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THE IMPACT OF THE BACKGROUND RADIATION
ON THE HEALTH

Background: Background ionizing radiation is present in all environments on Earth. There is no consensus on
the effects of radiation at different levels on the human body. There is a huge gap in the information concerning the
impact of radiation on health.

Objective: To determine the impact of natural background radiation on health.

Methods and materials: We conducted a literature review. A search for English-language literature published
between 2013 and 2018 related to background radiation and its effect on human health was conducted using PubMed
and Medline.

Results: 1934 papers were found and abstracts screened. 1898 papers were excluded, and the full text assessed
for 36 papers. 28 papers met our inclusion criteria for this writing this paper. Radiation levels varied from <100 mSv
to >6 mSv. Five papers found that radiation at <100 mSv level was beneficial to health in high background-radiation
areas, and conversely four papers found it was detrimental. The other 19 papers recommended conducting long-term
research. Only in one paper was found neurological disorder. Ionizing radiation is a risk factor for Alzheimer’s
disease.

Conclusion: However, there are still unknown areas with abnormal radiation. The opinion of scientist differs in
this issue. Thereby, there is a need for more investigation into the effects of radiation effects.

Key words: natural background radiation, health, cognition, mild cognitive impairment, Alzheimer disease.

Introduction. For the last two decades, the international scientific community has expressed concern
about the interaction between the environment and human health. One unknown and disputable theme is
the impact of the natural background radiation on human health. In our previous paper, we summarized all
essential data about the natural background radiation [1]. The aim of this paper is to add information
about the main effects of natural ionizing radiation on the human brain.

The question of the radiation exposure is still under study. The impact of radiation on the organism
depends on the radiation dose. lonizing radiation can be categorized into low (<1 Gy) and high (>1 Gy)
doses. There are several areas with High natural Background Radiation, and different populations are
exposure to different doses. As for instance in China (Yangjiang province) it corresponds to 5.06mSvy '
t06.86mSvy ', in Brazil (Pogos de Caldas, Araxa) 7 mSv, Iran (Ramsar) ranges between 0.7 and 131 mSv
with a mean of 6 mSv and India (Kerala) considerable range of 1 to about 45 mSv y—1 has also been
reported [2]. In terms of the effects induced by the low doses of ionizing radiation, the annual dose varies
from 100 Gy to 1 Gy [3].

Naturally occurring radionuclides such as **°Ra, **Th and *’K, cosmic rays, mountains and rivers are
formed the Natural Background Radiation of any area [4].

The molecular epidemiological study Shibiao Su et.al., revealed that low dose of ionizing radiation
induced adaptive response (Hormesis effect) on the cell at the High Background Radiation Area (HBRA)
[5]. It is quite interesting result presented in Vinay Jain and Birajalaxmi Das paper. The authors formed
four different background dose groups based on the individual dose received annually by them and made
transcriptome analysis to 36 respondents. The result showed that individuals exposed to background doses
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of >5mGy/year have shown alteration in expression of many genes involved in important functions or
pathways. The results have also shown that, Group II (<5.0mGy/year) has very few significantly diffe-
rentially expressed genes as compared to Group III and Group IV of high level natural radiation areas
(>5.0mGy/ year).The plausible explanation could be that individuals belonging to higher background dose
groups (> 5.0mGy/year) have accumulated larger doses and thus stimulating many genes from different
cellular and molecular pathways to maintain genome integrity. Overall analysis has revealed that biolo-
gical processes such as regulation of transcription, apoptosis, regulation of cell cycle, response to DNA
damage, metabolic processes, RNA processing, Immune response, signal transduction, DNA repair,
protein transport, histone/chromatin modification, response to oxidative stress, protein ubiquitination are
over-represented in higher dose groups (Group III and Group IV) as compared to Group I [6].

Ionizing radiation generates plenty of reactive oxygen species (ROS) which interact with the bio-
molecules such as DNA, protein, lipids thus producing a variety of oxidative lesions. Majority of oxida-
tive damages include oxidative clustered DNA lesions (OCDLs) [7].Understanding the risk from the
natural background radiation, Vinay Jain et al., the authors studied the repair of DNA double strand
breaks (DSBs)in high background radiation area and determined the low dose as 1.51-5.0 mGy/year and
high dose as >5.0 mGy/year. The results demonstrated that faster repair of DSBs and involvement of non-
homologous end joining repair pathway in High level natural radiation area group of individuals was
assessed as adaptive response [8]. However, further studies on DNA damage induction and repair kinetics
are required for the strong evidence [9, 10].

One of the common opinion is ionizing radiation induced effect, which can increase the risk of
cancer incidence. Despite the low value of the effective dose rate, which ranged from 0.06 to 0.38mSv/y,
with mean of 0.20mSv/y; the area was characterized by low background radiation. Therefore, this made
clear to the authors that natural radioactivity is probably not directly influencing the increase in cancer
incidence in the region. Therefore, the future research is needed to conduct, as doses from internal radia-
tion exposure and analyses of environment such as rocks, soils, as well as food and water for human
consumption may contribute to the impact on the human health by ionizing radiation [11, 12]. However,
the research, conducted in France from 1990 to 2009 did not reveal any correlation between risk factors
for childhood acute leukemia and low doses due to natural background radiation[13]. In Swiss Cohort
Study with children under 16 years old, Ben D. Spycher et al., 2015, suggested that background radiation
may contribute to the risk of cancer in children, including leukemia and CNS tumors. Furthermore, the
authors found the correlation between the cumulative dose and age [14].

There are few papers dedicated to the assessment of ionizing radiation in food. Nasrin Fathabadi
et.al., identified the radioactivity levels in Iran, Ramsar local foodstuff consumed by residents of the high
level natural radiation areas. The results showed the high doses in some products (milk and eggs). Addi-
tionally, the radionuclides in the uranium and thorium decay series may also considerably influence on the
Ramsar food [15, 16]. Additional sources of natural background radiation exposure might be due to the
natural radionuclides. In the paper done by Iwaoka, K. et al., 2017, the ranges of ***Rn mass exhalation
rates were almost identical to the natural rocks in Japan. Authors recommended that the risk of inhalation
of *"Rn decay products should be considered (as the radiological performance of the products depends on
raw material) and the methodology should be further studied[17]. Another sources of exposure due to
radionuclides is the contamination of water by ionizing radiation. Terrestrial radionuclides are one of the
most important sources of human exposure to radiation due to the emission of radioactive particles
(UNSCEAR2008) [18, 19]. Furthermore, chronic exposure to ionizing radiation might be the potential
health risk for the population[20]. In terms of terrestrial radionuclides, one of the main contributor to
radiation exposure is monazite — rich black sands in Miami Bay, Malaysia. Miami Bay can be listed as a
High Background Radiation Areas (HBRA) and considered as a potential risk area for its inhabitants [21].
Also, it is quite interesting research, dedicated to the impact of the natural radioactivity and technical
radiation on the soil and as a consequences on the human health. In this term, paper was written by Amira
Kasumovi¢ et. al., 2015 revealed no significant difference in the samples taken from the industrial and
from non-industrial areas [22]. Also, in Qureshi A. A. et al. paper, there was no any significant confirma-
tion in supporting hazards due to the usage Mansehra granite as a building materials [23], as well as there
was not found the potential risk for health due to the raw ceramics as a material for bulding dwelling
houses [24]. Also, Luevano-Gurrola, S.et. al.,2015, revealed low annual effective dose of outdoor
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radiation that might play non-significant role for producing some health effect, compare with radiation
after nuclear accidents [25]. In paper by Krishnamoorthy, N., et al.,2013, the radiological hazard para-
meters such as indoor gamma dose rate (DIN), is higher than the recommended level whereas the other
calculated hazard parameters are within the criterion limit suggested by UNSCEAR. That can be a poten-
tial risk for the human health [26].

In Sajad Borzoueisileha et al., 2013, retrospective study of health status of former students in High
Natural Background Radiation area (HNBRA). There was no significant difference between students from
HNBRA compared with control group. However, the authors recommend continuing the health super-
vision of this population (from HBRA) in the future [27, 28]. Lehrer, S. et al., 2017 found the strong
correlation between natural background radiation and risk of developing Alzheimer Disease [29]. Still,
this question is under discussion, as there are might be ecological fallacy.

Thereby, the opinions in terms of natural background radiation impact on the health is debatable.
However, we cannot deny possible influence of the chronic low doses of radiation on the human health.
Hereby, this theme requires detailed study.

Objective: to search the data about the natural ionizing radiation impact on human health.

Materials and Methods. We searched the PubMed and the Medline databases for English language
peer-reviewed articles between 2013 and 2018. Keywords were the following: “Natural background
radiation AND health”, “Background ionizing radiation AND health”, “Natural background radiation
AND brain”, “Natural background radiation AND mild cognitive impairment”, “Background radiation
AND Alzheimer disease”, ‘“Radiation Background AND dementia”. Papers for uranium mining sites,
man-made radiation (due to CT scan, X-ray, radiation the rapyetc.) and atomic bombing victims were
excluded. We excluded papers available only in the form of abstract, duplicate papers and animal studies.

Results: 6923titles and abstracts identified through database search. We identified 1934 citations
from searches and reviews of reference lists after removal of duplicates and assessed full-text reviews for
eligibility. Overall, 28 articles met the inclusion criteria. Radiation levels varied from <100 mSv/y to >6
mSv/y. Five papers found that radiation at 0.06 mSv/y level was beneficial to health in high background-
radiation areas, and conversely four papers found it was detrimental. The other 19 papers recommended
conducting long-term research. Only in one paper was found neurological disorder, such as Alzheimer’s
disease (AD) [29].According to the United Nations Scientific Committee on the Effects of Atomic Radia-
tion (UNSCEAR), there are four main sources, which form the Natural Background Radiation: cosmic
rays, terrestrial radiation, intakes of naturally occurring radionuclides through inhalation and ingestion.

We identified 13 papers that fulfilled the criteria of natural background radiation impact on the health
over the terrestrial radiation, intakes of naturally occurring radionuclides through inhalation and ingestion
[5-7, 12, 13, 16, 17, 19, 21-23, 27, 28]. There are several molecular epidemiological studies that revealed
low dose of natural background radiation beneficial for health, as it induce the adaptive response in the
DNA damage repair capacity and antioxidant capacity of inhabitants in the high background-radiation
area [1-3, 9-11, 15, 18, 25].There were just four papers, which suspected the adverse effect from natural
background radiation on the human health [4, 8, 11, 14, 18, 20]. However, the authors still recommended
studying this question, as to be sure that radiation is a dominant risk factor for the health. Additionally,
there was no any significant danger to the population health in two papers by Muneer Aziz Salehab et al.
and Krishnamoorthy, N. et al. [24, 26].

Discussion. Environmental issues increase interest in all scientific spheres. A huge number of papers
published with hazard effect of air pollution, ozone layer depletion, climate changing and natural ionizing
radiation.

To our knowledge, this is the first systematic review that evaluated the influence of natural back-
ground radiation on human health. There are numerous systemic review in terms of man-made (due to the
technic radiation), atomic bomb disaster impact on the human’s health [30-32]. However, there was few
studies with strong evidence of hazard effect on human health. One of the reason is difficulties in iden-
tifying the true natural ionizing radiation risk, as comorbidities such as diabetes mellitus, cardiovascular
disease, metabolic syndrome contribute negative effect to the whole organism as well [33]. Our findings
seems to suggest that the first step in identifying clear effect on health due to natural radiation is con-
ducting a good epidemiological study in order to detect an annual effective dose of radiation. The second
step should be longitudinal study for identifying the main health issues and possible risk factors.
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At the experimental works on the animals, the adverse effect on the animal health was proved.
However, the limitation of such kind studies is the artificial radiation exposure [34, 35].

The strengths of our review is that we investigated the association between natural background
radiation as source of exposure on human health. We searched two scientific databases. Nevertheless,
some potential limitations of the review process exist. Despite intensive searches, relevant publications
may have been missed. The strength of our conclusion is limited by the very low quality of evidence
available for our research question of interest.

Conclusion: However, there are still unknown areas with abnormal radiation. The opinion of scien-
tist differs in this issue. The specific effects due to radiation (stochastic and deterministic effects) are
controversial as there are a huge restriction in terms of study diseases, immune and gene respond to the
natural background radiation. Definitely, there is impact on health due to radon gas (one of the source of
background radiation) and radionuclides, but there is no approved methodology in order to measure the
effects on human health. Furthermore, there is no studies about the radio-resistance and radio-tolerance in
human, what can be taken into consideration and become the first step for the future research project idea.

C. T. Typycnexkosa, P. T. Lloii
«¥MVY» AK, Anmarel, Kazakcran
TABUTU PAINAIUAJIBIK ®OHHBIH ATAM JEHCAYJIBIFBIHA OCEPI

AnHotanus. Taburn paguanusuiblk GoH kammait, Oykin XKepae ke3meceni. Kasipri yakpiTra TaOuru pagua-
IUSUTHIK, (DOHHBIH aJlaM aF3achlHa 9cepi caliapbhlHaH Taiaa OO0NAaThIH HOTHKEIEP Typallbl OPTYPIIi THIIOTe3anap 0ap.
«PauanusiHbIH aJ1aM JIeHCAYJIBIFbIHA dCEPI» aTThl 9/Ic0H JAepeKTep/ie OUTIMHIH YJIKEH OJKbUIBIKTAP OPBIH AJIFaH.

Makcatpl. TaOuru paguanusuiblK GOHHBIH aJaM JeHCAyIBIFRIHA dCep CTEeTIH-CTICHTIHIITIH aHbIKTAY.

Martepuanagap Men daictep. bi3 omedu momy skacampik. [3mey 2013 sxpuiman Oactam 2018 >xpurra meiiin
PubMed sxone Medline nepexrep 6a3achlHaa aFbUILIIBIH TUTIHAE KYPri3iii.

Hotmxenepi. 1934 adctpakt Tabbuimbl. 1898 xapusIaHbIM IIBIFAPBUIBINT TacTadabl. bi3 36 TOJBIK MOTIHII
KYKaTThl 3epaeienik. Ocbl opedu 1moayapl xasy yiuiH 28 Kykat 0i3/1iH Kputepuiliepimisre coiikec kenpi. Tadburu
pamuanusuiblk o <100 M3B-nan >6 m3B-ra neifinri auanasonna opHaiackaH. bec sxapusianeiMpa <100 m3B
JI03aJIaFbl TAOWFU PaMAIIUSUIBIK CEPIiH OH dCepi aHBIKTAN/BI, aJl TOPT KYMBICTA aBTOPJAp TAOUFH paldalHsIIbIK
(OHHBIH azaM JeHcayJbIFbIHA 3USHIBI dcepl Typanbl kepceTkeH. OH TOFBI3 >KapWsUIAaHBIMHBIH aBTOPJIApHI Y3aK
YakpIT OOMBI MYKHAT 3epTTEy JKYPri3yai ychiHabl. Tek Oip >KYMbICTa FaHa TaOMFH paIualisuiblK (OHHBIH dcepi
calllapblHaH KOTHUTUBTIK TaNIBUIBIK TYPAJibl, aTal aTKaHaa AJbIreidiMep aypyblHbIH JaMYbl TYPaIbl HOTHKEIIED
ANTEBLIFaH.

KopsiThinabl. FameivaapaeH mikipi TaOurn paguanusuiblk (OHHBIH agaMFa ocepi MOceleciHme op TYPIIi.
Taburu paauanusuiblk (OHHBIH dCepi calgapblHAH TYBIHAAUTBIH JCEpJIEP/Ii aHBIKTAY OONBIHIIA KOCBIMINA 3EpPT-
TeyJep Kyprizy KaxeTTimiri 6ap.

Tyiiin ce3mep: Taburu paauauusuibiK (GoH, AEHCAYIbIK, KOTHUTHBTI (YHKIMsIAP, OpTalia KOTHUTHBTI Oy3bl-
mynap, ATpIreiMep aypysl.

C. T. Typycnekosa, P. T. loii
AO «<HMVY», Anmarsl, Kazaxcran
BJIUSAHHUE MIPUPOJIHOI'O PAANALIMOHHOI'O ®OHA HA 3/I0POBBE UEJIOBEKA

Annoranus. [IpuponHeIii paguannoHHEI (OH BCTpedaeTcss MOBCEMECTHO, 1Mo Beeil 3emie. Ha maHHBIN MoO-
MEHT CYIIECTBYIOT pPa3iIH4Hble T'MIoTe3bl 00 3(dexrax, BOZHHKAOMIUX BCIEICTBHE BO3ACHCTBUSI MPHPOIHOTO
paguanMoHHOro ()OoHa Ha OpraHU3M UeNIoBeKa. B nmrTepaTypHBIX HaHHBIX Ha TeMy «BosnelctBue pagmanuu Ha
3I0POBHE YETIOBEKA» CYIIECTBYET OTPOMHBIN MPOOEI B 3HAHUSAX.

Heab. BeissBUTH BIMsET 1M IPUPOAHBINA paJiMallMOHHbIH (DOH Ha 370pOBbE UeIIOBEKa

Marepuansl u MeToabl. Hamu Obut mpoBesieH uTeparypHblid 0030p. ITouck ocymiecTBisuics Ha aHIIIMHCKOM
s3bike ¢ 2013 mo 2018 roxa B 6a3ax nanubsix PubMed u Medline.
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PesyasTatsl. beuto mHalineno 1934 aberpakra. 1898 mybnmkanuii ObUTH HCKITFOYEHBL. MBI H3Y4riTH 36 MOTHO-
TEKCTOBBIX IOKYMEHTa. 28 IOKYMEHTOB COOTBETCTBOBAIH HAIINM KPUTEPHUSIM BKIIOYCHUS AJISI HAMCAHUS JAHHOTO
muteparypHoro 003opa. [IpuponHsiii pagrannoHH (OH HaxonuTcs B quanazoHe oT <100 M3B xo >6 M3B. B matu
nyOJIUKaNUsIX ObUIO BBUIBICHO ITOJIOKHMTENLHOE BIIMSIHUE MPUPOJHOTO paauanuoHHoro B no3e <100 mM3B, B TO
BpeMs Kak B YeThIpeX paboTax aBTOPHI yKa3alu O NaryOHOM BIMSHUM HPHPOAHOTO PAJHALIOHHOTO ()OHA Ha 3710-
POBBE YeIOBEKa. ABTOPBI AEBSITHAALATH ITyOJIMKaNnii PEKOMEHI0BAIN MPOBECTH OOJIEE TIIATEILHOE UCCIEA0BAHNE
C JUTMTENbHBIM BPEMEHHBIM ITPOMEXYTKOM. TOJIbKO B OJJHOI paboTe ObUTH yIOMSHYTBI PE3yJIbTaThl O BO3MOXKHOM
KOTHUTUBHOM Je(UIMTE BCIIEACTBHE BO3JCHUCTBUS MPHUPOAHOIO paJUallMOHHOTO ()OHA, a WUMEHHO, O Pa3BUTHH
0ose3Hu AnbLremep.

BbiBoa. MHeHHE yUYEHBIX PAaCXOAMTCSI B BOIPOCE BIMSHUS MPUPOIHOTO PaJMAllMOHHOTO ()OHA HA YEIOBEKA.
CymiecTByeT HEOOXOANMOCTh B IPOBEJCHUH JOTIOJHHUTEIBHBIX HCCIICJOBAHUN 110 BBISBICHUIO 3((EKTOB, BO3HU-
KalOIINX BCIIEACTBHE JICHCTBHS PUPOJHOTO PAAMALIMOHHOTO (OHA.

KiroueBble c10Ba: TPHUPOAHBIA paaUalMOHHBIA (OH, 370pPOBBE, KOTHUTHBHBIC (YHKIUH, YMEpPEHHBIE
KOTHUTHBHBIE HapyIICHUs, 00JIe3Hb AJbITeMep.
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STUDIES OF ANTIBLASTOMA NATURAL PRODUCTS
ON THE ORIGINAL AND DRUG-RESISTANT VARIANTS OF TUMORS

Abstract. Preclinical studies in laboratory animals have shown that polyflavans possess high antitumor ac-
tivity: 70-92% growth inhibition of Pliss lymphosarcoma, sarcoma 180, Erlich solid tumor, alveolar mucous cancer
of the liver PC-1, Guerin carcinoma, sarcoma 45 resistant to sarcolysin and prospidin.

Key words: Pliss lymphosarcoma, Guerin carcinoma, sarcoma 45, P-388 lymphocytic leukemia, breast cancer
(BC), antineoplastic drugs.

The antiblastoma effect of many plant extracts under experimental conditions is explained by the
presence of dimeric catechins, condensed flavanols, ellagotanins in them [1-3, 6, §].

A targeted search for anticancer drugs among these groups of compounds is carried out on a large
scale in pharmacotherapy at the Kazakh Research Institute of Oncology and Radiology, together with the
Department of Chemistry of the Natural Compounds of the al-Farabi Kazakh State University. The rese-
arches have revealed some data on the relationship of structure and antitumor activity in a number of
different groups of flavanoids, hydrolyzable and condensed tannins [3, 6, 10].

A number of flavanols among monomeric catechins (flavon-3-ol), monomeric (+) - catechin and (-) -
epacatechin, when injected intravenously in mice with sarcoma 180 and rats with Walker carcinosarcoma,
don’tt have antitumor action. Dimeric compounds (catechins from Persia gratissima, Ouvatea) inhibit the
growth of tumors by up to 50%. More pronounced antitumor activity was found in polymeric flavanols. In
works [1, 3, 7, 20, 21] it was shown that monomeric (-) - epicatechin (+) - catechin are low active in
antitumor relation, dimeric catechins (from Coataster vulgaris, Larix sibirica A.) reliably (up to 50-63 %)
inhibit the growth of sarcoma 180 and considerable Ehrlich tumor. The condensation products of flavanes
with 3, 4, -di-, 3’, 4, 5, -triooxy groups with a molecular weight of between 10,000 and 20,000 showed a
higher antitumor activity (63-90% of the growth inhibition of a number of transplantable animal tumors).
As the authors point out, in this group of polyflavane substances (proanthocyanidins) the degree of their
specific activity increases with increasing molecular weight of the polycondensate. In high doses, they
exhibit an antitumor effect, in medium doses they are radiosensitizing, and in small doses have an
antiradiation effect [1, 3, 5, 6, 19].

Phytopreparations were isolated at the Department of Chemistry of Natural Compounds of the
Kazakh State University from various plants - tanning ram (Polygonum coriarium grig.), mountain
ephedra (Rumex confertus Willd.), tatar rhubarb (Rheum tataricum L.), siberian larch (Larix sibirica
A. Ledeb. Tien Shan sorrel, Tien Shan cuff (Rumex, Alchimilla L. tianschanicum), camel thorn (Alhagi
kirgisorum A. Schrenk.) and others. Leukoefdin from ephedra mountain [21], Alhidin from a camel's
thorn [12, 14, 17] was previously recommended by the Laboratory for Experimental Therapy of Tumors
of the Kazakh Research Institute of Oncology and Radiology (KazRIOR) for preclinical study.

In the study of the acute toxicity of leucoefdin, it was administered intraperitoneally once as a 2%
aqueous solution in doses of 220, 300, 400, 500, 600, 700, 900, 1100 mg / kg. Alhidine in 2% con-
centration in 0.1% solution of sodium bicarbonate in doses of 600, 1000, 1400, 1800, 2000, 2500 mg / kg.
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For male mice, the maximum tolerated dose (MTD) for leucoefdin was 345 mgm / kg, LD50-610
(552 + 668 mg / kg); Alhidin MTD - 510 mg / kg, LD50-840 (710 + 876 mg / kg). After the introduction
of drugs, excitation was observed, followed by ruffled coat and depression (within 3-5 hours); in the
future, the remaining living mice had these phenomena. Mice died in a state of oppression at 1-5 days
after their introduction.

Intolerable single doses of intraperitoneal administration of leucoefdine and alhidine, from which
female mice died, the terms of their death from them are close to those of males. Therefore, special titra-
tion of single doses on white outbred mice-females was not performed.

At the dissection of the fallen mice, the fullness of the liver and spleen, hyperemia of the abdominal
vessels, distention of the intestine are macroscopically noted.

The body weight of the mice in the first two weeks after the administration of leucoefedin in doses
exceeding LDs, somewhat decreased and then its recovery occurred. After the introduction of the drug in
doses of lower LD, this indicator increased in accordance with the physiological developmental norms.

The maximum tolerable dose of leucoefdin when administered intraperitoneally for rats was
320 mg / kg, LDsp-530 (500 + 560) mg / kg for alhidine 480 mg / kg, LDsy - 690 = 770 mg / kg. In toxic
doses (700-1000 mg / kg), leucoefdin after administration caused excitement, then ruffled coat and
depression (3-6 hours), rats died 1-5 days after exposure to the drug. At the dissection of dead rats from
intolerance to leucoefdin, the same pathological picture was noted as in the case of experiments on mice
with a single intraperitoneal injection.

A 10% aqueous solution of lyophilized leucoefdin after a single injection into the bladder at a dose of
250 mg / kg did not cause the death of rats, dysuric events, abnormalities in the pathological and
morphological studies of the internal organs and bladder. Single doses of 550 and 890 mg / kg resulted in
the death of rats by 40 and 50%. The death of animals from intolerable doses mainly occurred on the
8-10 day after administration, starting from 3-4 days. Toxic effects developed slowly and were caused by
a pronounced irritant effect on the bladder mucosa; incomplete bladder content was observed. Common
symptoms of intoxication were lethargy, loss of appetite, and general depression. Restoration of these
changes in the surviving animals occurred for 15-20 days with the subsequent normalization.

With the introduction of a 10% aqueous solution of leucoefdin in the MPD in the bladder to rats daily
for 10 days was 50 mg / kg and for the next 30 days there was no toxic effect of the drug [1, 11, 16].

Alhidine at a 2% concentration in a 0.1% solution of sodium bicarbonate was tested with a single
intraperitoneal intravenous (tail vein) of mice and rats.

The MTD was 45 mg / kg, LDsy 90 mg / kg. The therapeutic latitude of alhidine for mice is small: the
value of MTD is close to the lower boundary of the confidence interval for LDso. The indicated toxicity
parameters in female mice of line F; (CBA x C57BI 6) are identical to the data on white outbred male
mice.

The main death of animals from intolerance to doses began after 2-15 minutes and after 1-3 hours
(below LDsg) and occurred 1-3 days after a single injection of the drug, but individual mice died on
8-12 days of experience [1, 4, 9, 13]. Exceeding the permissible concentration of alhidine (4% versus 2%)
did not cause a local irritating action (no infiltration of the subcutaneous tissue of the tail). At the autopsy
of rats suffering from intolerance to doses of alhidine, the same pathological-anatomical picture was
observed as in the case of experiments on mice with a single injection of the drug.

Parameters of acute toxicity of sea buckthorn polyflavones and cuff grass are of low toxicity.

Chronic toxicity. In experiments on rats with transplantable tumors, the maximum tolerated dose
(MTD) of a 2% aqueous solution of leucoefdin with daily intraperitoneal administration for 10 days was
50 mg / kg for mice, 40 mg / kg for rats, oral: 200 mg / kg for mice, 500 mg / kg for rats.

For 2% alhidine in a 0.1% sodium bicarbonate solution with daily intraperitoneal administration for
10 days, a single dose was 70 mg / kg for mice and rats; intravenous was 50 mg / kg for mice, 40 mg / kg
for rats.

The MTD of a 2% aqueous solution of sea buckthorn polyflavan with daily intraperitoneal admi-
nistration for 10 days for mice is 70 mg / kg, for rats it is 90 mg / kg.

With daily intraperitoneal administration for 5 days of a 2% aqueous solution of polyflavane
alchemine-1, the MTD was 30 mg / kg, of alchemy II, 40 mg / kg in experiments on mice; 40 mg / kg in
rats. In these doses, no marked toxic effects on animals and their death were observed. At autopsy of
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animals slaughtered at the end of the experiment, no pathological changes from the internal organs were
revealed.

The antitumor activity of polyflavans: leucoefdin, alhidin, alchemina I and II was studied in mice and
rats with the original tumor strains, as well as in rats with drug-resistant variants.

It has been established that intraperitoneal and intravenous injections in MTD, leucoefdin and
alhidin, have significant antitumor activity in experiments on rats with Pliss lymphosarcoma (LSP),
Guerin carcinoma (K.Geren), carcinoma of Walker (KSU), alveolar mucous liver cancer (PC-1) (62-95%
growth inhibition, P <0.02-0.001) to a lesser extent - M-1 sarcoma (CM-I), 45 sarcoma (C45) and breast
cancer (RMK-1) (26-60%). A reliably pronounced inhibitory effect was obtained in the treatment of these
drugs in MTD mice with sarcoma 37 (C37), sarcoma 180 (S180), a considerable Ehrlich tumor (Erlih
tumor), gastric cancer of OZh-5 (OZh-5), adenocarcinoma of the mammary gland (CA) 755), cervical
cancer (CCR-5) and Lewis lung carcinoma (LL) (60-84% growth inhibition, P <0.01-0.05). At the same
time, in increase in life expectancy (ILE) of the mice with lymphocytic leukemia P-388 (P-388) (by 46-
87%) with respect to the control was noted. Lymphoid leukemia L 1210 (L1210) (UPJ - 11-12%) and
hepatoma 22a (12-36%) are not very sensitive.

Sea buckthorn polyflavone had a significant inhibitory effect in MTD in experiments on five tumors:
breast cancer (RMK-1) and Pliss lymphosarcoma (88 and 60% growth inhibition, respectively), C-180,
Ehrlich solid tumor (55 and 49%, respectively), P-388 (UPZh-50%). The remaining tumors of mice and
rats were insensitive to this drug.

Alchemine-I had a high antitumor effect in comparison with alchemine-II in MTD on KSU, a solid
tumor of Erlich, K.Heren (90-56% growth inhibition, P <0.001-0.05); both alchemine and C 45, LSP
growth (72-76%) were equally inhibited. The remaining tumors were insensitive to them.

Thus, polyflavans have a high antitumor activity: 70-92% growth inhibition of Pliss lymphosarcoma,
180 sarcoma, Erlich solid tumor, alveolar mucous liver cancer PC-1, Guerin carcinoma.

Leukoefdin, alhidin and polyflavin from sea buckthorn with intraperitoneal daily use (for 10 days)
caused a significant reliable therapeutic effect in relation to the resistance to rubomicin of Pliss
lymphosarcoma (59-80% inhibition). As one can see, the initial sensitivity (60-88%) of the given strain to
drugs is retained. The substrains of sarcoma 45, resistant to rubomycin and 5-fluorouracil were insensitive
to polyflavins. On the contrary, in a comparative study, the tested polyflavans (at doses of 45, 70, 90, and
40 mg / kg, respectively) up to 90% inhibited the growth of sarcoma 45 resistant to prospodine. High
sensitivity (up to 83% inhibition) and sarcoma 45 resistant to 5-fluorouracil have been revealed for
alhidine [1, 4, 6, 7].

Sarcoma 45, resistant to sarcolysin, showed hypersensitivity to leukoefdin. The drug inhibited the
growth of the original strain by 38%, and drug-resistant by 80% (P <0.001). Whereas on this strain,
alchidin and polyflavin from sea buckthorn caused cross-resistance.

Similar results were obtained in the treatment of leucoefdin rats with Pliss lymphosarcoma resistant
to prospidin. In experiments with this tumor strain, the initial sensitivity (92 and 56%, respectively) was
retained when exposed to alhidin and alchemine-I (76 and 74%, respectively).

High antitumor activity was detected when leucoefdine and alhidine were administered (in MTD by
intraperitoneal administration) to mice with lymphoid leukemia L 1210, resistant to methotrexate (MTX),
nitrosomethylurea (NMU) [15], 6-mercaptopurine (6-MP) 146% ILE in relation to the control. A
moderate increase in the life expectancy of the mice was found during treatment with a polyflavin of sea
buckthorn and alchemine I (up to 35% ELE).

The studied polyflavans, in addition to tannins (82%), flavanoids (5%), glucose (2.2%), arabinose
(1%), contain polysaccharides (1.6%).

Thus, with the use of drug-resistant transplantable rat tumors, Pliss lymphosarcoma and sarcoma 45,
resistant to rubomicin and prospidin, were susceptible to polyflavans; sublines of leukemia L 1210,
resistant to 6-mercaptopurine, nitrosomethylurea, methotrexate.

Of the polyflavans used, the more active (on 6-8 strains) were alhidin and leucoefdin. On sarcoma
45, resistant to sarcolysin and prospidin, collateral sensitivity to leucoefdine is manifested, and sarcoma
45, resistant to 5-fluorouracil — to alhidin.
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TABUT'U IPETAPATTAPIBIH
BIPIHINIJIIKTI 2KOHE JIOPITE TYPAKTBI KATEPJII ICIKTEPTE
AHTHUBJIACTOM/BbIK OCEPIH 3EPTTEY

AHHOTAUMsA. 3epTXaHAIBIK KaHyapjapra KJIMHUKara JACUIHT1 3epTTey KesiHze nosudaaBaHmap KaTepii icikke
Kapchl acepi JKOFapbl €KeHl JQIENJCHl: CapKOJM3UHIE >KOHE NMPOCIHUIMHTE TypakThl Ilmmcc nmmdocapkomacsl,
capkoma 180, DpimXTBIH COJMATI iciri, OaybIpAbIH aibBeossipibl cimemeii iciri, PC-1, I'epen kapruHoMacsl,
capkomsl 45 ecyin 70-92% Texeni.

Tyiin ce3mep: [Immcc mmmdocapkomacer, 'eper kapruHOMache], capkoma 45, muMpouuTapisl JTeHKeMHUs
P-388, cyT 6e3i xatepumi iciri (PMK-1), katepi icikke Kapchl mpenapaTTap.

K. JI. PaxumoB
AO «HammonansHbIN METUIIMHCKUHN yHUBEpCUTET», Anmatsl, Kasaxcran

HNCCJIEJOBAHUS AHTUBJIACTOMHBIX ITPUPOJHBIX ITPEITAPATOB
HA HCXOJHBIX U IEKAPCTBEHHO PE3UCTEHTHBIX
BAPUAHTAX OITYXOJIEA

AnHotanus. J[OKIMHUYECKHE HWCCIEIOBAaHHUS HAa JIA0OOPATOPHBIX JKUBOTHBIX [TOKA3aJId, YTO MOIU(IIABAHBI
00J1a1a10T BBICOKOH IPOTHBOOITYXOJIEBOH aKTUBHOCTHIO: 70-92% TtopmoxkeHus pocra numdocapkomsl [lmmcca,
capkomsl 180, conmmaHO# omyxonn Dpirxa, adbBEOISIPHOTO CIM3HCTOro paka medyeHu PC-1, xapruaomsl ['epena,
capkome 45, pe3UCTeHTHON K CApKOIU3UHY U MPOCHHINHY.

KiawueBble cioBa: nmuMdocapkoma [lnmcca, kapiuHoma I'epeHa, capkoma 45, numdonutapHas JTedKeMus
P-388, pak monouHoii xene3sl (PMXK-1), npoTHBoomyxosieBblie mpenapaTsl.
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MORPHOLOGICAL CHANGES OF THE THYMUS DURING ACUTE
INTOXICATION WITH YELLOW PHOSPHORUS

Abstract. This scientific article discusses the violation of the thymus after acute intoxication with yellow
phosphorus. After 6 days, it was found that the volume of the connective tissue capsule and partitions increased in
the thymus. Accumulations of mast cells are detected, the cross-sectional area decreases. One month after intoxi-
cation in the parenchyma of the lymph nodes, an increase in the plasma cells content in the cortex with a charac-
teristic (in the form of "wheel spokes") arrangement of nuclear chromatin is visually observed. Active plasmatization
of lymphocytes in these conditions is probably associated with enhanced penetration of antigens into the lymph
nodes, and therefore the content of the vascular bed is particularly important. The results confirm the involvement of
the immune system in the development of intoxication.

Key words: yellow phosphorus, xenobiotic substances, thymus, intoxication, microscopy.

Introduction. Relevance The production of yellow phosphorus in the Republic of Kazakhstan is one
of the factors that pollute the environment with xenobiotic substances, the amount of which significantly
exceeds the limit of permissible concentration in the external environment, especially at work and close to
it (1.2) Intensive mining, production of phosphorus and that compounds in the cotton-growing areas of
Kazakhstan are conducted on the background of ultraviolet insolation and overheating of the body, which
aggravates the pathogenic effect of yellow phosphorus and its of the connections. The prolonged effect on
the body of even the smallest concentrations of toxic substances contributes to the emergence of hidden,
few symptomatic forms of chronic intoxication, which makes it especially necessary to search for new
methods of diagnosis and treatment (3,4,5,6,7,8,9,10)

Until now, cytomorphological changes in the thymus, after acute intoxication with yellow phos-
phorus and its compounds, have not been adequately studied.

However, in the literature studied by us there are no data, the effect of acute phosphorus intoxication
and its compounds on the organs, the thymus morphostructure.

Materials and research methods. Experimental studies were performed on 12 semi-mature outbred
white male rats with an initial body weight of 120-140 g. The animals were kept in a vivarium at a normal
food regime and, before the beginning of the experiment, were quarantined for 12-14 days. Weigh rats
once a week. Yellow phosphorus in cotton oil was injected into rats in the stomach daily with a probe at a
dose of 1.0 mg / kg body weight. After the end of the experiment, the animals were killed by decapitation
under ether anesthesia. For light microscopy, samples were prepared after fixation in a 10-12% solution.
formalin on phosphate buffer Paraffin sections were stained with hematoxylin and eosin.

The counting of various forms of erythrocytes was carried out on electron diffraction patterns at a
magnification of 4,000 times. At least 1,000 erythrocytes were used for each term. Statistical material
processing and graphing were performed on a Pentium 111 computer using the BS-Statistika program, as
well as Excel-OfficeMicrosoft-Window's-98 application programs.

Results. 6 days after intoxication, the cortical substance of the thymus lobes is represented by tightly
adjacent large blocks of heterochromatin, and a thin rim of poorly differentiated cytoplasm with single
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mitochondria. T-lymphocytes tightly adjacent to each other, contacting their plasmolemmas. Sometimes,
plasma cells are found among them, a typical feature of which are numerous narrow, concentrically
located tanks of the granular endoplasmic reticulum.

Normally, plasma cells do not occur in the thymus, and the identified symptom indicates a violation
of the permeability of the hematotomus barrier, which is known to include endothelial cells of the blood
capillary wall, their continuous basement membrane, perivascular space, epithelioreticulocyte basement
membrane and cytoplasm of the cell and the cytoplasm . cells are characterized by elongated nuclei with
scalloped contours, containing predominantly heterochromatin. In their cytoplasm the Golgi complex and
the endoplasmic reticulum are moderately developed.

However, especially in the medulla of the thymus lobules, epithelial cells of the stroma are found
with a very well developed Golgi complex, which is located in the pernuclear zone and is represented by
several dictyosomes, lysosomes and a multitude of vesicles. In such cells there are large, expanded tanks
of a granular endoplasmic reticulum with flaky content in the lumen, vacuoles specific for reticuloepi-
theliocytes are found.

Such uviform vacuoles are characteristic of secretory epithelioreticulocytes, in which hormone-like
factors — thymosin, thymopoietin and thymulin — were detected using monoclonal antibodies . This type
of stromal cells is characterized by the presence of a large nucleus with diffuse chromatin and 1-2 large
nucleoli, represented predominantly by the granular component.

When studying the microvasculature vessels, blood capillaries with altered endothelium were
detected. The surface of endotheliocytes, facing the capillary lumen, contains numerous outgrowths and
invaginations, and thinning areas are found. There are few organelles in the cytoplasm, micropinocytosis
vesicles are visible. The basement membrane in the wall of such capillaries is unstructured, characterized
by low electron density. These ultrastructural features suggest an increase in permeability of the blood-
brain barrier. Often there are closed capillaries with a nucleating part of the endotheliocyte eminating into
the lumen. Pinocytotic vesicles are numerous in the cytoplasm of endothelial cells.

Thus, the ultrastructure of thymus lymphocytes and reticuloepithelial cells at this time of the study is
not characterized by gross pathology and the most noticeable change is the presence of plasma cells in the
organ parenchyma due to a violation of the permeability of the hematothymus barrier.

The causes and nature of changes in immunocompetent organs in conditions of intoxication are
multifaceted. A number of changes are undoubtedly due to the direct alternative effects of intoxication
factors (stress, hypoxia, toxemia, etc.) on parenchymal and stromal elements. In addition, in these expe-
rimental conditions, the stress of functioning should take place and, accordingly, more intensive wear of
immunocompetent cells and components of the stroma of the organs due to the appearance in the body of
a significant amount of substances with antigenic and autoantigenic properties.

One month after intoxication in the parenchyma of the lymph nodes, an increase in the plasma cells
content in the cortical substance with a characteristic (in the form of "wheel spokes") arrangement of
nuclear chromatin, well developed, tightly fitting tanks of granular endoplasmic reticulum, large mito-
chondria of a rounded or slightly elongated shape is visually observed. with parallel cristae. Active plas-
matization of lymphocytes in these conditions is probably associated with enhanced penetration of
antigens into the lymph nodes, and therefore the content of the vascular bed is particularly important.

The vessels of the microvasculature look as spasmed; the cells forming their wall show signs of
dystrophic changes. The lumen of arterioles appears to be sharply constricted, the endothelial cells pro-
truding into it form a characteristic “jagged” structure. The nuclei of some endotheliocytes show signs of
pycnosis; vacuolation of the cytoplasm of individual smooth muscle cells is found. The elastic membrane
is sharply winding. In the blood capillaries, vacuolar degeneration of endotheliocytes, sometimes pycnosis
of the nuclei, and destruction of the basement membrane is also noted.

The above changes can, in all likelihood, be regarded as evidence of the inclusion of an autoimmune
process intoxication in the pathogenesis.

A month later, the cortical substance of the thymus lobules is represented by clusters of lymphocytes
in loops formed by the reticuloepithelial stroma. Lymphocytes are characterized by a round heterochro-
matic nucleus and a thin rim of cytoplasm; In some thymic lymphocytes, changes in the form of peri-
nuclear cysts expansion and signs of apoptosis are found.
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The ultrastructure of reticuloepithelial cells is distinguished by polymorphism. Among them are the
"light" and "dark" cells, which differ from each other in the electronic density of hyaloplasm; reticu-
loepithelial cells with signs of destruction and the formation of apoptotic bodies and cell breakdown are
found. Along with this many thymus reticuloepitheliocytes are characterized by the presence of a well-
developed granular endoplasmic reticulum in the cytoplasm, a large nucleus with a granulated nucleolus.

There are spasmodic capillaries with moderate signs of dystrophy endotheliocytes and destruction of
the basement membrane. The reticuloepithelial cells located next to such capillaries showing signs of
vacuolization. Reticuloepithelial cells with signs of destruction and apoptosis are detected.

It seems that in the thymus, as in other organs studied under the conditions of this pathology, destruc-
tive changes are most pronounced in the parenchymal and stromal elements of the organ, which are
located in the immediate vicinity and the walls of the blood capillaries. Taking into account the presence
of toxins in plasma intoxication, it can be assumed that these changes are manifestations of a direct
cytotoxic damaging effect.

After 6 days in the thymus there is an increase in the volume of the connective tissue capsule and
partitions, accumulations of mast cells are found, the cross-sectional area of the thymus and the area of the
cortex of its lobules are reduced, i.e. there are changes that essentially reflect the accidental involution of
the thymus under intoxication conditions, which is a mandatory component of the onset and development
of this pathology.

The results confirm the involvement of the immune system in the development of intoxication. It can
be assumed that there are several options for its involvement in the process or a combination of options,
namely:

— primary alternative changes in the organs of immune protection of a polyetiological nature,
aggravating the course of the main process and participating in the formation of vicious circles;

— stress response due to autoimmune process;

— stress response due to antibacterial immunity in concomitant infectious process.

Thus, in the conditions studied, there is a combination of the primary damaging effects on the
immunocompetent organs and the development of a stress response in them.

Submicroscopic changes found in immunocompetent organs in the intermediate and late periods of
intoxication are multidirectional in nature and cannot be interpreted unambiguously: in all likelihood, a
combination of changes takes place in these circumstances;

— direct damaging effects on parenchymal and stromal elements, factors of developing intoxication
(hypoxia stress, toxemia, etc.);

— stress of functioning and accelerated wear of immunocompetent cells under conditions of increased
requirements to the organs of immune protection that occur during the development of intoxication.

However, in spite of the presence of both reactive and destructive changes in the organs studied, and
in some cases signs of programmed cell death, the infrastructure of the lymph nodes and the thymus
seems to be sufficiently safe to be able to realize the immune response. These circumstances dictate the
need for a rational correction of the immune status of the body in conditions of intoxication.

C. H. Kymamos, K. P. Tykraes, b. C. ZKymamos
K. A. flcayu atbiHaarsl XanblKapajiblK Ka3ak-Typik yHuBepcureti, Typkicran, Kazakcran

CAPBI ®OCPOPMEH KEJEJ YIAHTBIPFAHIA
TUMYCTBIH MOP®OJIOT'UAJIBIK O3I'EPICTEPI

AnHotanus. TuMycTsIH capbl pochopMeH ynaHFaHIAH COH HHTOKCHKANMSUIBIK e3repicTep 00omanasl. 6 TOYIiK-
TEH COH THMYCTa JOHEKep TiHIep KaOBIFbI )KOHEe TOCHIHIAPIBIH KelleMi yikeiieni. basam xacymanap caHsl keOeiiesi.
WHTokcukanusgan Keiin Oip aiaH COH IUMQpATHKAIBIK TaMbIPIAPIbIH MAPCHXUMACHIH/A MJIa3MaIUTTAP/IbIH KO-
Ociiroi Oaiikanampl. JIMMQPOIUTTAPABIH OCICCH I TIa3MaTH3AMMUSICH MYMKIH, aHTHICHAAPIbIH TUM(aTHKAIBIK TYHiH-
JIepiH inriHe KipyiHe OaiIaHbICTHI OONBIT TaOBUIABL. AJIBIHFAaH HOTIKENEp MMMYHHTETTIK KYHEHIH MHTOKCUKAITH
MpOIIeCCiHAe KATBICYiHI JoNMeIIeH/Ii.

Tyiiin ce3nep: capsl Gpocdop, KCeHOONOTUKAIIBIK 3aTTap, THMYC, HHTOKCUKAIINS, MUKPOCKOTIHSI.
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MOP®OJIOI'NMYECKHUE UBMEHEHUA TUMYCA
IIPU OCTPOM MHTOKCHUKAIIUU KEJTHIM ®OCPOPOM

AHHoTanus. B 3Toif Hay4HO! cTaThe pacCMaTpHUBAIOTCS HApYIICHUS THMYyca IOCNEe OCTPOM MHTOKCHKAIMU
xenTeiM (hochopom. Uepes 6 CYyTOK BBISICHEHO, YTO B TUMYCE YBEIMYMJICS O0BEM COCIMHUTEIILHOTKAHHON KaIlCyJIbl
n neperoposok. OOHAPYKUBAIOTCSI CKOIUIEHHS TYYHBIX KJIETOK, YMEHBIIAETCS IUIOIIAAb IONEPEYHOr0 CEeUeHHSI.
UYepes Mecs1] 110ciIe MHTOKCUKAIMHU B TApEHXUME JTMM(ATHIECKUX Y37I0B BU3YaJIbHO OTMEYAETCs YBEIMUSHHE COJIep-
JKaHUS TUIa3MOLIMTOB B KOPKOBOM BEIIECTBE C XapPAKTEPHBIM (B BHJE «CIIHI] KOJIECA») PACIIOJIIOKEHUEM SEPHOTO
XpoMaTHHa. AKTHBHAS IUIa3MaTH3anys JUMQOIMTOB B JAaHHBIX YCIOBHSAX CBSI3aHA, BEPOATHO, C YCHICHHBIM IIPO-
HUKHOBEHHEM aHTHTCHOB B JTMM(pATHUYECKUE Y3TIbl, B CBSI3H C YEM OCOOCHHO Ba)KHBIM IPEICTABIACTCS COIEpKAHUE
cocynucroro pycna. IlosydeHHBIE Pe3ysIbTaThl MOATBEP)KAAIOT ydyacTHE MMMYHHOH CHCTEMBI B Pa3BUTUU HMHTOK-
CHKALUH.

KuroueBsie ciioBa: sxentoiii Gocdop, KCeHOOMOTHYECKUE BELIECTBA, TUMYC, HHTOKCHKAIHS, MUKPOCKOITHSL.
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CLUSTERS OF miRNAs BINDING SITES
in 3'UTR mRNA OF BREAST CANCER CANDIDATE GENES

Abstract. Breast cancer is the most common disease among women and the development of methods for early
diagnosis requires the identification of non-invasive molecular markers of oncogenesis. Associations of miRNAs
and breast cancer candidate genes can serve as such markers. Characteristics of the interaction of miRNAs with
mRNAs of several genes were predicted using the MirTarget program. It has been established that miRNA binding
sites (BS) can be located in the mRNA with overlapping nucleotide sequences, forming clusters of BS. The studied
genes contained BS of one or more miRNAs in the 3'UTR mRNA. When the nucleotide sequences of the BS in the
cluster overlap, a multiple decrease in the occupied part of mRNA takes place. As a result of the compactization of
BS between the miRNAs, there is competition for binding in the cluster. Identified 1D00436.3p-miR and
ID01030.3p-miR with BS with the overlap of nucleotide sequences in the 3'UTR mRNA containing multiple repeats
of the GU and CA dinucleotides of BACHI, CD19, CDK6, ETS1, FGFR3, FOXP1, IGF2R, FOXPI, IGF2R, IGF2R,
IGF2R, IGF2R, SP1, ST8SIA1 and WTI genes. Established ID00470.5p-miR and 1D02299.5p-miR which BS are
also located with the overlap of nucleotide sequences in the mRNA of CARNSI, CCNDI, EFNBI, IGF2, SMAD4
and ZEBI genes. ID01727.5p-miR and ID02882.3p-miR have coinciding sites in the mRNA of ELK4, FOXPI and
SEN genes. ID01382.3p-miR has BS in TGFBI and SMAD3 genes consisting of four repeats of GCCCC. The asso-
ciations of ID00436.3p-miR and ID01030.3p-miR with target genes are proposed for early molecular diagnosis of
the disease. These associations include BACHI, CDK6, ETS1, IGF2, SFN, SMAD4, SP1 and ST8SIA1 genes. Asso-
ciations of ID00470.5p-miR and 1D02299.5p-miR with CARNSI, CCNDI, EFNBI, IGF2, SMAD4 and ZEBI genes
are recommended to use for early molecular diagnosis of the disease.

Key words: miRNA, mRNA, cluster, target gene, breast cancer.

Introduction. The incidence of breast cancer (BC) has high rates in the world and Kazakhstan [1].
This is due to the insufficiency of preventive measures, such as early diagnosis. Recently, there have been
many studies on the diagnosis of BC using miRNA (mRNA-inhibitory RNA), which play a key role in
the post-transcriptional regulation of genes involved in proliferation, differentiation, angiogenesis,
migration, apoptosis and carcinogenesis [2]. More than 600 genes are involved in the development of BC
[3] and it seems important to identify which of them may be targets for miRNAs. Earlier, we studied the
interactions of miRNAs from miRBase database with BC candidate genes [3-5] and it was shown that
miRNAs can be strong regulators of the expression of many genes and serve as markers for developing
methods for early diagnosis of BC [6]. According to the literary data, miRNAs are predominantly bind in
the 3'UTR mRNA [7]. Thereby, in this work, we studied interaction characteristics of recently discovered
and poorly studied 3707 miRNAs [8] with mRNA of BC candidate genes.

Materials and Methods. The nucleotide (nt) sequences of 19 BC candidate genes were downloaded
from GenBank (http://www.ncbi.nlm.nih.gov). The nucleotide sequences of 3707 miRNAs were taken
from the publication [8]. RPKM wvalues [9] are given in the Human Protein Atlas data
(https://www.proteinatlas.org). Human Protein Atlas data were used as a quantitative measure of
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transcript expression in mammary gland. Recently, computer approaches in biotechnology [10] and
biology [11] have been actively used. The miRNAs binding sites (BS) in mRNAs of several genes were
predicted using the MirTarget program [10]. This program defines the following features of miRNA
binding to mRNA: a) the start of the initiation of miRNA binding to mRNAs; b) the localization of
miRNA BS in 5'UTRs, CDSs and 3'UTRs of the mRNAs; c) the free energy of interaction miRNA and
the mRNA (AG, klJ/mole); d) the schemes of nucleotide interactions between miRNAs and mRNAs. The
ratio AG/AGm (%) was determined for each site (AGm equals the free energy of miRNA binding with its
fully complementary nucleotide sequence). The miRNA BS located in mRNAs had AG/AGm ratios of
87% or more. AG/AGm ratios were taken on the assumption that the members of the miRNA of one
family generally differ by no more than 1-3 nucleotides, that with a miRNA length of 22 nt, the AG/AGm
value was 96% (21 nt/22 nt = 96%) - 87% (19 nt/22 nt = 87%). With a larger difference in the number of
mismatched nucleotides, the probability of two or more miRNAs to bind in one site increases, which
excludes the natural property of the miRNA to interact selectively with the mRNA of the target gene. The
MirTarget program identifies the positions of the BSs on the mRNA, beginning from the first nucleotide
of the mRNA's 5'UTR. The numbers of hydrogen bonds in the G-C, A-U, G-U and A-C interactions were
found to be 3, 2, 1 and 1, respectively [12-14].

Results and Discussion. The AKT gene is the target of three miRNAs (Table 1). The BSs of these
miRNAs are located with the overlap of nucleotide sequences that form the mRNA region named by us as
cluster of BSs. The total length of three miRNAs BSs is 64 nt and, due to compactization, they are located
in a cluster of 35 nt length. The length of 3'UTR is 992 nt and there is no need to compactizied BSs.
Probably, the compactization of BSs is intended to limit the dependence of gene expression on three
miRNAs simultaneously, since only one miRNA can be bind at a 35 nt cluster. The binding characteristics
of the three miRNAs are close (table 1) and miRNA present in greater concentration will have an advan-
tage in interacting with mRNA.

Table 1 — Characteristics of miRNA binding in the 3'UTR mRNA of BC genes

Gene; MiRNA Start of site, AG, AG/AGm, Length,

RPKM nt kJ/mole % nt
ID00403.3p-miR 2864 -117 93 21
AKTI;33.6 ID00722.5p-miR 2866 -113 93 20
ID00843.5p-miR 2875 -119 90 23
1D00436.3p-miR (8) 4257+4279 -104+-106 8991 23

BACHI; 5.6 -
1D01030.3p-miR (6) 4257+4267 -108 89 23
ID00700.5p-miR 546 -117 92 20
BIK; 3.5 1D02766.3p-miR 548 -123 92 22
ID02108.3p-miR 553 -113 90 22
CARNSI; 0.8 ID00470.5p-miR (4) 3225+3231 -108 89 23
CCND1;27.6 1ID00470.5p-miR (2) 2595+2597 -108 89 23
1D00436.3p-miR(2) 1862+1864 -104+-106 89+91 23

CD19;0.1 ]

1D01030.3p-miR 1862 -108 89 23
1D00436.3p-miR (9) 1896+1920 -104+-106 89+91 23
CDK6; 2.2 1D01030.3p-miR (7) 1900+1918 -108+-115 89+95 23
ID02513.5p-miR 1901 -102 91 22
ID01332.3p-miR 2780 -113 91 22
CREBI; 5.3 ID03006.5p-miR 2781 -121 89 24
ID03149.5p-miR 2784 -115 92 22
ID02868.3p-miR 8296 -113 90 23
ELK4:0.1 ID01727.5p-miR 8297 -104 89 23
1D02882.3p-miR 8302 -110 93 21
EFNBI; 30.4 1D00470.5p-miR (3) 2526+2530 -108 89 23
1D01030.3p-miR (12) 3875+3908 -108 89 23

ETSI;28.5 -
ID00436.3p-miR (11) 3888+3908 -104 89 23
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Continuation of table 1
ID00436.3p-miR 2814 -108 93 23
FGFR3;2.3 ID01030.3p-miR 2814 -113 93 23
ID01727.5p-miR 2819 -104 89 23
ID00436.3p-miR 5952 -104 89 23
ID01727.5p-miR (2) 5953+5955 -104+-106 89+91 23
FOXPI;5.3 -
1D02882.3p-miR 5960 -110 93 21
D00436.3p-miR 5970 -104 89 23
D00470.5p-miR (9) 2286+2463 -108+-113 89+93 23
1D02299.5p-miR (3) 2302+2458 -100 94 21
IGF2;20.4 ,
1D00470.5p-miR (3) 25202539 -108 89 23
ID00470.5p-miR (3) 2655+2672 -108+-110 89+91 23
ID00436.3p-miR(6) 8447+8457 -104 89 23
IGF2R; 13.5 -
ID01030.3p-miR(5) 8447+8455 -108 89 23
1D02062.3p-miR 3098 -121 90 22
ID03306.3p-miR 3104 -123 94 21
PAX2;0.2 -
ID02781.3p-miR 3105 -117 93 20
1D00329.3p-miR 3107 -127 92 22
ID00790.3p-miR 1179 -104 89 23
ID02868.3p-miR 1188 -113 90 23
1D00436.3p-miR (7) 1190+1202 -104 89 23
SFN; 9.4 :
ID01030.3p-miR (6) 1190+1200 -108 89 23
ID01727.5p-miR 1203 -106 91 23
1D02882.3p-miR 1210 -108 91 21
1D02822.5p-miR 2070 -127 91 23
SMAD3; 14.0 ID00978.5p-miR 2072 -119 90 22
ID01382.3p-miR 2075 -113 93 20
ID00470.5p-miR (5) 7744+7752 -108 89 23
SMAD4; 9.8 :
1D02299.5p-miR (6) 7743+7753 -96 90 21
ID01839.3p-miR 2994 -123 89 23
ID01282.3p-miR 3000 -125 95 23
SOX4; 13.2 -
ID00101.3p-miR 3001 -115 92 22
ID03445.3p-miR 3001 -121 89 23
Pl 155 1D00436.3p-miR (8) 4147+4161 -104+-106 89+91 23
T ID01030.3p-miR (7) 4147+4159 -108 89 23
ID00790.3p-miR 4531 -104 89 23
ID00436.3p-miR (14) 4537+4563 -104+-106 89+91 23
ST8SIAL; 0.5 -
ID01030.3p-miR (12) 4537+4559 -108 89 23
ID01727.5p-miR 4562 -106 91 23
ID03306.3p-miR 2060 -123 94 21
TGFBI; 19.5 ID01382.3p-miR 2062 -113 93 20
1D03208.5p-miR 2066 -125 88 24
ID02513,5p-miR 2698 -104 92 22
WTI;0.0 ID00436.3p-miR (8) 2705+2719 -108 89 23
ID01030.3p-miR (12) 2705+2715 -104 89 23
ZEBI; 11.3 ID00470.5p-miR (10) 3587+3605 -108 89 23
ID03324.3p-miR 2547 -115 90 22
21CT 0.1 1D00849.3p-miR (2) 2551+2558 -119+-121 92+93 22
o ID01545.3p-miR (2) 2552+2559 -110+-113 91+93 21
ID01911.5p-miR 2553 -127 92 23
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In the mRNA of BACH]I gene, the BSs of two miRNAs are located, which have eight and six arran-
ged sites. The nucleotide sequence of cluster is represented by 17 repeats of GU dinucleotide. With a
length of 3'UTR equal to 3315 nt, there is no point in compactizing BSs. By overlapping the miRNA BSs,
as in the AKT1 gene, competition is created between two miRNAs. To date, there is no explanation for the
biological function of nucleotide repeats in the 3'UTR. In our work, the value of dinucleotide repeats as
miRNA BSs was established for the first time. The mRNA of CDK6 gene contains BSs of ID00436.3p-
miR and ID01030.3p-miR, which have nine and seven arranged BSs, respectively. The 46 nt cluster
consists of 23 dinucleotide GU repeats. The length of 3’'UTR is equal to 10219 nt, that is, it is much longer
than the length of the cluster and there is no need for superposition of these miRNAs BSs. However, there
is a competition between these miRNAs for binding in the cluster.

The cluster of ID00436.3p-miR and ID01030.3p-miR BSs in the mRNA of E7SI gene contains 11
and 12 BSs of these miRNAs 57 nt long, consisting of 28 repeats of GU dinucleotide. The length of
3'UTR is equal to 3601 nt and the superposition of two miRNAs BSs slightly reduces its length. That is,
in this case, there is competition between two miRNAs. The mRNA of FGFR3 gene has only one BS for
ID00436.3p-miR and ID01030.3p-miR, but the nucleotide sequences of their BSs are overlap. The cluster
of six miRNAs BSs in the mRNA of SFN gene contains seven and six BSs of 1D00436.3p-miR and
ID01030.3p-miR, respectively. The cluster 67 nt long consists of 33 repeats of GU dinucleotide. 3'UTR
includes 498 nt so clustering does not significantly affect the length of 3'UTR, but competition between
miRNAs arises. The mRNA of SP/ gene has eight and seven BSs for ID00436.3p-miR and ID01030.3p-
miR. The cluster of BSs 38 nt long consists of 19 GU dinucleotides with a length of 3'UTR equal to 5207 nt.

The mRNA of ST8SIA1 gene contains 14 and 12 BSs of ID00436.3p-miR and 1D01030.3p-miR,
which are included in the cluster of BSs of four miRNAs. The cluster consists of 23 GU dinucleotide
repeats, 46 nt long, which is significantly less than the length of 3'UTR equal to 8162 nt. Six and five BSs
of ID00436.3p-miR and ID01030.3p-miR, respectively, were identified in the mRNA of /GF2R gene.
Eight and twelve BSs of ID00436.3p-miR and ID01030.3p-miR, respectively, were identified in the
mRNA of WTI gene.

In addition to ID00436.3p-miR and ID01030.3p-miR, which have BSs with overlapping nucleotide
sequences in mRNA of several genes, we have identified ID00470.5p-miR and 1D02299.5p-miR BSs,
which are also located with overlapping nucleotide sequences in mRNA of /GF2 gene. The first cluster is
located from 2286 nt to 2486 nt, the second from 2520 nt to 2562 nt and the third from 2655 nt to 2695 nt.
All three clusters consist of CA dinucleotide repeats with irregular inserts of C or A nucleotides. The
length of 3'UTR is 3871 nt. ID00470.5p-miR and ID02299.5p-miR have five and six sites in SMAD4
gene, respectively. ID00470.5p-miR has four sites in the mRNA of CARNSI and CCNDI genes, three
sites in EFNBI mRNA and ten BSs in ZEB! mRNA.

The results show that a single gene can be targeted by several alternative miRNAs. One miRNA can
interact with several alternative target genes. On the one hand, such links between miRNA and target
genes significantly complicate the use of associations of miRNA and genes in the diagnosis of the disease.
On the other hand, such associations of miRNA and target genes make diagnosis more reliable, since such
associations are not random and more accurately reflect the contribution of each component to the
development of the disease.

A feature of the miRNA BSs in the 3'UTR mRNA BC candidate genes is their organization into
clusters with the number of sites from two to six. However, in the 3'UTR mRNA of many genes there are
clusters consisting of multiple BSs of one or two miRNAs. These miRNAs can significantly affect the
translation of mRNA of many BC candidate genes, which increases the probability of their influence on
oncogenesis. The associations of ID00436.3p-miR and ID01030.3p-miR with target genes must be used
for early molecular diagnosis of the disease. These genes include BACHI, CDK6, ETSI, IGF2, SFN,
SMAD4, SP1 and ST8SIA1, characterized by the RPKM value from 0.5 to 28.5. Consequently, these
miRNAs can suppress translation regardless of the rate of target genes expression.

Schemes of interaction of nucleotide sequences of BS of miRNA with mRNA candidate genes of
breast cancer in table 2 show how miRNA interacts with mRNA by all miRNA nucleotides. The miRNA
and mRNA interaction schemes clearly demonstrate advantages of MirTarget program over the existing
programs for predicting miRNA BSs with mRNA target genes.
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Table 2 — Schemes of interaction miRNA nucleotide sequences with mRNA BSs of breast cancer candidate genes

IGF2R; ID00436 3p-miR; 8447; -104; 89; 23

5' —GUGUGUGUGUGUGUGUGUGUGUG-3 '
NEARRRRRRERERRRRRRERE

3'-CACACACGCAUAUAUACACACAU-5'

IGF2R; ID01030.3p-miR; 8443; -106; 88; 23
5' —GUUUGUGUGUGUGUGUGUGUGUGU-3 '

LErrrrrrrrr el
3'-CGUACACGUACA-ACACACACACA-5'

SMAD4; ID02299 5p-miR; 7743; -96; 90; 21

5'-CACACACACACACACACACACA-3'
FErrrrrrrrrrrrrr el

3'-GUAUAUGUGUGUACGU-UGUGU-5"

SMAD4; ID00470.5p-miR; 7744; -108; 90; 23

5'-ACACACACACACACACACACACA-3'
LEEETErrrrrr et

3'-UGUGUGUGCGUAUGUGUGCAUGU-5"

WT1; ID00436.3p-miR; 2705; -104; 89; 23
5'-GUGUGUGUGUGUGUGUGUGUGUG-3"
FEEEEEEEr et el
3'-CACACACGCAUAUAUACACACAU-5"

WT1; ID01030.3p-miR; 2705; -108; 89; 23
5'-GUGUGUGUGUGUGUGUGUGUGUGU-3"
CEEEEEErr et el
3'-CGUACACGUACA-ACACACACACA-5"

FOXPI1,; ID01727.5p-miR; 5953; -106; 91; 23

5'-UGUGUGUGUGUGUGUGUGUGUGC-3"
LEEErrr rrr rrrrrrrrrd

3'-ACACACAAACAAACAUACACACG-5"

FOXPI1,; 1ID02882.3p-miR; 5960; -110; 93; 21
5'-GUGUGUGUGUGUGUGCGCGCGU-3"

LEE e rrrrreer 1l
3'-CACUCACACGCACACGCGC-CA-5"

SFN; ID01727.5p-miR; 1203; -106; 91; 23
5'-UGUGUGUGUGUGUGUGUGUGUGC-3"
FEErrrr rrr rrrrrrrrrnd
3'-ACACACAAACAAACAUACACACG-5"

SFN; ID02882.3p-miR; 1210; -108; 91; 21
5'-GUGUGUGUGUGUGUGCGCGCGC-3"
FEE et rrrrrrer 1l
3'-CACUCACACGCACACGCGC-CA-5"

SMAD3; ID01382.3p-miR; 2075; -113; 93; 20

5'-GCCCCGCCCCGCCCeGreee-3"
FEEEErrrr et

3' -CGGGGCGEGGAAGAGCGGGG-5"

TGFBI; ID01382.3p-miR; 2062; -113; 93; 20
5'-GCCCCGCCCCGCCCCGCCee-3"

FEEEEEErrr rrr e
3' -CGGGGCGEGGAAGAGCGGGG-5"

Note: Gene; miRNA; start of binding site (nt); the free energy, AG (kJ/mole); length of miRNA
(nt). The upper and lower nucleotide sequences of mRNA and miRNA, respectively.

The obtained results in this work show that several miRNAs can affect the expression of several
genes and one gene can be target of several miRNAs. For example, ID00436.3p-miR and 1ID01030.3p-
miR have the BSs of the mRNA of FGFR3, FOXPI, SFN and ST8SIA1 genes. Therefore, the use of indi-
vidual miRNA and individual genes for the diagnosis does not give a reliable result. Thus, it is necessary
to control several miRNA associations and the corresponding target genes to identify the contribution of
each association to the development of the disease.

Conclusion. In the mRNA of BC candidate genes, both single BSs of miRNAs and two or more
miRNA BSs organized into cluster were identified. The formation of clusters of BSs leads to competition
between the miRNAs for binding to one mRNA. The identified associations of miRNA and target genes
can be used to develop molecular methods for the BC diagnosis.
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'On-Mapabu ateiHaarsl Ka3ak yITTHIK YHHBEPCUTETIHIH
Buonorus sxoHe OMOTEXHOJIOTHSI MOCeNIeIePiHiH FhUIBIMU-3ePTTEY HHCTUTYThI, AnMmatsl, KazakcraH,
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CYT BE3I KATEP.JII ICII'THIH mRNA KAHTAJATTBI TEHAEPIHIH 3'UTR-1e miRNA
KJIACTEPJIEPIHIH BAUJIAHBICY CAUTTAPBI

Annoranusi. CyT Oe3iHiH KaTepuii iciri oiiengep/iH apachlHAa eH KOl Ke3/IeCeTiH aypy OO0JIbI Ta0bUIa/Ibl HKIHE
ANJIBIH ajla TMarHOCTUKallay SAICTEpiH JaMbITy YIIiH OHKOTEHE3[[IH MHBAa3MBTI €MEC MOJEKYJSIPIbIK MapKepiepiH

—— 4 ——



ISSN 2224-5308 Series of biological and medical. 3. 2019

aHbIKTay Kepek. MEPHK-nap xoHe cyT Oe3iHiH KaTepii iCik KaHANIATTHI TeHAEPiHIH acCOaNMsIIapbl MYHIAH Map-
Kkepiiep perinae 6omysl Mmymkia. MirTarget 6armapiaamacel apkputbl miRNA-1w1H xoHe OipHemre reHaepain MPHK-
MEH e3apa OopeKeTTeCyiHiH cumarramanapsl aHbIKTangsl. MuPHK-HeH Oaitnansicy caiitrapsl MPHK-ma Hyxieo-
TUATIK Ti30eKTepaiH OypKeayl apKbUIbI KJIACTepIIepal KypalThIHBl aHBIKTANAL 3eprrenred redaepaid MPHK-HbIH
3'UTR-me 6ip memece OGipueme MuPHK-npiH kemreren OGaiinmanpicy caitrapel Oomnasl. Kimactepmeri GaiinmanpICy
caifTTapIpIH HYKJICOTHUATIK Ti30exrepi kabarrackanma, MEPHK-asH Oemirinig OipHeme ece TeMmMeHIEyi OOmasbl.
baiinanbicy caliTTapbl THIFBI3ATYbl HOTHKeCiHIe KinacTepae MUPHK-1bIH apackiniarbl OailiaHBICTRIPY YILIiH Oace-
KeJecTik maiina Oonanel, eiTkeHi OipHente MuPHK-nap MPHK-HBIH y3biHABIFBL 25-50 HyKI€OTHATED KIacTEpiHIE
0ip yakpITTa ©3apa opekertece anmaiinel. GU sxone CA munykieotunrep 6ap CD19, CDK6, ETS1, FGFR3, FOXPI,
IGF2R, SFN, BACH] reunepinin MPHK-Hb1H 3'UTR-ze ID00436.3p-miR sxone ID01030.3p-miR MuPHK-znb1H HyK-
JICOTHUATIK Ti30eKTepaiH OypKein OpHaNacKaH KenTereH OainaHbICy calTTapsl 6ap exeHi Oenrimi 6onnsl. CARNSI,
CCNDI, EFNBI, IGF2, SMAD4, ZEBI reunepinin MPHK-ceiana 1ID00470.5p-miR >xene 1D02299.5p-miR-nb1H
OaifmanpIcy calTTapsl KabaTTachln opHanacKaH. KiactepmiH Oapnsik Oaimaneicy caiitrapel CA AHHYKIICOTHATI
Kadtamanapaan typansl. ELK4, FOXPI, SFN reunepinig MPHK-cerma ID01727.5p-miR sxone 1D02882.3p-miR
Oaiinanpicy caitraphl coiikec kemeni. TGFBI, SMAD3 rennepiane ID01382.3p-miR-HBIH TepT peT KalTalaHATHIH
GCCCC mneHTaHYKJICOTUATEH TypaTblH OainaHbicy caliTTapsl 6ap. Hotmxenep Gip reH OipHemie anpTepHATHBTI
MuUPHK-nb1H HBICaHBICH 00IyBI MYMKiH ekeHmiriH kepcereai. ID00436.3p-miR »xone ID01030.3p-miR Hrpicana
TeHAEPIMEH accolMalMsIapAbl aypyOblH AJIIbIH ajla MOJEKYNalbIK JUAarHOCTHKACHI YIIIH YChIHyFa Oomansl. by
accoumanusiiapra BACHI, CDK6, ETSI, IGF2, SFN, SMAD4, SP1, STSSIAI rennep xipeni. CARNSI, CCNDI,
EFNBI, IGF2, SMAD4, ZEBI npicana rennepain sxoHe ID00470.5p-miR men 1D02299.5p-miR acoumnanusuiapast
aypYy/AbIH aJ/IbIH ajla MOJIEKYJIaJIBIK AUAarHOCTHKA YIIIH MaiilallaHyFa YCHIHBLIa b
Tyiiin ce3gep: miRNA, mRNA, kiactep, HplcaHa r'eH, cyT Oe3iHiH KaTepJi iciri.

A. E. AﬁCI/IHal, P.E. Hnmonal, III. A. ATaMGaeBal, E. H. I/IMHHI/ITOBZ, A. T. UBamenxo'

'HayuHo-Hcc1e10BaTeNbCKUit MHCTUTYT PO6IIeM GHONOTHH 1 GHOTEXHONOTHH,
Kazaxckuil HaMOHaIBHBIA YHUBEpCUTET UM. alb-Dapadbu, Anmarsl, KazaxcraH,
*JTaGopaTopHs HALMOHANLHOTO MEMIMHCKOTO HCCIIeI0BATELCKOTO IeHTpa onkosiorku um. H. H. Tletposa,
Cankr-IlerepOypr, Poccust

KJIACTEPBI CAUTOB CBSI3BIBAHUSI miRNA B 3'UTR mRNA
KAHJIUJATHBIX TEHOB PAKA MOJIOYHOM KEJIE3bI

AHHoTanus. Pak MOIIOYHOMN KeJe3bl SABISAETCS CaMBbIM PACIPOCTPAHEHHBIM 3a00JIEBAHHUEM CPEAH KCHIIHH U
JUTS pa3pabOTKH METOIOB PaHHEH TUArHOCTHKU HEOOXOJUMO BBISBICHHE HEMHBA3UBHBIX MOJICKYJISIPHBIX MapKepOB
oHKoreHeza. TakumMu MapkepamH MOTYT CiIyKUTh accounannd miRNA u xangupnatHeix renoB PMOK. Xapakre-
puctuku B3aumozeiictBusi miRNA ¢ mRNA HeckonbKMX T€HOB OBLIM NpEICKa3aHbl C IOMOIIbIO ITPOrPaMMBbl
MirTarget. YcraHoBiieHO, 4TO caiiThl cBsi3biBaHKs MIRNA Moryt pacrnonararscst B mMRNA ¢ HajoXeHHEM HYKJIEO-
TUJIHBIX IIOCIIEAOBAaTENbHOCTEH, 00pasysl KilacTephl CaiToB cBsi3biBaHMA. V3yueHHble reHsl comepkanu B 3'UTR
mRNA MHOXECTBCHHBIC CaWTBI CBS3bIBaHUA OAHOH U Oonee miRNA. [Ipu HaNOXKeHUN HYKICOTHUIHBIX ITOCIIEIOBA-
TENPHOCTEH CalTOB CBS3BIBAHMSA B KJIACTepe INPOWCXOAUT MHOTOKPAaTHOE YMCHBIICHHE 3aHIMAaeMOW WMH IOJH
mRNA. B pe3ynprare KOMIIaKTH3aIlH CAalTOB CBA3bIBaHUA MeXay MiRNA BO3HUKaeT KOHKYpPEHIIHUA 32 CBS3BIBAHHE
B KJIacTepe MOCKOJIbKY HecKojbko miRNA He MOryT oHOBpeMeHHO B3auMojeicTBoBaTh ¢ MRNA B kiactepe 1uiu-
HoW 25-50 mykneotnnos. Besienenst ID00436.3p-miR u ID01030.3p-miR, umeromnmne MHOKECTBEHHBIE CAalTHI CBSI-
3BIBaHUS C HAJIOKEHHEM HYKJICOTHIHBIX TocienoBaTensHocTer B ygacTkax 3'UTR mRNA, comepxamux MHOXECT-
BeHHbIe TIOBTOpH! MuHYKIeoTHI0B GU u CA renos BACHI, CDI19, CDK6, ETSI, FGFR3, FOXPI, IGF2R, SFN,
SP1, ST8SIAI, WT1. Ycranosnensl ID00470.5p-miR u 1D02299.5p-miR, caiiThl CBSI3bIBaHHS KOTOPBIX TOXKE PacIo-
JIO)KEHBI C HAJIO)KEHHWEM HYKJIEOTHAHBIX mocienoBaTenbHocteid B mRNA renoB CARNSI, CCNDI, EFNBI, IGF2,
SMAD4, ZEBI. Bce caiiTl CBsI3bIBaHUS KjlacTepa cocTosAT U3 noBTopoB CA nmunykneoruzaa. ID01727.5p-miR u
ID02882.3p-miR mumeroT coBmagaromue caitel cBsi3biBanus B MRNA renos ELK4, FOXPI, SFN. ID01382.3p-miR
MMeeT callThl cBs3bIBaHUs B reHax TGFBI, SMAD3, cocrosiiye u3 yeTbipex NoBTopoB nenranykieoruga GCCCC.
[MomyueHHbIE pe3yNbTaTHl MOKA3BIBAIOT, YTO OJMH TE€H MOXET OBITh MHIICHBIO HECKOJNBKHX ANbTEPHATHBHBIX
miRNA. A oxaa miRNA MoxeT B3aMOACHCTBOBATH C HECKOJNBKAMH AIbTEPHATHBHBIMHA T€HAMH MHUIICHIMH. ACCO-
muanuy [D00436.3p-miR u ID01030.3p-miR ¢ renamu MumeHsIMu IpeayaracTcs MCIONb30BaTh JJIs PaHHEH MoJe-
KyJSApHOH AMAarHOCTHKH 3a0oJneBanus. B st accoumarm Bxonsat reusl BACHI, CDK6, ETSI, IGF2, SFN, SMAD4,
SP1, ST8SIA1, Accormannu 1ID00470.5p-miR u 1D02299.5p-miR ¢ renamu mumensmu CARNSI, CCNDI1, EFNBI,
IGF2, SMAD4, ZEB1 pekoMeHTyeTCs HCIIONB30BaTh ISl paHHEH MOJEKYJISIPHON AUAarHOCTUKU 3a00IeBaHUs.

Kiarwuennie cioBa: miRNA, mRNA, knacrep, reH-MHUIICHD, paK MOJIOYHOH JKEJIe3bI.




News of the National Academy of Sciences of the Republic of Kazakhstan

Information about authors:

Aisina Dana Evgenyevna, PhD student, al-Farabi Kazakh National University, SRI of Biology and Biotech-
nology Problems, Almaty, Kazakhstan; dana.aisina03@gmail.com; https://orcid.org/0000-0002-7137-3408

Niyazova Raigul Yesengeldievna, c.b.s., professor, al-Farabi Kazakh National University, SRI of Biology and
Biotechnology Problems, Almaty, Kazakhstan; raygul.nyiyazova@kaznu.kz; https://orcid.org/0000-0002-7946-1189

Atambayeva Shara Alpysbayevna, c.b.s., professor, al-Farabi Kazakh National University, SRI of Biology and
Biotechnology Problems, Almaty, Kazakhstan; shara.atambaeva@kaznu.kz; https://orcid.org/0000-0001-7189-3115

Imyanitov Evgeniy Naumovich, d.m.s., professor, member of corr. of RAS, Head of laboratory of National
Medical Research Center of oncology named after N. N. Petrov, Saint-Petersburg, Russia;
evgeny(@imyanitov.spb.ru; https://orcid.org/0000-0003-4529-7891

Ivashchenko Anatoliy Timofeevich, d.b.s., professor, al-Farabi Kazakh National University, SRI of Biology
and Biotechnology Problems, Almaty, Kazakhstan; a_ivashchenko@mail.ru; https://orcid.org/0000-0002-7969-2016

REFERENCES

[1] DeSantis C.,Ma J., Bryan L., Jemal A. Breast cancer statistics, 2013 // C.A. CancerJ. Clin. 2014. Vol. 64, N 1.
P. 52-62. doi:10.3322/caac.21203

[2] Malla R.R., Kumari S., Gavara M.M., Badana A.K., Gugalavath S., Kumar D.K.G.,et al. A perspective on
the diagnostics, prognostics, and therapeutics of microRNAs of triple-negative breast cancer // Biophys Rev. 2019. Vol. 11, N 2.
P. 227-234. doi:10.1007/512551-019-00503-8

[3] Aisina D.E., Niyazova R.E., Atambayeva Sh.A., Imyanitov E.N., Ivashchenko A.T. Features of miRNA binding with
mRNA of candidate genes of breast cancer subtypes // Experimental biology of al-Farabi Kazakh National University. 2017.
Vol. 4, N 73. P. 52-66.

[4] Aisina D.E., Ivashchenko A.T., Niyazova R.E., Atambayeva Sh.A. Characteristics of interaction of miRNA with mRNA
of genes of E2F transcription factors family / News of the National academy of sciences of the Republic of Kazakhstan. Series of
biological and medical. 2017. Vol. 2, N 320. P. 131-137.

[5] Ivashchenko A.T., Niyazova R.E., Atambayeva Sh.A., Pyrkova A.Yu., Aisina D.E., Yurikova O.Yu., Kondybayeva A.,
Akimniyazova A., Bayzhigitova D., Bolshoy A.A. miRNA: achievements, misconceptions, perspectives // News of the National
academy of sciences of the Republic of Kazakhstan. Series of biological and medical. 2018. Vol. 4, N 328. P. 36-46.

[6] Chang J.T., Wang F., Chapin W., Huang R.S. Identification of MicroRNAs as Breast Cancer Prognosis Markers through
the Cancer Genome Atlas // PLoS One. 2016. Vol. 11, N 12. P. e0168284. doi:10.1371/journal.pone.0168284

[7] Bartel D.P. Metazoan MicroRNAs // Cell. 2018. Vol. 173, N 1. P. 20-51.

[8] Londin E., Loher P., Telonis A.G., Quann K., et al. Analysis of 13 cell types reveals evidence for the expression of
numerous novel primate- and tissue-specific microRNAs // PNAS USA. 2015. Vol. 112. P. 1106-1115.
doi:10.1073/pnas. 1420955112

[9] Mortazavi A., Williams B.A., McCue K., Schaeffer L., Wold B. Mapping and quantifying mammalian transcriptomes
by RNA-Seq // Nature Methods. 2008. Vol. 5. P. 621-628. PMID 18516045

[10] Ivashchenko A.T., Pyrkova A.Y., Niyazova R.Y., Alybayeva A., Baskakov K. Prediction of miRNA binding sites in
mRNA // Bioinformation. 2016. Vol. 12. P. 237-240.

[11] Imanbayeva A.A., Belozerov LF., Ishmuratova M.Yu. Using of computer programm «bd-plant-kz» for cadastral
registration of plants of the natural flora of Kazakhstan // News of the National academy of sciences of the Republic of Kazakh-
stan. Series of biological and medical. 2018. Vol. 6, N 330. P. 20-29. https://doi.org/10.32014/2018.2518-1629.13

[12] Leontis N.B., Stombaugh J., Westhof E. The non-Watson-Crick base pairs and their associated isostericity matrices //
Nucleic Acids Research. 2002. Vol. 30. P. 3497-3531. PMID: 12177293

[13] Lemieux S., Major F. RNA canonical and non-canonical base pairing types: a recognition method and complete
repertoire // Nucleic Acids Res. 2002. Vol. 30. 4250-4263. PMID: 12364604

[14] Kool E.T. Hydrogen bonding, base stacking, and steric effects in DNA replication / Annual Review of Biophysics and
Biomolecular Structure. 2001. Vol. 30. P. 1-22. doi:10.1146/annurev.biophys.30.1.1

— 26 ——



ISSN 2224-5308 Series of biological and medical. 3. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 3, Number 333 (2019), 27 — 38 https://doi.org/10.32014/2019.2519-1629.28

K. Saparov, S. Aken, A.Aitenova, Zh. Olzhabayeva, D. Turlybekova

Kazakh national university named after al-Farabi, Almaty, Kazakhstan.
E-mail: saparov42@mail.ru

ULTRASTRUCTURE OF THE LUNGS OF VERTEBRATES
IN HABITING MOUNTAIN AND STEPPE ZONES

Abstract. This article describes the features of the ultrastructure of the lungs of vertebrates belonging to
different biotopes. Due to the habitat in the fine structure of the lung tendon spines (amphibians, reptiles, small
mammals), significant differences were detected by electron and scanning electron microscopy. In the study of light
amphibians living in various biotopes, the presence of "living" formations and "mixed" cells was observed. In
addition, type I pneumocytes predominate, and type II is rarely common. Amphibians (tailed frog) living in the
steppe zone actively excrete mixed cells in the lungs, and in amphibians living in mountainous areas (the Central
Asian salamander), such an active secretion does not take place. When studying with the help of electron microscopy
of the ultrastructure of light reptiles living in various biotopes, it was observed that the nuclei of the first type of
pneumocyte of the oval form and large. Type I of pneumocytes occupies a large number of respiratory epithelium
and is involved in the creation of the air-circulating membrane. In reptiles (thyroid snake) living in the steppe zone,
there were well observed "bubbles" in type I of pneumocyte. Using electron microscopy of small mammals, I and II
types of alveolocytes contained in the respiratory epithelium are distinguished. The form of alveolocytes type II is
diverse, the nucleus is hyperchromic, and a complex of surfactants is found. This article presents morphometric
studies of the adaptation of animals of different habitats depending on their habitat, thickness of air-blood
membranes.

Key words: lungs, pneumocyte, alveolocyte, biotope, electron microscope, scanning electron microscope,
vertebrate.

1. Introduction. The ultrastructure of adaptive reactions of the lungs has not yet been studied. In the
process, an ultrastructural description of the adaptive reactions of the respiratory part of the lungs when
exposed to various external environments is given. The subtle morphofunctional mechanism of the
reciprocal-profile reactions found in this work helps to better understand the adaptation of the lungs to
various environmental conditions.

Designed to determine the ultrastructure and environmentally established features of structural and
functional transformations occurring in the lungs of animals of various environmental specializations,
ultrastructures and environmentally defined features of the adaptation of the lungs to various
environmental factors of the respiratory part of one mammal and amphibian species. The relationship
between the organism and the environment manifests itself in various adaptive reactions of animals, while
manifestations of morpho-functional or behavioral flexibility depend not only on the environment, but
also on the characteristics of the organization of the animal. With functional load, the degree of morpho-
physiological maturity of the organism, organ systems, and organs as a whole is most pronounced. Adap-
tation reserves of the respiratory organs during an increase in physical activity or hypoxia of represen-
tatives not only of different groups of animals, but of the same species, of different age, physical condi-
tion, etc., are significantly different. In reptiles, there are primitive air bags that are a continuation of the
lungs and contribute to easier conversion of gases. The sharp growth of the respiratory surface due to the
formation of many small bronchioles, alveolar sacs and alveoli, the improvement of respiratory motility,
especially during flight, dramatically increases the intensity of gas exchange in birds and is an aromatic
transformation.
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The energy supply of living organisms is due to the combination of oxidation reactions occurring in
all living cells. Animals belonging to aerobic organisms use free oxygen for breathing. The free source of
oxygen is air and water. Oxygen in the air is used by animals living on land. In connection with the
adaptation-regulatory mechanisms of animals living on land, the habitat is diverse, and there are structural
features of the organs, thanks to adaptation to the habitat. For example, due to insufficient oxygen content
in animals living in mountainous areas, the ultrastructure of the lungs has ultrastructural differences
compared to the lungs of animals living in the steppe zone.

2. Materials and research methods. To study the ultrastructure of lungs of vertebrates belonging to
different biotopes on land, the following animal representatives were taken. The tailed frog, the Danatin's
toad, the Central Asian salamander were taken from amphibians, the Gloydius halys, fast lizard, the viper,
the Ablepharus from the reptiles, and the northern red-backed vole, the rabbit from small mammals. To
study the ultrastructure of cells using electron microscopy, a very thin piece of material is produced.
Initially, the material is fixed, dehydrated, injected liquid polymers and cut through ultratome. To obtain
thin pieces of tissue are fixed in two stages in a volume of 1.0-1.5 ml. Initially contained in 0.15 M
phosphate buffer in a 2.5% glutaraldehyde solution and kept in phosphate buffer in a 1% OsO4 solution in
a refrigerator at + 40 °C. The material is washed from phosphate fixative in buffer, dried in the refrigerator
for 20 minutes at concentrations of 50-96% alcohol, followed by drying, and drying in 100% alcohol at
room temperature for 20 minutes. To obtain rigid and elastic pieces (block) for cutting on an ultratome,
polymer epoxy resin (Araldite, Epon) or water-soluble mixtures are used. The process of filling the
material in epoxy resin takes 1-2 days. The polymerisation of the blocks is maintained in a thermostat of
600 °C for 48 hours. The end of the block is honed in the form of a pyramid. From the tip of the pyramid
on the ultratome very thin segments are obtained with the help of a glass knife. Cuts 300-350 A0 are
placed in electroplating grids covered with porcelain film [25].

For research at a comparative morphological level, lungs of amphibians, reptiles, and mammals
living in various biotopes were selected. The animals were kept in the steppe and mountainous areas of
the Almaty region (Balkhash, Raiymbek areas, Mountain Turgen valley at an altitude of 2800 m above
sea level). For the study of the lungs by histological methods, small particles are placed in the whole
attachment. 10% neutral formalin was used as a fixative. After separation of the segments with a thickness
of 3-5 um from the paraffin, hemotoxylin-eosin and van gieson are painted. To study the lung sections
using an electron microscope, they were fixed for 2.5 hours in 2.5% glutaraldehyde (pH 7.4 - 7.6) and
2 hours in 1% osmic acid solutions. Then treated with ethanol and acetone and poured into epon (812).
Morphometric studies were carried out from electron diffraction patterns, statistical processing was
carried out using Student's method (G. Lakin, 1990). Delicate cuts were treated with uranyl acetate and
lead citrate (Reynolds method). Thin sections were investigated and photographed on an electron
microscope computer-100L. For a scanning electron microscope study, pieces of the lungs (5x3x3 mm)
were processed through alcohols and acetone with dehydration, then dried. The pieces were studied in the
raster mode of the Super - probe 733 instrument of an accelerated gold electronic microanalyzer. Samples
were enlarged to 800-4000x and photographed [3].

3. Research results and discussion. In the study of the respiratory epithelium of caudate amphi-
bians (Amphibia), including the tailed frog (Listotritonn vulgaris) living in the steppe zone, under an
electron microscope, hyperplasia of very rare mucous cells is observed in its structure. Such cells have a
large volume, a pronounced layer of the nucleus, and chromatin in large quantities occupies the outermost
layer of the nucleus. The central and extreme parts of these cells are filled with dense electronic small
mucous membranes. In addition, there are “mixed” cells, rich in many mucous granules and having single
osmiophil bodies. The granules are synthesized, in addition to the perikaryon zone, and in the peripheral
parts of the cell. Membranes of the endothelium and epithelium are not connected in the air-blood (air-
hem) zones. The thickness of the air-circulatory system is quite significant.

Thanks to the research conducted using a scanning electron microscope, an active tapping of mucous
cells was detected. A smooth spherical structure appears on the upper surface of the central and peripheral
sides of the pneumocytes. Most of the "mixed" cells indicate that the juice is actively secreted, which
indicates a multitude of formations on its upper surface. It was shown that in many secret cells there exis-
ted the last phase of juice extraction.

— 28 ——
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A representative of caudate amphibians of the Central Asian salamander (Ranodon sibiricus) living
in mountainous areas, living under hypoxia and water temperature (+8 — + 120C) and air temperature
(+12 — + 200C), the volume of the respiratory part of the lung is greater than that of the tailed frog, and
the air-blood membrane, which facilitates the diffusion of gases, is much thinner. The reason for this is a
combination of the main membranes of the endothelium and epithelium in some parts of the air-
circulatory system. Type II pneumocyte and the number of mucous cells is seen very little compared with
the tailed frog. In the respiratory part of the lungs of the Danatin's toad, dwelling in the steppe zones, sets
of imperfect pneumocytes of type Il were observed, which are closely spaced to each other. The nuclei of
these cells are large, long, and the shell of the nucleus is smooth, sometimes cut, and the collected
chromatins are located on its edges (figure 1 — the Danatin's toad (mountain zone)).

Figure 1 — Danatin's toad (mountain population).
The shell structure of the surfactant (SF) in the area of respiration of the lungs. X 1600

Cytoplasm of II type of well mature pneumocytes is filled with large osmophilic layered bodies and
evenly layered substances. Due to the fact that some of them are free, they are also electron-transparent. In
dense electron cytoplasm, many mitochondrial edemas are filled with obscure endoplasmic reticulum
tubes that are little-known, and tightly packed with membranes.

In the study with a scanning electron microscope, a large number of small cones were observed on
the upper (terminal) surfaces of types Il and type I of pneumocytes. Small bumps help maintain a yurt-
shaped surfactant structure in the respiratory part of the lungs.

There are type II pneumocytes with imperfections and release of active juices on the upper surface.
Studies using an electron microscope showed that a slight manifestation of type Il pneumocytes is
observed in the mountainous area in the respiratory part of the lungs of the Danatin's toad. In the cyto-
plasm of these cells there is a small number of osmiophil bodies containing homogeneous compaction
substances. The dense electron cytoplasm contains numerous tubes and ribosomes of the granular endo-
plasmic reticulum. Matrix mitochondria with low electron density are located under the nucleus.
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As part of the respiratory epithelium of reptiles living in the steppe zone, including the fast lizard
(Eremias velox), it is clear that type II pneumocytes, which synthesize the surfactant complex, are
significantly concentrated. Euchromatin, which has a layer of nucleus type II pneumocytes, has a large
volume. In addition to osmiophil layered bodies, the cytoplasm contains tubes of the endoplasmic reti-
culum, dense matrix mitochondria of oval origin, a well-mature Golgi complex, free ribosomes and poly-
ribosomes. The main membrane of the air-blood system consists of homogeneous fibrous components, as
in combination with a combination of epithelium and endothelium.

Figure 2 — Danatin's toad (mountain population). Flat and convex apical surface of pneumocytes type I.X 1600

It is noted that high-speed necks are "layer" networks, which reduce the length of the air-blood
barrier and therefore reduce the loss of moisture in the respiratory part of the lungs. There were observed
small pinocytosis vesicles involved in the transudation of gases and fluids of epithelial cells of the
respiratory surface and vascular endothelium cells.

When studying using the electron microscope of the steppe viper and the thyroid snake (Gloydius
halys) living in the steppe zone, hypertrophy of surfactant kecheen was observed. In this case, there is a
large number of "mixed" cells, forming a fragile structure, similar to type II pneumocytes and mucous
cells. These cells have a different shape of the nucleus, an increased content of chromatin, the dismem-
berment of the perinuclear space, a large number of ribosomes are observed in the inner membrane of the
nucleus. Among the large osmiophil bodies there are electron dense mucous granules. Small osmiophilic
matrix mitochondria are observed in the cytoplasm. It is believed that under conditions of moisture
preservation in the respiratory part, the mucoid structure can enhance the synthesis of surfactant. In the
cytoplasm of epithelium cells and the endothelium of the blood necks, small pinocytosis vesicles and
layers of the air-circulatory system are observed.

Microscopic examination of the respiratory epithelium of the Ablepharus alaicus (A4blepharus
alaicus) living in the mountainous regions did not show a decrease in type II pneumocytes. However, due
to the fusion of the main membrane of the respiratory epithelium and the membrane of the endothelium, a
thinning of the air-vascular membrane was observed and an increase in the length of the respiratory
surface was observed due to the swelling of the loop of throat grids.




ISSN 2224-5308 Series of biological and medical. 3. 2019

A small number of type II pneumocytes and “mixed” cells were observed in the respiratory epithe-
lium of the shield-mord, belonging to the order of snakes living in highlands. In the cytoplasm of type 11
pneumocytes, there are very few osmiophilic layered bodies (figure 3 — a thyroid snake (mountainous
region)). In the lower part of the nucleus, such bodies are located above the main membrane. In the
cytoplasm of “mixed” epithelium cells, small osmiophilic puffed bodies and mucous granules were
observed.

Figure 3 — A thyroid snake (mountainous region).
The second type of pneumocytes with single osmophilic bodies.X7000

At the end of the bronchi, opposite to the mammalian alveoli, the structures in which gas exchange
takes place and called the alveoli, open into the air cavity of the lungs. On close inspection, the lung
structure is determined by internal protuberances and partitions resembling a sponge in cross section. Of
great importance is the general anatomy of the turtle's lower respiratory tract.

Gas exchange in turtles occurs through various ways of passing gases through breathing. It depends
on the type of differences, as well as on whether it is an aquatic or terrestrial turtle. Inhalation and exha-
lation are generally active processes [5].

Studies using a scanning electron microscope revealed a cluster of yurt-shaped surfactant as part of
the respiratory part of reptiles (fast lizard, viper, thyroid snake) living in steppe zones. In addition to the
secretion of the surfactant, the mucous secretion of the small mucous membrane was observed on the cell
surface. The peculiarity of the respiratory part of the lungs is the presence of “layers” in its composition,
which reduce the length of the air-blood barrier of throat grids (figure 4 — the thyroid snake (steppe
zone)).
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Figure 4 — The thyroid snake (steppe zone).
The network of "folded" capillaries. Respiratory department. X200

In the study of the pulmonary epithelium of reptiles living in mountainous areas with a scanning
electron microscope, a small surfactant structure was observed. In the sets of pneumocytes, activity of the
secret was not observed. All surfaces of type Il pneumocytes are covered with small bumps. One of the
features of the respiratory epithelium is swelling in the form of “leaflets” of the shape of hooks of capil-
lary networks. The narrowing of the air-blood barrier allows you to separate the contours of red blood
cells inside blood vessels. All of these structures increase the volume of the respiratory surface of reptiles.

Studies performed with an electron microscope have shown that the nucleus of the first type of
alveolocytes contained in the respiratory epithelium of small mammals has a large contour of the shell of
the nucleus. Completed chromatins are grouped in the envelope of the nucleus and karyoplasm. In the
electron dense cytoplasm, small osmiophil mitochondria, endoplasmic mesh tubes, free ribosomes and
polyribosomes are located.

The general division of alveolocytes occupies a large number of respiratory epithelium.

The form of alveolocytes type II is diverse, the nucleus is hyperchromic. Perinuclear space is
cramped. In the cytoplasm of the tube, the granular endoplasmic reticulum and matrix are large white
mitochondria and many osmiophilic layered bodies are free, some are filled with osmiophilic substances.
Small vesicles were observed, such as bubble vesicles covered with membranes. The central and peri-
pheral compartments of the alveolocytes are covered with many small buds. Endothelium blood cells have
a large nucleus, one occurs, sometimes two nuclei. Completed chromatins are located on the edges of the
nuclei. The core of the nucleus is a zigzag, deep invagination of the karyoplasm. The endothelium of the
blood vessels has a large number of small pinocytosis vesicles. The core of the alveoli macrophage has a
different shape. From their cytoplasm, it is possible to determine secondary, sometimes the first types of
lysosomes involved in the process of decomposition of osmiophil granular substances.

— 3 ——
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According to the data of comparative studies of small mammals living in steppe zones carried out
with the help of electron microscopes, hypertrophy of surfactant was observed in this connection. The
whole cytoplasm of alveolocytes of the common vole (Microtus arvalis Pallas), inhabiting the steppe
zone, is filled with large and small osmiophilic folded bodies containing osmiophil substances (figure 5 is
the common vole). The peculiarity of the respiratory part of the lungs of mammals living in the steppe is
the “folding” of their networks of capillaries, in connection with this slowing down of some cells (alveoli)
and reducing the process of evaporation of moisture through the respiratory surfaces of the lungs.

Figure 5 — Common vole. Type II alveolocytes with osmiophilic plates (OPD).X 14000

The absence of hypertrophy of the surfactant complex — the difference of mammals in the steppe
zones (common vole) from type II alveolocytes in the respiratory part of the lungs of the Tien Shan
ordinary vole (Clethrionomys centralis Miller), living in the mountainous area. In addition, the main
difference in the study of submicroscopy is a narrowing of the air-blood barrier and an increase in the
volume of respiratory surfaces. The connection of the main membranes of the endothelium and epithelium
among themselves. Epithelial cells of the blood necks are devoid of organs, turned into a dense electron
table (figure 6 — Tian-Shan vole).

Morphometric studies have shown that the thickness of the air-blood membrane of animals living in
various biotopes depends on their habitat (table 1 — thickness of the air-blood (aeroheme) membrane of
some vertebrates (nm)).
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Figure 6 — Tien-Shan vole.
Toned aerohematomatic membrane system (AGMS).
Fusion of capillary endothelium with epithelial basement membranes.X 9000

B Mountain zone

B Steppe zone

Table 1 — The thickness of the air duct (airgel) of some vertebrates (nm)
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In the study of the respiratory part of the lung of rabbits with limited movement, an I type of alveolo-
cytes with serpentised envelope of the nucleus and a hyperchromic nucleus was observed under an
electron microscope. The cytoplasm contains short tubes of the endoplasmic reticulum, small mito-
chondria, ribosomes, and narrow fibers. The surface of type I alveolocytes is not smooth. In the peripheral
part there are small organelles and ribosomes. The main membrane is relaxed and in some compartments
they are connected to the main membranes of the endothelial cells. However, it is not noticeable that the
clearly marked air-roof barrier has thinned. In most cases, longitudinal fibroblasts are located between the
epithelium and the endothelium of the blood inlets. The nucleus of type II alveolocytes is large, it contains
a large number of chromins, the shape of the shell of the nucleus is zigzagged. Cytoplasm is often rich in
dense matrices and crystals, elongated mitochondria, granular endoplasmic mesh tubes, empty ribosomes
and polyribosomes. Not so many osmiophilic layered bodies. In the cytoplasm of macrophages in the al-
veoli, in addition to small first lysosomes, there is a second type of lysosome with osmiophilic layered
substances.

When studying the respiratory compartment of Desert hare’s lung that is in constant motion with the
electron microscope, it has been found that the compartment contains type I of large nuclear alveolocytes,
which occupy most of the perikaryon cytoplasm zone. There are chromatins collected along the edges of
thin nuclear envelope, and euchromatins are found in large quantities. The invagination of nuclear enve-
lope has been observed, the perinuclear space is narrow. On the cytoplasm tubes of the rough endoplasmic
reticulum filled with cotton fibers, and numerous ribosomes are located. Elongated cytoplasmic forma-
tions are observed on the surface of the plasmalemma’s terminal parts. The main membrane of alveolar
type I cells is connected to the main membrane of the endothelium. The nucleus of type 11 alveolocytes is
not in the correct form, and chromatin is densely located. In the cytoplasm large mitochondria are obser-
ved, in which there are often electron dense crystals of the matrix. Most of the cytoplasm is filled with an
osmiophilic layered structure containing electronic transparent substances. Some layered structures are
osmiophilic and homogeneous. The location of these bodies on the terminal and main surfaces of the
plasma membrane shows that the secretion process is actively going into the space of the alveoli, as well
as into the space of the blood capillaries. Active synthesis of surfactant indicates the presence of phago-
cytic osmiophilic layered bodies in large quantities in the alveolar macrophage’s cytoplasm.

The endothelial cells of the blood capillaries of type II alveolocytes’ main membrane have a large
nucleus, in the cytoplasm ribosomes in large quantities and their connection with the alveoli’s surfaces are
observed. The interstitial space is narrow.

These studies have shown that adaptive responses of animals — amphibians, reptiles, mammals,
belonging to different species or one species, living in different biotopes, are associated with their habitat.
It has been proved that the adaptive reaction is associated with the harmonious flow of surfactant
synthesis and the structure of pulmonary capillaries.

4. Conclusion. When viewing adaptation reactions of caudate amphibians’ representative — the tailed
frog living in the steppe zones, at the ultrastructural level, it has been found that the presence of mucous
cells and hyperplasia of “mixed” cells similar in structure to type Il pneumocytes and mucous cells pre-
vent the disappearance of moisture. Many small buds were observed on the upper surface of the cell.
Acceleration of secretion formation from the mucous and “mixed” cells has been proved by scanning
electron microscope.

The complex of surfactants and the synthesis of mucus of pneumocytes of type II, contained in the
epithelium of the Danatin's toad dwelling in the steppe zones, manifests the effects of adaptation reac-
tions. In addition, an increase in the "folds" of blood capillaries helps to reduce the loss of endogenous
liquid substances from the respiratory part of the lungs.

A decrease in the number of pneumocytes of type II of the Danatin's toad living in the mountain zone
is observed. In addition, an insignificant amount of osmophilic layered substances was observed in the
cytoplasm of these cells. The air-blood system has become thinner. Its thickness at the Danatin's mountain
toad is narrow compared to the Danatin's toad living in the steppe zone (628.4£11.5 and 1120.2+20.5 nm,
respectively, P <0.001).

The peculiarities of the adaptation of the lungs of reptiles of the steppe zones to the external environ-
ment are the main factors due to the absence of moisture loss of the respiratory surfaces of the lungs and
the powerful synthesis of surfactant. In addition, hypersecretion of the mucous components of "mixed"
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cells and an increase in the interstitial layers of the vascular network, reducing the length of the respi-
ratory surfaces contributes to the preservation of endogenous fluid. In addition to reducing the production
of surfactant reptiles in the highlands, we are seeing a narrowing of the air-circulatory system and an
increase in the respiratory surfaces of the lungs. For example, it has been established that the air-circu-
latory membrane system of a shield-mord living in a mountainous area is narrowed in comparison with a
shield-ear of a steppe zone (475.4 = 8.7 and 757.8 = 14.14 nm, respectively, P <0.001).

The peculiarities of ultrastructure of the lungs of vertebrates belonging to different biotopes are
determined by their habitat, which is confirmed by electron microscopy and scanning electron micro-
scopy. During the study of light amphibians living in various biotopes, “fence” structures and “mixed”
cells, numerous type I pneumocytes and number II type pneumocytes were found. In addition, it is known
that mixed cells of the tailed frog living in the steppe zone secrete secretion, while such secretion is absent
in the Central Asian salamander living in the highlands.

In the study of ultrastructure of the lungs of reptiles using electron microscopy, it was observed that
the nucleus of a type I pneumocyte are oval in shape, they are large. In the lungs of the thyroid snake
living in the steppe zone, the phenomenon of "foaming" was well observed. Using electron microscopy of
small mammals, I and II types of alveolocytes contained in the respiratory epithelium are distinguished.
Type I alveolocytes have a diverse form, the nucleus is hyperchromic and there is a complex of surfac-
tants. In this article, morphometric studies are clearly expressed, which show that the thickness of the air-
blood membrane of animals with different habitats depends on their habitat.

K. 9. Canapos, C. E. Oxen, A. M. OiiTeHoBa,
K. b. Omxadaea, /1. JI. TypabioexoBa

On-Oapabu ateiHnarsl Kazak yiTTeiK yHEBEepcuTeTi, AnMatsl, Kazakctan

TAYJIbI )KOHE JAJIA AUMAFBIHJIA TIPHILIIK ETETIH
OMBIPTKAJIBLJIAP/IBIH OKITEJIEPIHIH YJIbTPAKYPbBIJIBIMbI

AnHotanus. bepinren Makanana op Typ:i OHOTOIKA jKaTaThlH OMBIPTKAIBUIAPABIH OKIEJIEPiHiH yIbTPaKyphl-
JBIMIAPBIHBIH €PEeKUICTIKTepl JKaiibl jKa3bulraH. TipHIUTK eTy opTackiHa OalIaHBICTHI KYPFAKTarbl OMBIPTKAJIbI-
napjbH (ambuousap, 6ayblpMEH JKOpFrajaylllbuiap, YCaK CYTKOPEKTUIEP) OKIEIepiHiH HO31K KYpPbUIBIMBIHIA aii-
TapJIbIKTal ©3TeIleIIiKTep JIEKTPOHIBI )KOHE CKaHIbl AJICKTPOHABI MUKPOCKOIHUS apKbUIbl aHBIKTAJIFaH. Op TYpdi
OuoronTapaa MeKeHAEHTIH aMpuOUsIIapablH eKNeIepid 3epTTey OapbIChiHAA «mapOaK» Tapi3li KYpbUIBIMAAp MEH
«apaJyiac» KJIETKaIapIblH Ke3aeceTinmiri Oarkannel. CoHpIMEH Kartap, mHeBMoruTTepaiy I Typi O6ackM, an Il Typi
cupek Tapanrad. Jlajmamel aiimMakra MekeHIEHTIH amduOusmap (KyHpBIKTEI 0aka) eKHelepiHAe apajac KieTKaiap
Oencenmi Typae cekper Oeleni, an Tayibl aiiMakTapaa MeKeHAeHTiH ampudusutapaa (JKericy askTel Oanbirer) OyH-
naii OelceHAl ceKpemus OpbIH alMalibl. Op TYpii OMOTONTapAa MEKEHACHTIH OaybIpMEH >KOPFalayIIbUTBIPIBIH
OKIEeNEepPiHiH YIbTPAKYPBUIBIMAAPBIH 3JIEKTPOHABI MHUKPOCKONHS apKbpUIBl 3€pTTereH/Ae IMHEBMOIMTTIH | TypiHiH
SIIPOJTAPBIHBIH, COMAKIIa MiImiHmi, ipi ekeHmiri Oarkanmel. [THeBMOIUTTEpaiH | TYpi THIHBIC SIUTEIMHIHIH YIIKCH
KOJIEMIH aJIblll JKaTaJlbl XKoHE aya-KaH jKapraKIIachlH KypyFa KaTelcaisl. Jlanaisl aiiMakTa MeKeHISHTIH OayblpMeH
JKOprayayibiiapaa ( KaJKaHTYMCBIK JKbUIAH) IMHEBMALMTTIH | TypiHAE «KeIMipLIKTeHy» JKaKchl OaiKkaiubl. ¥cak
CYTKOPEKTIJIEP/IiH AJIEKTPOHBI MUKPOCKOIHS KOMETiMEH THIHBIC AIUTEIHHIHIH KYpaMbIHIAFbl allbBEOJIOLUTTEPIIH
I sxone 11 Typi axbipaTbutrad. AnbBeonountrepain 11 TypiHiH miwiHi op TYpI, SAPOCH TUIIEPXPOM/IbI OOJIBIT KEJIreH
JKoHEe cypdakTaHT KemleHi TaOburraH. by makanmana TipIIuTiK opTackl op TYpJi JKaHyapiaplblH aya-KaH Kaprak-
IIACHIHBIH KAJBIHIBIFEI OJIAP/BIH ©MIp CYpy opTachlHa OaiiaHbICThl OeHiMaenyiH MOP(QOMETPHUSUIBIK 3epTTeyIiep
KOPCETTi.

Tyiiin ce3mep: oKIle, NMHEBMOLUT, aJbBEOJOLUT, OHOTOI, JIEKTPOHIBI MUKPOCKOI, CKaHIBI JJICKTPOHIBI
MHKPOCKOII, OMBIPTKAJIBI.
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YIABTPACTPYKTYPbI JIETKHUX ITO3BOHOYHBbIX,
OBUTAIOIIMX B I'OPHbBIX U CTEIIHBIX BUOTOITAX

AnHoTanus. B cTatbe pacMaTpuBacTCs 0COOCHHOCTH YJIBTPACTPYKTYPHI JISTKMX HAa3¢6MHBIX MO3BOHOYHBIX. C
MTOMOIIBIO 3JEKTPOHHOW MHUKPOCKOIHH, CKaHAJICKTPOHHONH MHKPOCKOITUU OBUTH BEISBIICHBI XapaKTEPHBIC OTIHYUS
YIBTPACTPYKTYPHI JICTKUX HA3EMHBIX IMO3BOHOYHBIX (aM(UOWH, PENTHIINN, MEIKHEC MIICKOIUTAIOIINE) B CBSI3U C
MeCTOM HuX oOuTaHus. McciemoBaHus JIeTKUX aM(pUOWN, OOUTAIOMIMX B PAa3HBIX OMOTONAX TOKAa3ajl CTPYKTYPHI B
BUJIC «PEHICTOUCK» U KIIETKH «CMEIIaHHOTO» THUIa. BMecTe ¢ TeM, OTMETHIIOCH OOJBIIOe KOITMYECTBO THEBMOILIUTOB
I Trma, 1 He3HAUHMTENbHOE KOMHYecTBO MHeBMOIMTOB 11 Trma. V amubuii, 0OMTAIONINX B CTEIHOM 30HE (XBOCTATAas
JSATYINKA), KIETKA CMEMIAHHOTO THITa aKTUBHO BBIACIISIOT CEKpET, a Y aMpuOuii, 0OMTAIOMKX B TOPHOM 30HE (ceMu-
PEUYCHCKUH JIATYIIKO3Yy0), Takash akKTHBHAs CEKpelrs He HaOroaaeTcs. DIEKTPOMUKPOCKOMMYECKUE UCCIeIOBaHUS
YIBTPACTPYKTYPHI JIETKUX MPECMBIKAIONINXCS TOKA3aJIH, YTO SApa MTHEBMOIMTOB | THIIAa IMEIOT OBAJIFHYIO KPYITHYIO
thopmy. ITaeBmoruThI | THIa 3aHMMAIOT OOJBIIYIO YACTh ABIXATEIFHOTO SMUTENNS M yJacTBYIOT B (hOpMUpPOBaHUU
a’POreMOTHYCCKUX MEMOpaH B IUTOILIA3Me. Y MPECMBIKAIOIIUXCs, OOUTAIONUX B CTEHHOMN 30HE (TJIaJKUi IIUTO-
MODJIHHK), OOHapy>XHJIOCh «BCIIEHMBaHHE». [IpyM WCIENOBaHMM JIETKMX MEJNKHUX MIIEKONUTAIOUIMX C MOMOUIBIO
AJIEKTPOHHONH MHUKPOCKOIUU OBUTH BBICJIICHBI B JIBIXaTEIbHOM JMUTENWU anbBeosonuTsl | u 11 Tumos. AnbBeo-
souuTsl Il THma pazHOW (OPMBI ¢ TUIEPXPOMHBIM SIIPOM, TaKKe OOHAPYKWICS KOMIUICKC cypdakTanta. B 3roii
cTatbe MOP(GOMETPUICCKHE HCCICAOBAHMS MMOKA3aIH, YTO Y XKHUBOTHBIX, OOWTAIOIIUX B PA3HBIX 30HAX, UMECTCS
pa3Has TONIIMHA adPOTEMOTHYECKAX MEMOpaH B CBSI3U C MX MECTOM OOMTaHUS U IPUCIIOCOOIIEHHEM K OKpYIKaro-
uieit cpene.

KuroueBble cjioBa: JIeTKHe, ITHEBMOIINT, aJbBEOJIOUT, OUOTOM, AIIEKTPOHHAS MUKPOCKOIIHS, CKaH-3IIEKTPOH-
Hasi MEKPOCKOIIHS, TO3BOHOYHBIE.
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STUDY OF THE INFLUENCE OF BIOLOGICALLY
ACTIVE ADDITIVE USING MICROALGAE
ON THE GROWTH AND MICROFLORA OF RAINBOW TROUT

Abstract. The aim of this work was to study the effect of biologically active feed additive based on microalgae
on the growth parameters and microflora of fish.It was found that the growth rate of fish is directly depended on the
amount of chlorella suspension in the feed. Higher length and weight measurements of trout were observed in the
variant with the addition of a chlorella suspension in the volume of 10 ml/kg compared to the other variants of our
experiment. The variant grown with the addition of chlorella suspension in the amount of 10 ml/kg, had greater
increase in weight by 112.7, than the control and experimental variants grown with the addition of chlorella sus-
pension in the amount of 5 and 15 ml/kg, showing indicators of 98.2, 97.5, and 99.6, respectively.The survival of
fish during the study period remained at a high level (100 %) in the second experimental variant .Survival rate in the
control group was reported 97 % and the first variant showed 97.7 %. Despite a significantly high growth rate, the
survival rate of fish was amounted to 96.5% in the third variant, Perhaps this is due to the fact that in conditions of
excessive intake of chlorella suspension into the environment and with its incomplete assimilation by fish, there is a
high reproduction of microalgae in the aquatic environment. Quantitative and qualitative analysis of rainbow trout
microflora was carried out in control and experimental variants.The calculation of TMC (full abbreviation) in the
bodies of trout in the control variant showed that the number of bacteria ranging from 2,1x10° to 3,8x10°CFU/g in
the intestine.Bacterial contamination of the liver was insignificant, and the omch (full abbreviation) index is not
more than 1x10*> KOECFU/g wet weight.Gill contamination ranged from 2,1x10%0 3x10° CFU/g. In the experi-
mental variants with the addition of Chlorella vulgaris suspension, the omch indices of different trout organs did not
differ significantly from those of the control variant. In the intestine, the number of bacteria ranges from 3,1x10° to
3,8x10° CFU /g, in the liver no more than 2,6x10*CFU /g wet weight. The insemination of gills was reported from
3x10° to 5x10° CFU /g. The selected associations of microorganisms consist of both saprophytic and opportunistic
bacteria. The studies found that the qualitative composition of the microbiocenosis of trout in both control and
experimental versions/variants is represented by 4 main genera Lactobacillus, Aeromonas, Pseudomonas and Acine-
tobacter. But the numerical ratio of the bacterium of the genus Lactobacillus was much higher in the experimental
variants, in particular in the second variant of the experiment, compared with the control and other variants of the
experiment.In addition to the representatives of these genera, representatives of the genera Micrococcus, Sarcina,
Bacillus, Enterobacter, Escherichia, Serratia, Proteus and Vibrio were alsofound in different proportions in the trout
microflora.The results obtained in the course of the studies allow us to recommend the introduction/addition of feed
additives based on microalgae Chlorella vulgaris to the composition of feed for trout fish, which allows to increase
the growth rates and maintain the physiological state of fish at the appropriate level.

Key words: Chlorella vulgaris, rainbow trout, biological active additive, microflora.

Nutrition is the basis of life of fish and any other organism. It is known that fish feed with a large
variety should be available both from biological and physiological position [1]. From a biological point of
view, food should be available structurally and spatially so that fish can consume it without excessive
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energy consumption. From a physiological point of view, the food should be acceptable in taste and smell,
easily digested and provide all the energy and plastic needs of the body.

High productivity and rational use of feed are possible only when fish farming facilities are fully
provided with the necessary amount of protein, fat, carbohydrates, minerals and vitamins and receive
enough energy to carry out their vital functions. Abundant and complete feeding, especially at a young
age, contributes to an increase in weight, more rapid achievement of puberty, a clear manifestation of the
signs of the exterior. Studies have shown that, providing optimal conditions for metabolic processes in the
body of fish, you can achieve an increase in their growth rate with a decrease in 2-3 times the feed con-
sumption. Such results can be obtained through proper feeding, which involves the use of diets containing
all the necessary substances for the animal body [1].

Currently, the domestic feed industry is experiencing an acute shortage of quality feedstock. To
overcome the crisis in domestic feed production, a number of issues are considered, the main of which
are: improving feed formulations with the addition of various natural biologically active substances. At
the same time, the use of natural biologically active substances is promising, which provide correction of
the standard feed diet and composition of the resulting fish products for the missing nutrients [2].
Currently, the use of various microalgae as biologically active additives to feed is of great interest. It is
known that microalgae have a unique biochemical composition, contains a wide range of biologically
active substances — vitamins, macro-and microelements, amino acids and functional pigments [3]. In this
regard, the search for new, non-traditional sources of biologically active substances for feeding fish is one
of the most urgent problems of today.

In this regard, the aim of this work was to study the effect of biologically active feed additives based
on microalgae on the growth and microflora of fish. Rainbow trout (Oncorhynchus mykiss) is selected as
the object- the type that is attributed currently to the genus of Pacific salmon (Oncorhynchus) of the
salmon family (Sa/monidae). Rainbow trout meat is provided with easily digestible proteins, unsaturated
fatty acids, trace elements and vitamins that are important for human nutrition. Rainbow trout is one of the
first places in the world fish market.

Materials and methods of research. The study was conducted on the basis of Turgen trout farm,
located in Almaty region, Enbekshikazakh district, Turgen village. For the experiment in the aquarium
installation, rainbow trout fry were selected, the average mass of which at the beginning of the experiment
was about 50 — 54.1 g. [1, 7]. The control and 3 experimental groups of 10 individuals each were formed
by the method of analogues. The juveniles were grown in aquariums with a capacity of 250 1. the duration
of the experiment was 10 weeks. The control group received a complete feed Aller silver (Poland). The
composition of the feed included: vitamins, premixes and minerals, corn gluten, poultry flour, feather
flour, sunflower protein, blood products, wheat gluten, canola, rapeseed oil, fish oil, fish flour, soy
protein, soy. The nutritional value of this feed was: crude protein — 45 %, fat — 22 %, carbohydrates -20%,
fiber-2%, phosphorus 1%, energy value - 22.3 MJ. As a biologically active additive, Chlorella vulgaris
suspension and juveniles of the 1st, 2nd and 3rd experimental groups were used, the same compound feed
enriched with an additional suspension of Chlorella vulgaris microalgae was obtained at the rate of 5, 10
and 15 ml per 1 kg of fish weight, respectively.Chlorella vulgarissuspensionin 1 mlcontained 3 million/s.
Feeding rainbow trout during the experiment period was performed 6 times a day, in the daytime at
regular intervals. Weekly studies were conducted on the growth and development of rainbow trout on the
basis of the results of control catches. The weight method was used. According to the results of weighing,
the value of the absolute growth of juveniles was calculated. The absolute increase is calculated by the
difference between the initial and final weight of the fish for the period. The relative increase was
calculated by the formula:(1) where MO, MP — the average weight of fish at the beginning and end of the
period, respectively. To characterize the intensity of growth, indicators of fish fatness coefficient were
used [3]. At the end of the experiment, control and experimental groups of trout fish planting material
were collected for microbiological studies. Microbiological studies of gills, liver and intestines of control
and experimental groups of fish planting material were carried out. 3 fish specimens from each variant of
the experiment and control were selected for the autopsy. From selected samples made the seeding of the
environment General purpose and selective nutrient medium with three replications to determine
KMAFAnM and the number of conditionally pathogenic bacteria. To determine the total bacterial conta-
mination of fish organs, primary bacteriological crops were carried out on fish-peptonic and meat-
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peptonic agar media. Enterobacteriaceae bacteria were determined by fermentation in a storage medium
and were detected by incubation in an Endo medium at a temperature of 37 °C [4]. The study of morpho-
logical, cultural, biochemical properties of the isolated microorganisms was carried out according to the
General requirements and recommendations for microbiological studies GOST ISO 7218-2011 [5]. The
isolated bacteria were screened out for 1 % of simple agar in test tubes, assigned an individual culture
code, and then identified to the genus by conducting and determining the morphological, tinctorial, some
biochemical properties of the isolated microorganisms. Spent crops on differential nutrient media: Endo,
YSA. To determine the number of lactic acid microorganisms in the intestine of fish, the method of deep
sowing of the selected sample for cabbage agar was used. The crops were incubated for 5 days at a
temperature of 30 °C. the Number of microorganisms was determined from calculations for 1 g. Identifi-
cation to the genus was carried out by gram staining followed by microscopy, determination of the ability
to capsule and sporulation, tests for oxidase and catalase activity and mobility. At the same time, the
isolated microorganisms were identified by determinants [7,8]. Tests for oxidase and catalase activity
were performed in accordance with GOST 18963-73. Drinking water was used. Methods of sanitary —
bacteriological analysis. The resulting digital material was statistically processed using the program
Statistica 6.0.

Research results and discussion. As it is known, the rapid growth of fish and high productivity are
achieved only if the fish are provided with the necessary amount of nutrients —protein, fat, carbohydrates,
minerals, vitamins — and get enough energy to carry out vital functions [9]. Growth processes in hydro-
bionts depend on a whole complex of external and internal factors, among which one of the most impor-
tant is trophic, since the composition of food and the degree of its availability largely determine the linear-
weight characteristic of fish [10]. In terms of aquaculture, trout are grown on artificial animal feed, the
raw material for the production of which should best match the natural food of fish. Introduction of
rainbow trout components uncharacteristic for natural nutrition into the feed composition can have a
significant impact on fish metabolism and, as a result, lead to changes in their physiological state and
growth processes [11]. The study of the dynamics of the mass of rainbow trout fry in our experience
showed that the initial mass of the sample of juveniles in all groups was the same about 55.3-56.7 g.
Observations of the process of feed intake by rainbow trout showed that when feeding fish in control and
experimental containers, the time of feed intake was different. In General, the eating time of both control
and experimental fish ranged from 5 to 20 minutes.

According to the study of feeding rainbow trout feed with the addition of suspension of microalgae
Chlorella vulgaris found that the growth rate of fish was similar in the control and experimental versions
with a tendency to increase absolute growth (table 1).

However, between the experimental groups of fish, the weight gain and growth of rainbow trout
differed and depended primarily on the composition of the feed, since the other conditions of trout
cultivation were the same. It was found that the growth rate of fish directly depended on the amount of
Chlorella suspension in the feed. A high increase in the length and weight of the trout was observed in the
second variant compared to the other variants of our experiment. At the end of the experiment in the
variant with the addition of Chlorella suspension in the amount of 10 ml/kg, the trout weight gain was
112.7, and in the control and experimental variants with the addition of Chlorella suspension in the
amount of 5 and 15 ml/kg, these indicators were 98.2, 97.5, and 99.6, respectively. It is shown that in the
second variant there is 12.7% more weight gain compared to other variants.

There are a number of indicators to characterize the physiological state of fish. The most common
among them are: Fulton fatness coefficient. This indicator makes it possible to determine the effect of
feed used on metabolism and to identify the causes of its positive or negative action [3]. During the
research period, the determination of the Fulton fatness coefficient, reflecting the relationship between the
weight and length of fish, allowed to analyze the physiological state of rainbow trout (table 2).

The analysis of the obtained results shows that the feed enriched with Chlorella suspension used in
feeding did not have a negative impact on the physiological state of rainbow trout, which does not
contradict the data of other studies [12]. Moreover, it should be noted that the coefficient of fatness of
trout increased on average from 3 to 3.2 in the experimental versions.
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Table 1 — Growth parameters of rainbow trout

Week Exper.iment Weight, Length, Increase of weight, Increase of length,
variant g sm g sm
Control 52,3+1,5 10,2 - -
1 variant 53,4+1,3 10,1 - -
! 2 variant 51,7+1,2 10,2 - -
3 variant 54,1+1,1 10,4 - -
Control 58,1+1,4 11,8 11 15,6
1 variant 60,2+1,2 11 12,7 8,9
2 2 variant 58,6+1,2 11,6 13,3 13,7
3 variant 60,1+1,1 11,1 11 6,7
Control 67,12 12,5 28,2 22,5
1 variant 68,0+1,2 12,5 27,3 23,7
! 2 variant 69,1+1,3 12,6 33,6 23,5
3 variant 69,8+1,1 12,5 29 20,1
Control 78,7+1,2 13 50,4 274
1 variant 81,5+1,3 12,8 52,6 26,7
¢ 2 variant 82+1,2 13,2 58,6 29,4
3 variant 83+2,4 13 53,4 25
Control 95+1,3 14,1 81,6 38,2
1 variant 95,8+1,2 13,8 79,4 36,6
5 2 variant 98+1,3 14,2 89,5 39,2
3 variant 97+1,2 14,4 79,2 38,4
Control 103,7+1,2 15,2 98,2 48
1 variant 105,5+1,3 15 97,5 48,5
10 2 variant 110+1,2 15.1 112,7 49
3 variant 108+2,4 15,1 99,6 45,1
Table 2 — Morpho-physiological characteristics of rainbow trout
Indicators Control Feed+Chlorellavulgaris | Feed+ Chlorellavulgaris | Feed+Chlorellavulgaris
(feed) 5 ml 10 ml 15 ml
Weight, g 103,7+1,2 105,5+1,3 110£1,2 108+2.4
Length, sm 15,2 15 15.1 15,1
Fatness coefficient 2.9 3,1 32 3,1

Thus, according to the results of studies, there was a significant positive effect of the Chlorella
suspension Supplement on the morpho-physiological parameters of rainbow trout growth and develop-
ment. [t was found that the most effective was the feed with the addition of Chlorella suspension in the
amount of 10 ml/kg. These data indicate a positive effect of feed additive in the form of Chlorella
vulgaris suspension on the growth of rainbow trout.

Survival of fish during the study period remained at a high level in the second experimental version
was 100 %. Survival in the control group was 97 % and in the first variant 97.7 %. In the third variant of
the experiment, despite a significantly high growth rate, the survival rate of fish was 96.5%. Perhaps this
is due to the fact that in conditions of excessive intake of Chlorella suspension into the environment and
with its incomplete assimilation by fish, there is a high reproduction of microalgae in the aquatic envi-
ronment. As you know, their excessive reproduction in the aquarium can lead to a deterioration in the
conditions of growing fish, which can thereby affect their survival [12].

— 4y ——
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As it is known, the state of the microflora of any living organism, including fish, is a determining
factor in the normal functioning of the entire immune system as a whole. The microflora of fish is
concentrated mainly in the mucus on the scales, on the surface of the gills and in the digestive tract. At the
same time, the digestive system is of the greatest interest, since it is a kind of protective barrier between
the internal environment of the body and the foreign environment, a special role in which belongs to the
normal intestinal microflora, as well as the liver, where the toxic substances of food are detoxified, not
neutralized by its enzymatic cleavage.

In this regard, at the next stage of the study of the effect of biologically active feed additives on the
growth and development of fish, the study of the state of the microflora of rainbow trout when feeding
feeds enriched with suspension ofChlorella vulgaris microalgae.

Quantitative and qualitative analysis of rainbow trout microflora in control and experimental variants
was carried out. The calculation of TMN in trout organs in the control variant showed that the number of
bacteria in the intestine varies from 2,1x10°to 3,8x10°CFU / g. Bacterial contamination of the liver was
insignificant, the TMN index is not more than 1x10> CFUn/gof wet weight. The insemination of gills was
from 2,1x10%*o0 3x10° CFU /g.

In the experimental variants with the addition of Chlorella vulgaris suspension, the TMN values of
different trout organs do not differ significantly from those of the control variant. So in the intestine the
number of bacteria varies from3,1x10° to 3,8x10°CFU /g, in the liver no more than 2,6x10> CFU /g of wet
weight. The insemination of gills was from 3x10°to 5x10° CFU /g.

According to the literature, the microbial number on the gills can vary widely from 6x10*o
2,2x10°CFU /g. [13]. It is known that the composition of the microflora of the outer covers is closely
related to the conditions of fish [14]. In case of unsatisfactory water condition due to the measures taken
to intensify production or damage to the tissues of the Gill epithelium, the level of bacterial contamination
in fish increases.

The total number of bacteria in the intestine according to some authors, varies in different species of
fish within 10? to 10'%cl. per 1 gram wet weight. However, most authors point to the 10° — 10® cl/g [15].
This variation seems to be related not only to the species diversity of the fish studied, their habitat and
physiology, but also to the methods of counting bacteria used by different researchers. After all, it should
be noted that the methods for studying the attached intestinal microflora of fish are mainly based on the
homogenization of the intestine and subsequent crops of homogenates on various selective media, which,
as is known, can detect only microorganisms that can grow on specific environments. The intestine also
contains anaerobic bacteria, many of which are known to be resistant to cultivation in the laboratory. In
this connection, it is possible and there is a slight underestimation of the population of bacteria.

At the end of incubation of cups with crops from various organs of fish in general, 12 isolates of
bacteria with different morphotypes of colonies, from trout organs were isolated into a pure culture.

Morphological characters were studied in 12 selected isolates of bacteria (shape, motility, presence of
capsule and the ability to spore formation), identified by their Gram — and has explored some of the
cultural (the growth pattern of the selected cultures on solid and liquid media) and biochemical properties.

The study of cultural and morphological properties of the detected and isolated cultures of bacteria
found that the trout microflora is represented by mobile and non-mobile, gram-positive and gram-negative
cocci and sticks. At the same time, it should be noted the dominance of mobile gram-negative bacteria
(sticks) in the control variant, which is 67 % of all isolated microorganisms in trout. During the test to
determine the oxidase activity revealed 5 oxidase-positive, 5 oxidase-negative strains and 2 cultures with
questionable results in trout. The test for catalase activity of bacterial cultures isolated from trout showed
2 catalase-negative, 8 catalase-positive strains and 2 strains showed ambiguous results (table 3).

Bacteriological study of various organs of fish in experimental variants showed that gram-positive
sticks and cocci dominated in all variants of the experiment in the incidence.

Determination of isolated isolates of bacteria was carried out before the genus and, in some cases,
before the family. Selected association of micro-organisms are composed of both saprophytic and
opportunistic bacteria.
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Table 3 — Numerical ratio of belonging to the genera of selected microorganisms, %

Numerical ratio of belonging to the genera of selected microorganisms, %
F(Fl?l)r(l(()ir)l Control Feed+Chlorellavulgaris 5 Feed+ Chlorellavulgaris Feed+Chlorellavulgaris

(feed) ml 10 ml 15 ml
Sarcina 6+0,5 5+0,5 5,5+ 0,5 5+0,5
Micrococcus 5+£0,5 6+0,5 5+0,5 6+0,3
Aeromonas 16 +1 12+1,5 11£1,5 12+ 1
Vibrio 8+0,5 8+ 0,5 7+1 8+ 0,5
Acinetobacter 10+ 0,5 9+0,5 10+0,2 10+ 0,3
Pseudomonas 12 +1 11+1 10+ 1 12+ 1
Enterobacter 6+0,5 5+1 4+0,5 5+£0,5
Escherichia 7+ 1 5+0,5 4+0,5 5+£0,5
Serratia 6+1 7+£0,5 3+0,5 5+0,5
Bacillus 3+£0,5 3+0,5 3+0,5 3+1
Lactobacillus 11+2,5 18+ 2 22+25 17+ 1
Proteus 8+ 0,5 6+ 1 4+ 0,5 5+0,5

During researches it is established that the qualitative composition of the microflora of trout in the
control and experimental variants are represented by 4 major branches: Lactobacillus, Aeromonas,
Pseudomonas and Acinetobacter. But the numerical ratio of the bacterium of the genus Lactobacillus was
much higher in the experimental variants, in particular in the second variant of the experiment, compared
with the control and other variants of the experiment.According to literature sources, it is known that the
bacteria of the genus Lactobacillus are very demanding on food sources and do not grow on simple
media. Most bacteria in this family need "arginine, cysteine, glutamic acid, leucine, phenylalanine, trypto-
phan, tyrosine, valine". The suspension of Chlorella is rich in these substances and getting into the gastro-
intestinal tract of the macroorganism, first of all, becomes the optimal nutrient medium on which lactic
acid bacteria develop rapidly [16]. In addition to representatives of these genera in the microflora of trout
in different proportions were also representatives of the genera: Micrococcus, Sarcina, Bacillus, Entero-
bacter, Escherichia, Serratia, Proteus and Vibrio.

Despite the fact that Pseudomonas, Vibrio and aeromonad as opportunistic microorganisms under
certain conditions, can cause epizootics, they are representatives of normal microflora of fish.

In General, the results correspond to what is known from the literature. According to some authors in
the composition of the microflora of the fish in the norm encountered opportunistic microorganisms,
among which the representatives of families: Pseudomonadaceae (Pseudomonas kind), Vibrionaceae
(Aeromonas kind) and Enterobacteriaceae [17]. On the skin and gills are common bacteria of the genera:
Aeromonas, Pseudomonas, Citrobacter, Proteus, Enterobacter, Escherichia, Cytophaga, Flavobacterium,
Micrococcus, Staphylococcus, Enterococcus [18].

A balanced diet of fish is an important factor in ensuring their normal functioning and proper
metabolism. The correct organization of biologically complete feeding of fish contributes to the maximum
manifestation of their genetic potential. The data obtained allow us to conclude about the positive effect of
biological feed additives based on microalgae Chlorella vulgaris on fish microflora, morphophysiological
indicators of growth and development of rainbow trout, with the most effective volume of the Supplement
is 10 ml per 1 kg of live weight of fish.

As is known, Chlorella suspension is not only a source of proteins, vitamins, macro-and micro-
elements, but also a source of biologically active substances with a high antagonistic effect in relation to
opportunistic microorganisms [19]. It is known that the normal functioning of many systems and organs
of animals, including fish, largely depends on the species composition and inter-species ratio of
microorganisms that inhabit their intestines.The obtained positive effect of the Supplement on the growth
and development of fish can be explained by the fact that the use of feed supplements based on micro-
algae Chlorella vulgaris in the feed for trout increases the contamination of their intestines lactic acid
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bacteria, which, in turn, have an antagonistic effect on a wide range of pathogenic and opportunistic
microorganisms. Thus, the restoration of the microbiocenosis of the gastrointestinal tract allows to
increase the resistance of fish to adverse factors, increase growth rates, improve metabolism, increase the
digestibility of nutrients in the diet and increase the survival of fish by stimulating their growth and
development [20].

The results obtained in the course of the studies allow us to recommend the introduction of feed
additives based on microalgae Chlorella vulgaristo the composition of feed for trout fish, which allows to
increase growth rates and maintain the physiological state of fish at the appropriate level.

B. K. 3asinan’, H. P. Akmyxaﬂonal, J. H. MaTopmlz, A. K. CaaBakacosa',
M. M. Topexanosa', K. Boaarxan', X. Basioyu', M. O. bayenosa'

'on-Dapabu ateiHnarsl Kazak ynTTeIK yauBepcuteti, Anmarsl, Kaszakcras,
M. B. JIoMOHOCOB aThiHaFsl Mockey MEMIIEKETTiK yHHBepcHTeTi, Mackey, Peceii

MUKPOBAJIABIPJIAP HET'I3IHIEI'T BUOJIOT'UAJIBIK BEJICEH/II
KOCHAJAPABIH K¥BbBIJIMAJIBI BAXTAXTBIH OCYIHE KOHE
MUKPO®JIOPACBIHA 9OCEPIH 3EPTTEY

AHHOTauMsA. JKYMBICTBIH MakcaThl MHKpOOAJABIPJIAp HETI3iHIE albIHFaH OWMOJIOTHSUIBIK OENCeH/II KOEKTIiK
KocHajap/blH OalbIKTapIblH MUKPO(IOpackl MEH OCy MapaMeTpiepiHe ocepiH 3epTrey OOJbI TaObUIIbL. balbik-
TapIblH ©6CY KAPKBIHIBUIBIFBI JKEMJEr XJIOpEsUia CYCICH3USCHIHBIH MOJIIEPIHe TiKenel OailaHbICThl CKCHIIr
AHBIKTAJbl. baXTaxThIH Y3BIHJBIFBI MEH MAacCaChIHBIH OCYIHIH KOFapFbl KOPCETKIlli AKCIEPUMEHTIMI3IiH Oacka
HYCKaJIapbIMEH CaJbICThIpFaHaa KypaMmblHAa 10 MI/Kr MeJuepiHzie XJopeiula CYCIIEH3WsChl KOCBUIFaH HYCKaJa
Oarikangpl. Toxipube coHpiHma 10 MII/KT MeIIIEepiHET] XJIopeiia CyCIeH3UsIChl KOChIIFaH HycKaa 0axrax caiMa-
FBIHBIH ociMi 112,7 Kypassl, an mMemmepi 5 xoHe 15 MII/KT XJIOpeJuTaHblH CyCIICH3HSCHl KOCBUIFAH OaKbulay *KoHE
TOXKIpUOETIK HYCKamapaady1 kepceTkimrep tuicinme 98,2, 97,5 sxone 99,6 Kypaapl. 3epTTey Ke3iHae OambIKTapIblH
OMIpIICHAIrT eKIiHII ToXKipuOeNmiK HycKama >KoFapbl neHreine cakramei, 100% kypampl. bakpumay HyckachiHAa
eMipmeHIiK 97% sxoHe OipiHmn Hyckaza 97,7% xypansl. ToxipnOeHIH YIIIHIN HYCKACBIHIA ©CYAIH aWTapibIKTai
KOFaphl KOPCETKIlIiHe KapamacTaH, OaibIKTapaslH emipiieHairi 96,5% - apl Kypaasl. by xmopemna cycneH3ms-
CBIHBIH OQJIBIKTAp MEKEHICUTIH OpTara apThIK MeJIIIep/Ie TYCill, OHbI OaJbIKTAP/IbIH TOJIBIK UIepe aMaraHIbIFbIHAH
MHUKPOOATABIPIAPABIH CYIBI OpTaaa sKanmai keOeriMeH OaiylaHbICThI 00Tysl MYMKIH. bakputay xoHe ToXipnOemik
HYCKajlapJia KyObUIMasbl 0axTaXThlH MHUKPO(MIOPACHIHBIH CAHJBIK JKOHE CalalblK Tajlaaybl Kypri3iimi. baxrax
oprauzapeiaaa JKMK ecentey Gakpliay HyCKAachlHIa imek GaxTepusiapbiHbH caHbl 2,1x10° nen 3,8x10° KTB /r
apasbIFbIH/IA ayBITKBIFAHBIH KOPCETTi. baybIpAbIH OaKkTepHsIbIK TYKbIMIBUIBIFB! maMainsl, JKMK kepcerkimii bii-
Fanpl canmarsiasig 1x10* KTB Gipi./r Ten Gommsl. XKenGesexrepineri TykpivMmpuibrsr 2,1x10* mer 3x10° KTB /r.
apanbirbiH KamThbinbel. Chlorella vulgaris cycneH3usichl KOCBUIFaH TXIpHOeni Hyckanapia 0axTaXTbIH op Typui
oprannapeinbly, JKMK kepcerkimrepi 0akpuiay HYCKachlHaH aTapibIKTail albpMalIbUIbIFbl OosnMansl. [mieringe
Gaxtepus cambl 3,1x10° men 3,8x10° KTB /r apanbiFblHIa aybITKbICA, OaybIphIHIA BUIFAIIBI CAMAFbIHAH
2,6x10> KTh /r-nan ackan oK. JKenGesekTepinmeri GaKTepusmapaslH TYKbIMABUIbIFEL 3x10° men 5x10° KTH/r.
apasbIFbIH  Kypazbsl. MUKpoOpraHusMaepaiH O6eJiHreH accolualisuiapbl Campo(UTTI KOHE IAPTThI MATOTEHII
OakrepusuiapaaH Typansl. 3eprrey OapbIChiHAA 0axTax MHUKPOOHOIICHO3BIHBIH CallalibIK KypaMbl OakblIay KoHE To-
xKipubenik Hyckanapna Lactobacillus, Aeromonas, Pseudomonas >xone Acinetobacter Herisri 4 TybICBIHaH Kypall-
FaHbl aHBIKTANIBL. bipak Lactobacillus TyBICEIHBIH OaKkTepUsIIaApBIHBIH CAHABIK apaKaTHIHACHI TOXKIPHOEIIK HYCKa-
Japa, aTan aiTKaHga TOXIpUOEHIH eKiHIII HYCKAChIHAA, OaKbUIayMeH jKoHEe TaKipuOeHiH Oacka HyCKalaphIMEH
CaNBICTHIpFaHIa dJIeKalaa skoFrapel Oonasl. baxTtax MuKpodQopaceiHIa aTanFaH TybIC eKingepiHeH Oacka Micro-
coccus, Sarcina, Bacillus, Enterobacter, Escherichia, Serratia, Proteus >xone Vibrio Tybic ekiiuepi ae opTypii KaTbl-
Hacrta ke3necti.JKypriziiren 3eprreyiiep OapbIChIHIA aJbIHFAH HOTIDKEIEP ©CY KOPCETKIIITEPIH apTThIPyFa JKOHE
OasnbIKTapAbIH (U3MOJIOTHSUIIBIK XKaFIaiibIH THICTI JeHreiae ycrayra MmyMkinaik oeperin Chlorella vulgaris Mukpo-
Oannpipnap HeriziHge 6axTax OaybIKTaphl YIIIH Kypama »XeM KypamblHa jKeMJIK KOCla PeTiHJE EHTi3yli YChIHYyFa
MYMKIH/IK Oepe/i.

Tyiiin ce3nep: Chlorella vulgaris, kyObuiMaibl 0axTax, OHOJIOrHSIBIK OeNICeH Al Kocta, MUKpodIiopa.
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"Kasaxckuil HalmOHATBHBIH yHHBepcHUTET M. anb-Dapabu, Anmatsl, Kasaxcran,
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HCCJIIEJOBAHME BJIMSIHUSI BUOJTOTHYECKH AKTUBHOU AOBABKH
HA OCHOBE MUKPOBOJOPOCJIEN HA POCT U MUKPO®JIOPY PANYKHOU ®OPEJIN

Annoranus. llenpro Hactosmeld pabOTHl SBUIOCH M3YYCHHE BIHMSHUS OMOJOTMYECKH AKTHBHOW KOPMOBOWM
JI00AaBKY Ha OCHOBE MHUKPOBOOPOCIICH Ha MapaMeTPhl POCTa U MUKPOGUIOpY phIO. BBISBIEHO, UYTO TEMIIBI POCTA PHIO
HATIPSMYFO 3aBUCEIH OT KOJIMYECTBA CYCIICH3UHM XJIOPEIUTHI B KOpMe. BBICOKHMII MPUPOCT JUIMHBI U Macchl (openn
HaOIIOHaJCs B BapHaHTe C MOOABICHUEM CYCIIEH3WH XJIOpEUTsl B 00bemMe 10 MI/KT IO CpaBHEHHIO C OCTATbHBIMH
BapHaHTaMHM HAIIETO YKCIIEPUMEHTA. B KOHIIE ONbITa B BapUaHTE C A00aBICHUEM CYCIIEH3HH XJIOPEILIbl B KOJIHYECT-
Be 10 mi/kr mpupocT Macchl (openn coctaBmi 112,7, a B KOHTPOIBHOM H B ONBITHBIX BapHaHTaX C JOOaBICHHEM
CYCIICH3UH XJIOpEJUIbl B 00beMe 5 W 15 MII/Kr, 3TH IOKas3aTenud COCTABHIM cOOTBeTcTBeHHO 98,2, 97,5, u 99,6.
BbDKHBaEeMOCTh pbIO B EPHOJ MCCIIEA0BAHUI COXPAHSIIACh HA BHICOKOM YPOBHE BO BTOPOM OIBITHOM BapHaHTE H
cocraBuina 100 %. BepkuBaeMocTs B KOHTPOJIBHOH Tpymme coctaBmia 97 % u B mepBoM Bapuante — 97,7 %. B
TPETLEM BapHUAHTE OIlbITa, HCCMOTPA Ha 3HAYUTCIIBHO BI)ICOKI/II\/II IMpUPOCT poOCTa, BBDKUBAECMOCTDH pI)I6 COoCTaBuJIa
96,5%. B03MOXHO 3TO CBSI3aHO, C TEM YTO B YCJIOBUSAX M30BITOYHOTO MOCTYIUICHHH CYCIICH3UM XJIOPEIUIBI B CPEILY
OoOWTaHWS W MPHU HE TOJIHOM €€ YCBOCHHH phIOaMH HAOIIOJAcTCs BBICOKOC PAa3MHOMKEHHE MHKPOBOIOPOCICH B
BOJHOM cpene. [IpoBeieH KOMMYEeCTBCHHBIN 1 KaUeCTBCHHBIH aHAIN3 MUKPOQIIOPHI paayKHOU (Goperr B KOHTPOIb-
HOM U OTBITHBIX BapuaHTtax. [Togcuer OMU B opranax ¢opesiu B KOHTPOILHOM BapHaHTE MOKA3al, YTO B KUIIECYHHU-
KE KOJIMYEeCTBO OakTepuil KojeOiercs oT 2,1x10° mo 3,8x10° KOE /r. BakrepuanbHas 00CEMEHEHHOCTh TCUCHH
OblIa He3HAUNTENbHOI, mokasaTenms OMUY pasen He Gonee uem 1x10% KOE en/r BmaxkHoro Beca. O6CeMEHEHHOCT
%abp cocrabmma oT 2,1x10* 10 3x10° KOE /r. B ombITHBIX BapHaHTax ¢ go6asienuem cycrensun Chlorellavulgaris
nokazarernst OMY pa3muYHBIX OpraHoB (POpPENH HE CYIIECTBCHHO OTIMYAIOTCS OT TAKOBBIX KOHTPOJIHHOTO BApUAHTA.
B KHIIEYHHKE KONMYECTBO OakTepuii komebiercs ot 3,1x10° o 3,8x10° KOE /r, B medenn He Gonee dem
2,6x10? KOE /r Bnaxuoro Beca. OGceMeHeHHOCTB kabp coctamia ot 3x10° 1o 5x10° KOE/r. BeigeneHusie acco-
[UAIlMd MHUKPOOPTaHW3MOB COCTOSAT KaK W3 CampO(pUTHBIX, TaK U W3 YCIOBHO-NIATOTCHHBIX OakTtepuii. B xome
WCCIICIOBAHMIA YCTAaHOBJICHO, YTO KaYECTBEHHBIH COCTaB MHKpOOMOIIeHO3a (hOopeir Kak B KOHTPOJIBHOM, TaK U B
OTIFITHOM BapHaHTaX IMpeJCcTaBlIeH 4 OCHOBHBIMU poxaMu Lactobacillus, Aeromonas, Pseudomonas n Acinetobacter.
Ho umcnenHoe cootHomenue O6akTepun pona Lactobacillus OGbI0 HAMHOTO BBIIIEC B OINBITHBIX BapHaHTaX, B YaCT-
HOCTH BO BTOPOM BapHaHTE OIIbITA, [I0 CPABHEHUIO C KOHTPOJIEM U OCTAIBLHBIMH BapHaHTaMu ombita. Kpome mpen-
CTaBUTEJCH MMEePEYnCIICHHBIX POJIOB, B MUKpoduiope (opesn B Pa3HOM COOTHOILICHUH BCTPEYAIHCh TAKKE MPeAcTa-
BUTENHN pooB Micrococcus, Sarcina, Bacillus, Enterobacter, Escherichia, Serratia, Proteusn Vibrio. Ilomy4deHHbIe B
XOJIe TIPOBEICHHBIX MCCIIEOBAHUI PE3ybTaThl MO3BOJIAIOT PEKOMEH/IOBATh BBEIICHUE B COCTAB KOMOMKOPMOB JIJIst
(dopeneBbIX pbIO KOPMOBOH 100aBKM Ha OCHOBe MuKpoBogopociein Chlorellavulgaris, mO3BOJSIONICH MOBBICUTH
MoKa3aTesy POCTa U MOANCPKUBATh (PU3UOJOTHUSCKOE COCTOSIHUE PHIO HAa COOTBETCTBYIOIIIEM HOPMaM YPOBHE.

Kirouessie cioBa: Chlorella vulgaris, panyxnas gopens, Onosorinyeckast akTuHas 1o06aBka, MUKpodiopa.
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RICE VARIETIES’ AGROCOENOSIS FORMATION AND GRAIN
CROPPING CAPACITY DEPENDING ON FERTILIZER QUANTITY

Abstract. Plant density in agrocenosis and the number of productive stems have significant effect on formation
of a high grain yield of rice varieties and samples differing in height and architectonics. Thus, when an optimum
fertilizer dosage (N180P120 kg/ha a.v.) is added, high grain yield is formed under the following conditions: 1) a high
grain yield of a medium growth variety with narrow, vertically arranged leaves (Kuban 3, Krasnodar 424 and Du-
bovsky 129 varieties) is formed for the density of rice standing on the shoots of 320-400 pcs/m?, before harvesting -
250-350 pes/m’, with a feed area of one plant of 22-30 cm?, in the period of sweeping - 25-38 cm”. In such an
agrocenosis , the number of productive stems is 550-650 pcs/m?, or 5.5-6.5 million panicles per hectare. 2) A high
grain yield in medium-sized, large-leaved varieties (Marzhan, Aral 202, Togusken 1) is formed on highly productive
crops, with a standing density of 280-350 pcs/m?, before harvesting - 220-250 pes/m?, with 460-580 pes./m” of pro-
ductive stalks, or 4.6-5.8 million panicles per hectare. 3) In stunted, with large and wide leaves of varieties (Estuary)
and rice samples (ECM), high grain yield is formed with a standing density of 280-380 pcs/m?, before harvesting
220-310 pes/m?, with formations 550-650 pes/m” of productive stems, or 5.5-6.5 million panicles.

Key words: rice, variety, effect of fertilizers on agrocenosis structure, rice varieties yield dependence on ferti-
lizers’ dosages.

In rice agrocenosis, formation of the number of productive stems changes during the growing season
and, as an integral indicator, depends on many factors: the number and quality of sown seeds, the number
of germinated seedlings, their rooting and preservation, tillering intensity, growth and productivity of side
shoots. The number of these indicators, the intensity of growth and development of lateral shoots are
significantly influenced by doses and methods of applying mineral fertilizers. The influence of the seeding
rate and plant stand density in crops on the yield of rice grain has been studied in many studies and
experimental results have been accumulated. In these works, the optimal plant stand density in crops is
considered as one of the main factors that have a significant impact on the formation of high yields [1-3].
Currently, in Asian countries they intensify the technology of this valuable culture cultivation in order to
provide their population with rice. Thus, according to scientists and specialists from China [4], Indonesia
[5], Korea [6] and Vietnam [7], the highest and high-quality grains of rice are formed on crops with
optimal plant density, balanced nutrients, and optimal doses and methods of mineral fertilizer application
and with timely and high-quality carrying out of all agrotechnical techniques. The influence of the seeding
rate and plant stand density on the yield of rice grain has been studied in many studies and experimental
results have been accumulated. In these works, the optimum plant stand density is considered as one of
the main factors that have a significant impact on the formation of high yields [1-3, 8].

Methods and objects of research. Small-plot and large-field field experiments were carried out on
the saline soils of the Kazakhstan Aral Sea area in 2012-2017 to determine the favorable structure of
agrocenosis of rice varieties and the optimum dosage of nitrogen fertilizer. Medium-height, narrow-
leaved, early-ripe varieties such as Kuban 6 and Dubovsky 129, middle-ripe Krasnodar 424 variety,
medium-tall, large-leaved samples 4-15, Kyzylorda 5, KzROS 356, Marzhan variety, low-growing, broad-
leaved Firth were studied. In small-scale experiments, the seeding rate was 100, 300, 500, 700, 900 kg/m?;
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the dosage of fertilizers N90P90, N180P120 kg/ha a.v., were repeated three times. In large-scale
experiments, the seeding rate for Kuban 3 and Liman varieties was 100 kg/ha (3 million viable seeds per
hectare), 200 kg/ha (6 million), 250 kg/ha (7.5 million), 300 kg/ha (9.5 million viable seeds per hectare).
Seeds of Marzhan variety are larger and spinous, therefore they sowed 130 kg/ha (3 million viable seeds),
230 kg/ha (6 million), 280 kg/ha (7.5 million) and 330 kg/ha (9.5 million viable seeds) using a seeder.
Pilot crops were flooded on May 18-20. Mineral fertilizers (ammonium sulfate, granulated superphos-
phate) were added: NOPO, N90OP90, N120P120, N150P120, N180P120, N240P120 kg/ha ae. The area of
the plots was 150 m”, the number of replications - four.

Results of research and discussion. The main indicators of the structure of rice agrocenosis include
the optimum plant standing density, the number and productivity of main and lateral shoots and tillering
intensity. These indicators vary significantly depending on the area of nutrition and doses and methods of
mineral fertilizer application. Thus, in model experiments (plot area - 5 m?), the greatest germination of
seeds was observed when 100, 300 seeds were sawn per m”. With an increase in the number of sown seeds
(i.e. with a decrease in the area of nutrition), field germination of seeds decreased. For example, the
germination of seeds of narrow-leaved rice varieties Kuban 3, Krasnodaprsky 424 and Dubovsky 129 de-
creased from 76.0-79.3% to 48.2-57.4%. The same patterns were observed with crops of large-leaved
varieties Marzhan and samples 4-15, Kyzylorda 5, KSROC 356. However, with an increase in the seeding
rate, more sprouting rice plants and the productive stems remained till harvesting (Fig. 1). Rice is an
intensely bushy plant. With increase in area of nutrition and increase of fertilizers dosages, the number of
the 2nd, 3rd and other side shoots increased significantly. However, with a decrease in the area of nutri-
tion and the emergence of optimally dense shoots, tillering of rice decreases, shoots of the first and second
order appear, which grow and develop synchronously, not lagging behind the main stem. This is one of the
main conditions for obtaining high grain yields. But, with very thickened crops, the leaves located on the
lower and middle levels are mutually strongly shadowed, tillering lingers, shoots appear without panicle,
which leads to a decrease in grain yield [1-3].

When an optimum fertilizer dosage is added (N180/P120 kg/ha) and with highly productive
agrocenosis (i.e. at the optimally crowded cultures) tillering increases and the number of productive stalks
and side shoots (stalks with heads) (figure). Thus, when 300, 500, 700 pcs of germinating seeds per a m>
and adding fertiliser at the rate of N180P120 kg/ha number of productive stalks of the pilot sowings of
large-leaf varieties was 452-567, 469-613, 479-634 pcs/m’, correspondingly. As for the narrow-leaf rice
varieties with vertical leaf position, such as Kuban 3, Krasnodarskiy 424, the number of productive stalks
was 487-686, 569-667 pcs/m’, i.e. 8.8-21.0% more. At the optimum fertilizer dosage, such an increase in
the number of productive stalks is the main condition of high grain yield formation (figure).

When an optimum fertilizer dosage is added to the rice varieties with narrow vertically arranged
leaves such as Kuban 3 and Krasnodarskiy 424, the best yield was achieved when 500, 700 pcs/m” of
germinating seeds had been sawed and at the density of plants growing of 320-430 pcs/m?, prior to
harvest — 250-280 pcs./m’, at the area of one plant feed of 22-30 ¢cm, during the period of ear formation —
25-38 cm’, at the number of productive stalks of 550-650 pcs/rnz, 1.e. when 5.5-6.5 min. heads are formed
per a hectare.

As regards the crops of large-leaved varieties and samples of rice, a high grain yield is formed when
sowing 300, 500 pcs / m® of viable seeds and with formations of plant standing on shoots of 230-
350 pcs/m?, in the period of sprouting 220-300 pcs / m?, with one feed area plants shoots 28-45 cm?, in
the period of sweeping - 31-50 cm”. Under such conditions, the optimal number of productive stems was
460-580 pcs / m?, i.e. 4.6-5.8 million ears of corn were formed on one hectare. Such crops are called by us
highly productive agrocenosis [1-3].

Rice crops - dynamic agrocenosis. With the introduction of the optimal dose of fertilizers and
depending on the density of standing and feeding area, the mutual influence of neighboring rice plants in
crops during the growing season changes. These changes depend on the architectonics, morphophysiolo-
gical and genetic characteristics of rice varieties. In rice crops, photosynthetic activity and plant growth
processes have a significant impact on the level of yield and grain quality depending on standing density.
In this regard, the rice crops are subdivided as follows: thinned, moderate, highly productive and highly
thickened agrocenosis . The yield of such crops vary [1-3].
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Figure 1 — Formation of agrocenosis structure of rice medium-growth varieties and samples differing
by the architectonic depending on fertilisers’ dosages and coverage area.

Conventional designation: 1 — number of springing rice sprouts, pcs./m?; 2 — number of plants before harvesting, pes./m?;
3 — number of productive rice stalks at the fertilizer dosage of N90OP90kg/ha; 4 — number of productive rice stalks at the dosage of
N180P120 kg/ha; 5 — field germination rate %; 6 — rice tilling capacity at the fertilizer dosage of N9OP90 kg/ha; 7 — rice tillering
capacity at the fertilizer dosage of N180P120 kg/ha.

On all the different soils of the CIS territories, rice is responsive to the doses and methods of ap-
plying nitrogen fertilizers compared to phosphate fertilizers. However, with the joint application of
nitrogen and phosphate fertilizers, rice forms the highest grain yield [1-3]. In this regard, the effect of
nutrition area and doses of nitrogen-phosphate fertilizers on the formation of the structure and yield of
agrocenosis of rice varieties (table) was studied.

Germinating ability of seeds and survival ability of sprouts. There is a positive correlative rela-
tionship between field seed germination, the number of preserved plants, the density of standing produc-
tive stalks and grain yield of rice crops [1-3]. Thus, when sowing 100, 300 seeds per a m* within the
framework of the on model experiments (plot area 5 m?), field seed germination was high. With an in-
crease in the number of seeds sown (i.e. with a decrease in the nutrition area), field germination
decreased. For example, field germination of seed varieties Kuban 3, Krasnodar 424, Marzhan decreased
from 74-82% to 51.3-53.7%. Despite this, with an increase in the seeding rate, seedlings sprouted thick,
the number of plants on crops increased and remained until harvest. Such patterns were preserved on
experimental crops of dwarf and low-growing rice samples (figure; table). In model experiments, when
sowing 100, 300, 500, 700 pcs / m” of viable seeds and when making optimal doses of fertilizers, the sur-
vival rate of the seedlings was high and more rice plants remained. But when sowing 900 pieces / m” of
seed, the survival rate of seedlings decreased significantly. The results of the experiments show that with
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Formation of rice density in agrocenosis and grain yield depending on increasing dosages of nitrogen fertilizers and seeding rate

2
Rice Seeding Number of Plants pcs/m Field Sprouts Number of Tilling Grain
Variety Rate, Before Germination Survival Productive Capacity, | Yield,
kg/ha Sprouts Har Capacity, % Rate, % Stalks, pes/m® | pes/plant | h.kg/ha
vest
1 2 3 4 5 6 7 8 9
NOPO, Control
100 144 110 48,0 76,4 186 1,69 33,4
200 243 189 40,5 77,8 254 1,34 37,0
Kuban 3
250 300 240 40,0 80,0 301 1,25 38,1
300 370 286 38,9 77,4 334 1,17 41,8
HCPys - 13,2 14,1 - - 12,6 - 4,0
N120P120 kg/ha
100 151 116 50,3 76,8 480 4,22 42,2
200 243 194 40,5 79,8 513 2,64 51,5
Kuban 3
250 314 247 41,9 78,7 531 2,15 58,1
300 370 287 38,9 77,6 519 1,81 55,5
HCPys - 15,3 13,4 - - 16,7 - 4,3
N150P120 kg/ha
100 143 109 47,7 76,2 508 4,66 50,6
200 237 187 39,8 78,2 518 2,72 54,1
Kuban 3
250 305 243 40,5 79,7 553 2,28 67,7
300 366 291 38,5 79,5 534 1,84 60,4
HCPys - 14,8 14,2 - - 16,0 - 33
N180P120 kg/ha
100 148 112 49,3 75,7 549 4,90 60,8
200 250 200 41,7 80,0 571 2,86 66,3
Kuban 3
250 319 253 42,7 79,3 591 2,34 78,0
300 380 295 40,0 77,6 658 2,23 65,9
HCPys - 15,5 13,7 - - 14,2 - 4,6
N240P120 kg/ha
100 146 116 48,7 79,5 581 5,01 66,2
200 248 196 41,3 79,0 600 3,06 73,2
Kuban 3
250 315 245 42,0 77,8 631 2,58 74,0
300 376 298 39,6 79,3 672 2,26 58,8
HCPys - 13,5 12,8 - - 13,8 - 4,5
NOPO, control
130 124 95 41,3 76,6 176 1,85 35,3
230 224 175 37,3 78,1 235 1,34 38,7
Mar-zhan
280 278 219 38,1 78,8 278 1,27 41,3
330 336 273 35,4 82,3 273 1,16 42,4
HCPys - 12,1 13,4 - - 10,8 - 4,3
N120P120 kg/ha
130 123 102 41,2 82,8 505 4,95 44,8
230 227 175 37,8 77,1 512 2,93 53,4
Mar-zhan
280 296 227 39,5 76,7 535 2,36 61,5
330 345 268 36,3 71,7 518 1,93 51,2
HCPys - 12,3 10,3 - - 12,0 - 4,6
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Continuation of table
1 2 3 4| 5 K 7 EE
N150P120 kg/ha
130 119 103 39,7 86,6 516 5,01 51,5
230 228 179 38,0 78,5 528 2,95 57,4
Mar-zhan
280 293 231 39,1 78,8 549 2,38 70,2
330 349 276 36,7 79,1 569 2,05 57,8
HCPygs - 13,7 12,0 - - 14,0 - 4,4
N180P120 kg/ha
Mar-zhan 130 125 98 41,7 78,4 522 5,33 59,0
230 233 173 38,8 74,2 541 3,13 66,8
280 297 229 39,6 77,1 551 2,41 73,8
330 357 282 37,6 79,0 591 2,10 61,5
HCPys - 14,1 12,7 - — 13,5 - 4,5
N240P120 kg/ha
Mar-zhan 130 121 97 40,7 80,2 539 5,56 60,1
230 229 171 38,2 74,7 557 3,26 66,7
280 291 225 38,8 77,3 594 2,64 65,5
330 361 289 38,0 80,1 624 2,16 53,0
HCPys - 53 5,5 - - 6,4 - 3,8
NOPO, Control
Liman 100 121 94 40,3 77,3 163 1,73 28,8
200 222 163 37,0 73,4 228 1,40 32,7
250 269 210 35,9 78,1 263 1,25 35,0
300 335 252 35,3 75,2 314 1,25 38,4
HCPy;s - 12,5 12,8 - - 11,4 - 4,6
N120P120 kg/ha
Liman 100 119 100 39,7 84,0 490 4,90 42,4
200 219 167 36,5 76,3 514 3,08 57,5
250 284 217 37,9 76,4 530 2,44 64,2
300 341 257 35,9 75,4 518 2,02 57,4
HCP - 14,2 13,1 - - 12,3 - 5,0
N150P120 kg/ha
Liman 100 124 96 41,3 77,4 515 5,36 51,9
200 224 174 37,3 77,7 558 3,21 65,0
250 287 232 38,3 80,8 601 2,60 71,6
300 347 265 36,5 76,4 540 2,04 61,9
HCPys - 14,4 15,2 - — 13,7 - 4,1
N180P120 kg/ha
Liman 100 123 95 41,2 77,4 553 5,76 57,0
200 228 167 38,0 73,2 571 3,42 66,5
250 286 228 38,1 79,7 641 2,81 69,2
300 352 273 37,1 77,6 675 2,47 57,1
HCPys - 15,5 14,3 - - 13,1 - 4,8
N240P120 kg/ha
Liman 100 123 98 41,0 79,7 581 5,93 52,7
200 227 160 37,8 70,5 600 3,75 58,5
250 285 227 38,0 79,6 659 2,90 58,2
300 345 275 36,4 79,5 691 2,51 53,2
HCPys - 13,4 12,3 - - 15,0 - 3,7

— 50 ——




ISSN 2224-5308 Series of biological and medical. 3. 2019

the introduction of the optimal dose of fertilizers (N180P120 kg / ha ai) and with the optimum density of
germinated seedlings, the penetration of light, carbon dioxide (CO2) and the temperature inside the
agrocenosis improved and good conditions were established for the growth and development of each rice
plant in agrocenosis.

Rice tillering depends on the area of nutrition [1-3], the dose, timing and methods of applying
mineral fertilizers [1-3, 9, 10, 16], the depth of water within the check plots and changes in irrigation
mode [9, 10, 12, 13, 15]. The results of our research showed that with an increase in the seeding rate (i.e.,
a decrease in the nutritional area) and an increase in plant density to the optimum level, tillering of rice
stops. With the introduction of an average dose (N120P90-120 kg / ha), tillering of rice increases
as compared with plants on the control (without fertilizer) and the introduction of small doses
(N90P90 kg / ha Al) of fertilizers. With an increase in the dose of fertilizer to the optimum (N180P120 kg
/ ha) and sowing of 500, 700, 900 pcs / m?, the level of tillering of rice decreased. In spite of this, with
increasing doses of fertilizers, the number of productive stems increased. On crops of medium-grade rice
varieties, with the introduction of optimal (N180P120 kg / ha) and high (N240P180 kg / ha AV) fertilizer
dose, bushiness when sown 100 pcs / m” from 7.7-9.1 pes / m? decreased to 1, 8-1.9 pes / m?, i.e. 4.1-
4.7 times when sown 900 pieces / m2 of germinating seeds. The same patterns were observed on dwarf
and low-growing varieties. However, with increasing doses of fertilizers, bushiness and the number of
productive rice stalks increased to a certain extent (figure). Consequently, on high agro-backgrounds, a
decrease in nutritional area (i.e., an increase in plant standing density) is a factor that reduces rice
bushiness.

The productivity of lateral shoots from the different rows is not the same. As the place of emergence
of lateral shoots in the tillering node increases, the stem height, the length of the panicle and the number
of grains on the panicle of side shoots decrease. Side shoots that appear on the lower level of the tillering
node, i.e. 3-5 leaves on the bosom grows and develops synchronously, not lagging behind the main stem
and is the most productive. However, depending on the density of the standing of rice plants and the area
of nutrition, doses and methods of fertilizer application, the optimal number of side shoots differ [1-3, 8, 9].

In this regard, the agrocenosis of rice varieties have been systematized as follows [1-3, 10]: thinned
out plantings (sowing of 100 of viable seeds per a m?), moderate plantings (sowing of 300 vaible seed per
a m?), highly productive crops (sowing 500, 700 seeds per a m?) and thickened crops (sowing
900 germinated seeds per a m®). When adding an optimum dosage of fertilizers (N180P120 kg/ha), the
largest grain yield of medium-sized rice varieties is formed in the following agrocenosis:

a) Thinned out crops of medium-ripening rice varieties with appearances of 6-8 lateral shoots on
each rice plant; moderate crops with formations of 2.5-4.0 lateral shoots; highly productive crops -
1.8-2.5 lateral shoots; thickened crops with appearances of 1.1-1.6 lateral shoots on each plant;

b) for undersized samples and rice varieties, thinned out crops form the largest grain yield when there
are 9-10 lateral shoots on each plant; moderate crops - 3.5-5.0 lateral shoots, on highly productive
agrocenosis - 2-3 side shoots; thickened crops - with the appearance of 1.6-2.0 side shoots on each plant;

c) As for the dwarf speciment, thinned out crops produce the largest grain yield when 9-11 side
shoots appear on each plant; moderate crops - 5-6 side shoots; highly productive crops - 3-4 side shoots;
thickened crops - 2.1-2.5 side shoots on each rice plants.

Improving the rice varieties agrocenosis structure is important and relevant for the intensive
development of rice farming [1-3]. However, the density of plant standing, formation of optimal stalk
stand and its location in space, formation of plant habitus in agrocenosis and its interaction in the
physiological aspect have not been sufficiently studied.

The formation of the optimal number of productive stalks in agrocenosis depends on the number of
seedlings germinated and their field germination, seedling survival rate and their standing density, dose
and methods of mineral fertilizers application and varietal characteristics of rice (figure; table). Thus, in
medium-sized varieties and samples, the largest grain yield is formed on highly productive crops (when
sowing is 500,700 viable seeds) and application N180P120 kg / ha ae. fertilizer. With an increase in the
dose of fertilizer up to N240P180 kg / ha ae. grain yield has not increased, but rather decreased.

In low-growing varieties and samples of rice, the level of yield varies: in a broad-leaved variety
(Lyman), the highest grain yield is formed when the optium dosage (N180P120 kg/ha) of fertilizers is
applied. On highly productive agrocenosis in varieties and samples of rice, photosynthetic activity and the
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possibility of the formation of high grain yields differ. The formation of a high grain yield in varieties and
samples of rice, differing in height and architectonics, is significantly affected by plant density in
agrocenosis and the number of productive stems. Thus, with the introduction of the optimal dose
(N180P120 kg / ha ai) of fertilizers, a high grain yield is formed under the following conditions [1-3, 11,
14, 17]:

1) A heavy yield of grain of medium-growth varieties with narrow vertically arranged leaves
(Kuban 3, Krasnodar 424, Dubovsky 129) is formed in highly productive crops, with a density of rice
standing on shoots of 320-400 pcs/m?, before harvesting - 250-350 pcs/m?, with a food area of one plant
22-30 cm’, in the period of sweeping out - 25-38 cm?®. In such agrocenosis , the number of productive
stems is 550-650 pcs / m2, or 5.5-6.5 million panicles per hectare.

2) A high grain yield in medium-sized, large-leaved varieties (Marzhan, Aral 202, Togusken 1) is
formed on highly productive crops, with a density of standing of 280-350 pcs / m2, before harvesting
220-250 pes/m’, with 460-580 pes./m” of productive stalks, or 4.6-5.8 million panicles per hectare.

3) Heavy yield of low verieties with large and wide leaves (Estuary) and rice samples (ECM)is
ensured at a standing density of 280-380 pcs/m”, before harvesting 220-310 pcs/m?, with formations 550-
650 pcs/m” of productive stems, or 5.5-6.5 million panicles. We called the above-mentioned crops of rice
varieties, differing in height and architecture, as high-yielding agrocenosis [1-3, 11]. Those crops of low-
and medium-growth varieties and rice samples are representative of specific agrocenosis . Indicators of
these agrocenosis can be preliminary morphophysiological criteria (indicators) when creating models of
future productive rice varieties and this should be taken into account when developing varietal
technologies for their cultivation [1-3, 11].

F. XK. MeneyoBa
Kazak MeMJIeKeTTIK KbI31ap MeAaroruKaliblK YHUBEpCUTETI, AnMatel, KazakcTan

THIHAUTKBIIITAP JO3ACBIHA BAMJIAHBICTBI
KYPIII COPTTAPBI ATPOIIEHO3bIHBIH KOHE /19H OHIMIHIH KAJIBIIITACYBI

AHHOTaUMA. BUIKTIT XKoHE apXUTEKTOHUKACHI OOWBIHINA aHBIPMAIIBUIBIFEI Oap KYpill YATUIEpi MEH copTTa-
PBIHBIH JKOFaphl J0H OHIMIHIH KaJbIITACYbIHA arpOICHO3aFbl OCIMIIKTED THIFBI3ABUIBIFBI MCH ETiCTIKTETI MacaKThI
cabakTap CaHBIHBIH ejeyii ocepi Oap. Aram aiTKanaa, ontumaibiasl arpodon (N180P120 kr/ra) skarmaiiblama €H
JKOFaphl JIoH OHIMI TOMEHET1 xarFaaitnapaa Kanbinracazpl: 1) Opra 00iibl, KiHINIKe, TIK JKalbIpakThl KYpill COPTT-
apeiabIH (Kybans 3, KpacHopapckuit 424, [ly6oBckuii 129) eH jxorapbl 1oH ©HiIMI ceOUIreH TYKbIMHAH OHIIT IBIKKaH
ecimaiktep caubl 320-400 ,uaHa/Mz, opy annbiHaa 250-350 nana/m> OOJIBIN, TYKBIMHAH OJIETKi OHINl IIBIKKAH
OCKIHIIEpiH KOpekTeHy amaHbl 22-30 oM, MacakTaHy ke3iHme 25-38 cM® GONFaHIA KaJIbIITACAIbL. MyHnpai
arpoIeHO3JaFsl OHIMII (MacakThl) cabakrapaslH caHel 550-650 ,Z[aHa/Mz, HeMece TeKTapbiHa 5,5-6,5 MIH. Macak.
2) Opta Ooiimer, ipi xambelpakTsl Kypim yirinepi (4-15, K3POC 356, KenputopauHCKHT 5) MEH COpPTTapBIHBIH
(Mapskan, Apan 202, TyrickeH 1) eH >KOFapsl IoH ©HIMI €TIiCTIKTeri ©CIMAIKTEp THIFBI3ABUIBIFE] OHIIT IIBIKKAH Ke3/1e
280- 350 mama/m’, opy anmeiHzma- 220-250 nana/M’, eHimzi caGakrap causl 460-580 maHa/M’, HeMece TeKTapbIHA
4,6-5,8 MUIH. MacakThl cabakrap OonFaHa KajblmTacanpl. 3) Ayaca OOMWIBI, ipi KambIpakThl COPTHIHBIH (JInMaHn)
YKOFapbl JIoH OHIMIi eTiCTIKTETi 6CIMIIKTEp THIFbI3ABUIBIFBI OHIN MIBIKKaH Ke3ae 280-380 LIaHa/MZ, opy anaeiana 220-
310 nana/m>, enimai cabakrap canbl 550-650 naHa/M>, Hemece reKTapbiHa 5,5-6,5 MJIH. MacakThl cabakTap OoJiFaHIa
KaJIBIIITacaIbl.

Tyiiin ce3mep; Kypiw, COPT, arpolEeHO3 KYpPbUIbIMBIHA THIHAUTKBILTAP dcepi, ThIHANT-KbIIITAp 103aChIHA
0alaHBICTHI KYPIIll COPTTApPhI A9H OHIMIHIH KYpaTybl.

I'. 7K. MeneyoBa
Kazaxckuii rocynapcTBEHHBIH KEHCKHN Tlefarornieckuii yuuBepcutet, Anmarsl, Kazaxcran

®OPMUPOBAHME AT'POIIEHO30B COPTOB PUCA U YPOKAMHOCTH 3EPHA
B 3ABUCHUMOCTH OT J1O3bl YIOBPEHUSA

Annoranusi. Ha hopmupoBaHie BEICOKOTO ypoxKasi 3epHa y COPTOB M 00pa3lioB pHca, pa3iinyarolfecs no Bbl-
COTE U apXUTEKTOHUKE, OKA3bIBAIOT CYIIECTBEHHOE BIUSIHUE T'YCTOTA CTOSIHUSI PACTEHUI B arpoLIeH03aX, KOJIHUYECTBO
MPOXYKTHBHBIX cTebnel. Tak, mpu BHeceHuH ontumansHoN 10361 (N180P120 kr/ra n.B.) ynoOpeHuit BEICOKUI ypo-
kall 3epHa opmupyeTcs B ciaeayroIux ycnoBusx: 1) Beicokuii ypokaii 3epHa cpeTHEPOCIIBbIX, C Y3KUM, BEPTHUKAIIb-
HBIM pacnoniokenreM suctbeB (Kydanws 3, KpacHomapckuii 424, /ly6osckuii 129) oOpa3syercsi Ha BBICOKOIIPOIYK-
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THBHBIX [OCEBAX, MPH TYCTOTE CTOSHMA pUca 1Mo BexomaM 320-400 mr/m°, mepen yGopkoit -250-350 /M2, npu
TUTOIIAV TUTAaHUS OTHOTO pacTeHus 22-30 CM2, B TIEPHO BEIMETHIBaHUSA — 25-38 cm’. B takux arporeHo3ax KoJH-
4EeCTBO MPOLYKTHBHBIX cTeOlIeil paBeH 550-650 wT/M”, Wi Ha TeKkTape 5,5-6,5 MIH. MeTesok. 2) Bicoknii ypoxait
3epHa Y CPEeIHEepOCIIbIX, KPYHHOIUCTHBIX copToB (Mapixkan, Apan 202, ToryckeH 1) dopmupyercst Ha BBICOKOIPO-
JTYKTHBHBIX MIOCEBAX, NMPH TrycToTe cTostausa 280-350 /M2, epen ybopxkoii — 220-250 /M, mpu KomudecTse 460-
580 /M MIPOIYKTUBHBIX cTeOnel, miu 4,6-5,8 MIIH. MeTeNnoK Ha rektape. 3) Y HH3KOPOCIHBIX, ¢ KPYIHBIMH U
HIMPOKUMU JHCThsIMH copToB (JIuman) u obpasnos puca (ECM) Beicokuii ypoxaii 3epHa GOpMUpPYETCs IPU TYCTOTE
crosuust 280-380 mrt/m’, mepen y6opkoit — 220-310 mr/m’, mpu oGpasoBanmii 550-650 mT/M® MPOLYKTHBHBIX
crebneit, uiu 5,5-6,5 MIH. METEIOK.

KitroueBble ciioBa: puc, copTa, BIMSIHUE YIOOPEHUH Ha CTPYKTYpY arpoueHosa, GopMHUpOBaHUE ypoXKasl COp-
TOB pHCa B 3aBUCUMOCTH OT JI03 YIOOpEHHH.

Information about author:
Medeuova Galiya Jumakanovna, Cand. Sc. (Agriculture), Acting Professor, Kazakh National Women Teachers
Training University, Almaty, Kazakhstan; medeuova.galiya96@gmail.com; https://orcid.org/ 0000-0003-3750-4758
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THE STUDY OF NEUROTROPIC ACTION OF ALKALOIDS
AND THEIR DERIVATIVES

Abstract. The article presents the results of a study of the neurotropic action of alkaloids and their derivatives.
It was established that the studied compounds 8-acetylharmine, ((E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-bJindol-
8-y1)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one, lappaconitine and cytisine at a dose of 5 mg/kg have a neurotropic
effect, increasing the level of the orienting reaction of animals in the «Open field» test; they also normalize the
emotional state, reducing the level of anxiety and fear of animals in the test "Elevated plus maze".

Keywords: alkaloids, neurotropic action, emotional stress, alkaloid derivatives.

Introduction. Currently in the world there is an increase in the number of neurological patients, an
increase in the morbidity of the nervous system. Among the main causes of the spread of diseases of the
central nervous system can be called stress, psycho-emotional stress, which results in anxiety, depression,
develop of addictions [2]. In this regard, there is a significant interest of researchers to neurotropic drugs
[1]. Among the promising in the study of the neurotropic action of natural compounds alkaloid
compounds and their derivatives should be noted.

Alkaloids are a group of natural organic compounds that are synthesized by plants [3]. Alkaloids can
affect the central nervous system, including the nerve cells of the brain and spinal cord, which control
many of the functions of the human body and its behavior [4,5]. Experimental evidence has been obtained
that alkaloids have a broad spectrum of pharmacological properties, including neurotropic effects and can
selectively bind to receptors of nerve cells [4-11].

The most interesting in their chemical structure are the indole, isoquinoline, diterpene and pyrrolidine
alkaloids, among which there are substances with various combinations of methoxy, hydroxy, amino,
carboxy and heterocycles, as well as conformational and optical isomers, which can serve as a source for
obtaining various drugs, including neurotropic drugs.

Thus, the indole alkaloid, harmine, has an effect on the central nervous system (CNS), showing its
effect in neurological diseases [12, 13]. Diterpene alkaloids have a broad spectrum of biological activity,
which allows them to be considered as a source of promising pharmacological compounds [14, 15].

Objective: to study the neurotropic action of alkaloid compounds and their derivatives on experi-
mental stress models.

Material and Methods: The following compounds were presented for the study: harmine (1), 8-
acetylharmine  (2),  (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxyphe-
nyl)prop-2-en-1-one  (3), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b] indole-8-yl)-3-(2-fluoro-
phenyl)prop-2-en-1-one (4), delkozin (5), lappaconitine (6), cytisine (7), echinopsine (8).

Previously a computer simulation of the molecules of the substances and virtual docking with the
proposed biological target dopamine receptor D2 were carried out. The ligand-target interaction strength
was evaluated by the binding energy index.




ISSN 2224-5308 Series of biological and medical. 3. 2019

(M @

H;CO

OCH,

3) “4)

6' 2 NHCOCH;

(6)




News of the National Academy of Sciences of the Republic of Kazakhstan

The experimental part was carried out in accordance with the “Rules of the European Convention for
the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes” and according
to the requirements for the study of new pharmacological substances in adult rats (60 animals) equally
males and females, the initial body weight is 240 - 370g. Rats are from own vivarium of International
research and production holding "Phytochemistry" (Karaganda). The animals were in standard vivarium
conditions on the usual diet and free access to water and food. In addition, observations of the general
state of the animals were made: changes in the body weight of animals, motor activity, appetite and
response to external stimuli.

Emotional stress was modeled by placing the rats in tight plastic cylinders with their subsequent
immersion in water up to the neck level (20-22°C) for 2 hours daily for four days [16]. The test substances
at a dose of 5 mg/kg were injected to animals for seven days before emotional stress modeling and then
daily 1 hour before placing the animals in plastic cylinders. As the comparison drug, the drug “Piracetam”
(OJSC “Borisov Medical Preparations Plant” Republic of Belarus) [17] was used, which was administered
to animals in a similar pattern. All drugs were injected daily by mouth as an aqueous solution in a volume
of 1 ml/kg. The animals of the control and intact groups received purified water in an appropriate volume.

On the fourth day after emotional stress modeling, the behavioral effect of the studied compounds
was assessed using standard methods in the following tests: “Open field” [18] and “Elevated plus-maze”
[19].

The “Open Field” test represents a field with a diameter of 100 cm, bounded by 40 cm high sides.
The pad is laid out on 16 squares. The animal was placed in the center of the field and within two minutes
the number of stances (vertical locomotor activity) and locomotion (horizontal locomotor activity), as
well as grooming and the number of defecation (bolus) and urination were visually recorded. The mea-
surements were carried out in silence and under the light of a lamp.

As it is well known, emotional stress is characterized by a manifestation of fear and anxiety, there-
fore, the assessment of neurotropic activity was performed using the “Elevated plus-maze” test (anxiolytic
activity). The test method "Elevated plus maze" allows to identify the anxiolytic activity of drugs. It is
based on the ability of animals under the action of drugs to overcome the natural fear of falling from a
height and open areas [2]. The rat was placed in the center of the installation, which consisted of 4 arms,
crosswise diverging from the central platform at a right angle, 45 cm long and 10 cm wide (wall height of
closed arms is 10 cm): two opposite open, without walls, and two closed, dark. In the center of the laby-
rinth's criss-cross arms there is an open area measuring 10 by 10 cm. Experiments were carried out under
normal lighting for 3 minutes. The test allows to assess the level of anxiety of animals under the influence
of pharmacological agents. During the experiment, the time spent by animals in open and closed arms, the
number of entries in open and closed arms, the number of hanging and peeping from an open rm, the
number of stances, grooming, time spent on the central site, the latent period of the first entry into an open
arm, urination and defecation number were obtained.

Statistical processing of the results was carried out using the “Statistica 8.0” software package. The
results are presented as “mean =+ standard error of the mean”. Intergroup differences were assessed by the
non-parametric Mann-Whitney U-test. For pairwise related groups, the nonparametric Wilcoxon test was
used.

The results of the study. During the experiment, it was noted that the body weight of the rats in all
groups remained within the limits of the initial data; no significant changes in the weight gain of the
animals of all groups were observed (table 1).

Investigation of the effects of the studied compounds on the orienting-exploratory behavior of
animals using the “Elevated plus maze” method. According to a study it was found that emotional stress
increases a sense of fear and anxiety in animals. Thus, when checking the behavioral reactions in the
“Elevated plus maze” test, it was revealed that the rats of the control group had lower number of entries
into open arms and the time spent in them than those of animals of the intact group by 54.5% and 89.7%,
respectively . An increase in the number of entries into the labyrinth's closed arms in the control group of
animals by 25% also indicated a low emotional level. A decrease in the number of peekings and the
number of hanging of the control group rats compared with the indices of animals in the intact group was
recorded. The number of stances of the control group rats was absent.
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Table 1 — Data on weight gain of rats

Weight, g
Group
Before After
Intact rats n=6 296.3 £20.3* 297.0 £20.8
Control (without treatment) n=6 367.8+8.5 373.3+£10.2
The comparison group (Piracetam) n=6 328.0+12.0 3245+22.7
Harmine (Gar) (1),n=6 303,3 +£53,0% | 307,3 +49,6%
8-acetylharmine (2) n=6 287.5+18.6 291.3+24.3
;l?g;{i(_z)ﬁzer(tél)()zzél -methyl-9H-pyrido[3,4-b]indole-8-yl) -3-(2,4-dimethoxyphenyl)prop- 24304 10.2 241.8 + 6.0%
E)];le- }‘-‘()7I;136ethoxy-l-methyl-9H-pyrido[3,4- b] indole-8-yl)-3-(2-fluorophenyl)prop-2-en-1- 2875+ 18.6 258.0 + 323
Delkozin (5) n=6 295.3+£455 298.0+47.6
Lappaconitine (6) n=6 298.0+ 6.5 301.0+7.7
Cytisine (7) n=6 245.0 £ 8.4* 2433+ 6.7*
Echinopsine (8) n=6 264.3+26.2 262.3+£279
*p <0.05 compared with the values of the control group, n is the number of animals in the group.

In the group of animals treated with 8-acetylharmine (2), (E)-1-(7-methoxy-1-methyl-9H-pyrido|[3,4-
bJindole-8-yl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one (3), lappaconitine (6) and cytisine (7) at a dose of
5 mg/kg compared with the rats of the control group under conditions of experimental emotional stress
showed an anxiolytic (anti-anxiety) effect.

In particular, the time spent in a closed arm in groups of animals using lappaconitine (6) decreased by
23.9%, (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-
one (3) by 12.5%, cytisine (7) by 5.6% compared with the control group. The time spent by animals in
open arms in groups using (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxy-
phenyl)prop-2-en-1-one (3) increased by 78%, lappaconitine (6) by 76.4%, 8-acetylharmine (2) by 76.1%,
cytisine (7) by 64.1% compared to control. Time of staying on the central platform in the group of
animals that used lappaconitine (6) increased by 37.8% compared with the control. The administration of
the harmine (1), 8-acetylharmine (2), delkozin (5), lappaconitine (6) to rats reduced the number of closed
arms, as well as with the introduction of 8-acetylharmine (2) and lappaconitine (6), increased the number
of peekings. The number of hanging in groups of animals with the use of 8-acetylharmine (2) and
delkozin (5) increased. The number of defecation and urenations decreased in groups of animals using 8-
acetylharmine (2), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxyphenyl)-
prop-2-en-1-one (3), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b] indole-8-yl)-3-(2-fluorophenyl)prop-
2-en-1-one (4) and echinopsine (8) (table 2).

Investigation of the effects of the studied compounds on the orientational-exploratory behavior of
animals using «The open field» method. As a result of «The open field» test, it was found that animals
from groups using 8-acetylharmine (2), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl) -3-(2,4-
dimethoxyphenyl)prop-2-en-1-one (3), lappaconitine (6), cytisine (7) and echinopsine (8) at a dose of 5
mg/kg demonstrated a higher level of orientation reaction in «the open field» test, since the number of
horizontal and vertical movements is greater than the result of control group and is close to the value of
the reference drug group. In animal groups using 8-acetylharmine (2), lappaconitine (6) , cytisine (7) and
echinopsine (8) at a dose of 5 mg/kg, the number of urination and defecation is lower than in the control
group, the latency of exit from the center of the “open field” is higher (table 4).
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Table 2 — The effect of the studied compounds
on the behavior of rats in the test "Elevated plus maze"

Time spent Time Number of | Number of Number of
in a closed spent in a entries in entries in peekings,
Group .
arm, (s) open arm, | openarms, | closed arms, (times)
(s) (times) (times)
Intact rats n=6 59.5£11.8*% | 77.3£19.3 3.3+1.9 1.5¢1.3 3.0+2.4
Control (without treatment) n=6 161.0+15.6 8.0+1.2 1.5+0.6 2.0+£1.4 2.0£2.3
The comparison group (Piracetam) n=6 152.0£32.0 20.5£9.8 0.8£1.0 1.5+0.6 5.042.2
Harmine (Gar) (1),n=6 167,0+£8,7* 13,0+8,7 1,5+0,6 1,5+0,6 0,3+0,5
8-acetylharmine (2) n=6 141.3440.1 | 33.5£154 1.0+0.8 1.3+£0.5 3.0+£3.2
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-
bJindole-8-yl) -3-(2,4-dimethoxyphenyl)prop-2- 140.8+£32.3* | 36.3+17.9 1.5+0.6 2.0£1.2 1.8£1.0
en-1-one (3) n=6
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b]
indole-8-yl1)-3-(2-fluorophenyl)prop-2-en-1-one 167.5+5.6* 9.543.9 1.0+0.0 1.3+0.5 0.8+1.0
(4) n=6
Delkozin (5) n=6 164.5+11.5 9.8+4.2 1.3+0.5 1.3£1.0 1.8+2.4
Lappaconitine (6) n=6 125.5¢80.4 | 35.4£10.8 1.3+0.5 1.5+1.0 2.5+1.3
Cytisine (7) n=6 152.0+£23.6% | 22.3+6.3 1.3£0.5 2.0+0.8 1.3+0.5
Echinopsine (8) n=6 167.3+£12.2*% | 12.0+£2.0 0.8+0.5 1.3+£0.5 0.5+0.6
*p <0.05 compared with values of the control group animals, n is the number of animals in the group.
Table 3 — The effect of the studied compounds
on the behavior of rats in the test "Elevated plus maze"
Number of | Number Time spent in Number Number
Group hangings, | of stances, the central of of
(times) (times) platform, (s) | defecation | urination
Intact rats n=6 9.0£2.1 2.5£1.3 34.5+12.1 1.3£0.5* 0.5+0.6
Control (without treatment) n=6 2.5+£2.1 0 11.548.3 3.3+1.2 0.3£0.6
The comparison group (Piracetam) n=6 2.5+1.0 0.3+0.5 6.3+2.3 0 0.3+0.5
Harmine (Gar) (1),n=6 1,8+1,7 8,0+3,2 0,5+1,0 0,3+0,5 0,3+0,5
8-acetylharmine (2) n=6 4.3+1.5 0 3.5+1.9 0 0.3+0.5
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-
8-yl) -3-(2,4-dimethoxyphenyl)prop-2-en-1-one (3) 1.0+0.2 0 5.0+£3.1 0 0.3+0.5
n=6
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b] indole-
8-y1)-3-(2-fluorophenyl)prop-2-en-1-one (4) n=6 0.8+0.5 0 3.0£1.6 0 0
Delkozin (5) n=6 3.0+£2.2 0 5.3+2.2 0.8+0.5 0.5+0.6
Lappaconitine (6) n=6 2.8+1.5 0 18.5+9.7 0.3+0.5 0.3+0.5
Cytisine (7) n=6 2.5+1.7 0 1.3+0.10 0.3+0.5 0.3+0.5
Echinopsine (8) n=6 3.3+1.8 0 0.8+0.10 0 0.3+0.5

*p <0.05 compared with values of the control group animals, n is the number of animals in the group.
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Table 4 — The effect of the studied compounds on the behavior of rats in the test "Open field"

Spectrum of indicative Spectrum
research activity of anxiety
Grou, i
P Number of Vertical Grooming | Number of | Number of
horizontal | movement . .
s defecation urination
movements activity
Intact rats n=6 21.0+2.7 6.8+1.3 1.51.3 1.3£2.5 0.5+0.6
Control (without treatment) n=6 5.3+5.3 4.8£1.0 2.0+0.8 2.8+2.1 1.0+0.8
The comparison group (Piracetam) n=6 13.0+4.5% 6.8+2.9 1.0+0.8 2.5¢1.9 0.5+0.6
Harmine (Gar) (1),n=6 8,0+3,2 5,842,1 3,8+1,7 2,7+1,4 0,240,5
8-acetylharmine (2) n=6 17.0£5.9 4.542.5 1.0£0.8 0.3+0.5 0.34£0.5
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-
bJindole-8-yl) -3-(2,4-dimethoxyphenyl)prop-2-en- 13.8+6.3 9.0+£2.9 1.5+£1.7 2.2+0.9 0.0£0.0
1-one (3) n=6
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b]
indole-8-yl)-3-(2-fluorophenyl)prop-2-en-1-one (4) 9.54+2.6* 5.3+1.0 0.75+0.9 3.0+1.4 0.3+0.5
n=6
Delkozin (5) n=6 8.9+4.9* 4.842.8 4.0+0.8* 4.0+£3.2 0.5+0.6
Lappaconitine (6) n=6 13.3+£3.5%* 4.0+£2.2 2.3+1.3 0.3+0.5 0.3+0.5
Cytisine (7) n=6 24.8+7.0 7.8+£2.9 1.25+0.50 0.0+£0.0%* 0.3+0.5
Echinopsine (8) n=6 31.842.5 11.0£2.6 2.5%1.3 0.0+0.0* 0.3+0.5
*p <0.05 compared with values of the control group animals, n is the number of animals in the group.

Findings. As a result of the experiments, it was found that the alkaloids of the indole series 8-
acetylharmine (2), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-bJindole-8-yl) -3-(2,4-dimethoxyphe-
nyl)prop-2-en-1-one (3), diterpenic alkaloid lappaconitine (6), and also cytisine (7) at a dose of 5 mg/kg
show a neurotropic effect, increasing the level of the orienting reaction, normalize the emotional state,
lowering the level of anxiety and fear in animals.

According to the results of molecular docking, it was established that the studied molecules of the
alkaloid compounds of the indole series interact with the dopamine receptor D2. According to the results
of docking, the maximum indicators of binding are: (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-
8-yl) -3-(2,4-dimethoxyphenyl)prop-2-en-1-one (3) (G-score = -10.2), 8-acetylharmine (2) (G-score =
= -7.5), which indicates a good ability of these compounds to bind to the dopamine receptor D2.

Thus, it was established that alkaloid compounds 8-acetylharmine (2), (E)-1-(7-methoxy-1-methyl-
9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one (3) have a comparatively strong
bond with the dopamine receptor D2. The prospects for the development of new neurotropic drugs based
on alkaloid compounds have been identified.

Source of research funding. The work was performed under the grant project NeAP05134907
“Molecular docking and bio-screening of new natural compounds” with the financial support of the
Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan.




News of the National Academy of Sciences of the Republic of Kazakhstan

M. A. PomanoBa, P. b. CeiinaxmeroBa, H. A. ToxkTapxaH,
II. 7K. ’KanpimxanoBa, C. M. OnexeHoB

«DUTOXMMUSD) XaJIbIKAPAIBIK FEUIBIMH-OHIIpicTiK Xomauari» AK, Kaparanaper, Kazakcran

AJIKAJIOMATAP MEH OJIAPJIbIH TYBIH/IBIJIAPBIHbBIH
HEUPOTPOIITBIK OCEPIH 3EPTTEY

AHHOTanusi. Makanaaa ankajiouITap MEH OJapIblH TYbIHIbUIAPBIHBIH HEUPOTPOITHIK dCEPiH 3ePTTey HOTH-
JKeJlepl YCBIHBUIAABL. 5 MI/Kr no3agarsl 8-amermirapmud, ((E)-1-(7-Metokcu-1-mermn-9H-tmmpuno[3,4-bunmnon-8-
nin)-3-(2,4-nuMeToKCu(EHNIT) TPOM-2-€H-1-0H, JANIMaKOHUTUH JKOHE IWTU3WH KOCBUIBICTAPhl «AIIBIK alaHy
TECTIH/IE JKaHyapiapblH Oarjapiay peakUUsICHIHBIH JCHIeiiH KOTEepeTiH HEWPOTPONTHIK dcepre Ue eKeHJIr )KoHe
«KeTepiHKi KpecT Topi3ai JaOUPUHT» TECTIHIE OJIAPIbIH MA3achI3bIK ICHICil MEH KOPKBIHBIII CE3IMiH TOMCHIETII,
SMOIMSUIBIK JKaF/IaiibIH PETKE KeITIpeTiHl aHBIKTAJIIbI.

Tyiiin ce3aep: ankaiouaTap, HEHPOTPOITHIK dCEP, IMOIMSIIBIK KYH3EIiC, aKaIOUTapABIH TYBIHIbLIAPEL.

M. A. PomanoBa, P. b. CeiinaxmeroBa, H. A. ToxTapxaH,
I1. 7K. "KanbimxanoBa, C. M. AjiekeHOB

AO «MexayHapOaHBIA HAYYHO-ITPOM3BOACTBEHHBIN X0 IuHr «Puroxumus», Kaparanga

N3YYEHUE HEHPOTPOITHOI'O TEMCTBUS AJTKAJIOUIOB
U UX MPOU3BOJHBIX

AnHOTanms. B cratbe npescraBiieHbl pe3ysIbTaThl HCCIIEI0BAHUS HEHPOTPOITHOTO JEHCTBHS AJIKAIOUIOB U X
MIPOM3BOJIHBIX. Y CTAHOBJIEHO, YTO M3y4aeMble coeAnHeHus §-anerwirapmut, ((£)-1-(7-Merokcu-1-metnn-9H-nupu-
1o[3,4-burnon-8-mn)-3-(2,4-TMMEe TOKCU(PEHIIT ) [TPON-2-€H- | -OH,JIANTTAKO-HUTHHY [IUTH3HH B JI03¢ 5 MI/KT 00Ja-
JIAf0T HEMPOTPOITHBIM JICHCTBHEM, MOBBIIIAsT YPOBEHb OPHEHTUPOBOYHON PEaKIMU >KUBOTHBIX B TecTe «OTKpBITOE
0JIe», TAK)KE€ HOPMAIN3YIOT SMOLMOHAIBHOE COCTOSTHHE, TIOHWXAsi yPOBEHb TPEBOXKHOCTH U UyBCTBA CTpaxa y >KH-
BOTHEIX B TecTe «IIpUIOIHSTEIN KPEeCTOOOpa3HBIN JTAOMPHUHT.

KaroueBble cjioBa: ankaiaousl, HEHPOTPOIIHOE NEHCTBHE, 3MOLMOHAIBHBIA CTpEcC, MPOU3BOIHBIC ATKaIOU-
JIOB.
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SOME MORPHOLOGICAL PECULIARITIES OF
A GREAT GERBIL (Rhombomys opimus Licht 1823)
FROM THE MIDDLE ASIA DESERT PLAGUE FOCUS

Abstract. (Rhombomys opimus Lichtenstein, 1823) - the main host of the plague microbe (Yersinia pestis) in
the Central Asian desert focus of the plague. Despite the large number of scientific papers on various aspects of the
biology of this species, its population differences remain poorly studied. The material for the study was the collec-
tion of skulls of the great gerbil of the Kazakh Scientific Center for Quarantine and Zoonotic Infections named after
M. Aykimbaev. More than 600 great gerbil skulls were investigated in total. The purpose of the study was to clarify
the differences in the main signs of the structure of the head bones of a great gerbil from different parts of its range.
The article provides information on the main craniometric properties of gerbils from different parts of the range.

Key words: population, area, craniometry, host.

Introduction. The great gerbil (Rhombomys opimus Lichtenstein, 1823) belongs to the order Ro-
dentia, the family Cricetidae, the subfamily Gerbillinae. Thirteen subspecies of this rodent are described
in the literature, while according to some data it is believed that only a typical great gerbil is found in
Kazakhstan - Rhombomys opimus opimus (Figure 1), according to other sources there are three [1, 2].
A significant part of the range of this species runs through the territory of Kazakhstan [3]. Family life-
style and complex underground burrows, determine the important role of this species in desert
ecosystems, as well as close ecological ties with other members of biocenoses [4]. However, without in-
depth study of hosts, as well as their population differences, an understanding of the general patterns
occurring in natural plague foci seems impossible. Despite the fact that a large number of works were
devoted to various aspects of the biology of a great gerbil, there are still many issues to be studied. One of
which is the population variability of gerbils. This issue is of great academic and practical importance,
since it is believed that different populations may have different susceptibility to the plague microbe
[5, 6].

The study of the characteristics of the structure of the bones of the skull, can provide a key to the
question of how great the differences between representatives of the same species in different parts of the
range [7]. Craniometry is one of the main methods in systematics and population ecology for establishing
the taxonomic identity of a species, subspecies, or population. Despite the emergence of new molecular
genetic methods, morphological methods, in particular, craniometry, have been successfully used to this
day to determine the systematic affiliation of various species [8-12]. The study of differences in the linear
dimensions of the bodies of animals, as well as craniometric indicators, makes it possible to identify the
discontinuity between populations, as well as regional groups [13-17].

— (4 ——
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In this article, the authors provide information about the collection material of the skulls of the great
gerbil of the zoological museum of the Kazakh Scientific center for quarantine and zoonotic diseases
named after M. Aykimbaev.
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Figure 1 — The location description scheme of 13 great gerbil (Rhombomys opimus) subspecies within the range:
1 - R. 0. obolenskii, 2 - R. o. pallidus, 3 - R. 0. opimus, 4 - R. 0. minor, 5 - R. 0. sodalis, 6 - R. 0. sargadensis,
7 - R. 0. dalversinicus, 8 - R. o. fumicolor, 9 - R. 0. major, 10 - R. o. giganteus, 11 - R. 0. pevzovi,
12 - R. o. alaschanicus, 13 - R. o. nigrescens [1]

Materials and methods. The authors investigated skulls of great gerbil from the museum collection
of the Kazakh Scientific center for quarantine and zoonotic diseases named after M. Aykimbaev.

The studied gerbil skulls were mined from the following places: Taukum desert, Zhalanashkol,
Northern Karakum (Turkmenistan), Moyynkum desert, Fergana depression, Panfilov district (now Almaty
region), Mangyshlak, Kalmykovo, Bakanas ancient delta plain, Northern Pre-Aral. It should be noted that
the collection materials were the 60-70-ies of the last century, moreover, the exact coordinates of the
location of the gerbil were not indicated. In this regard, we have used only available data.

623 skulls were measured, according to 5 characteristics, and only mature individuals were exa-
mined. Such parameters were measured as the total length of the skull, the condylobasal length of the
skull, the length of the cerebral part of the skull, the maximum width of the skull, the maximum height of
the skull. Males and females were measured and recorded separately, due to the presence of sexual
dimorphism in great gerbils. Skulls were measured with caliper (SHC-1 GOST 166-89). All parameters of
the measured skulls were entered into the MC Excel electronic database.

Below are tables with craniometric data for representatives of various populations of great gerbil
(tables 1 and 2).

Results. In general, the most significant indicators in the total and condylobasal length of the skull
are found in gerbils from Taukum, Zhalanashkol, Bakanas ancient delta plain (BAP). Then were gerbils
from the Panfilov region, the Northern Karakum (Turkmenistan) and the Northern Pre-Aral. Gerbils from
the Fergana depression, Kalmykovo region of West Kazakhstan oblast, are even less long, but they are
larger than the gerbil from the Moynkum desert and Mangyshlak (figure 2).

The maximum width of the skull was greatest by males from the Northern Karakum, Zhalanashkol,
Taukum, Panfilov region, and Bakanas ancient delta plain. Then, followed gerbils from Kalmykovo and
Northern Pre-Aral, Fergana depression and Mangyshlak. Gerbils from the Moynkum desert had the
smallest width of the cerebral part.

The length of the cerebral part. Males from Bakanas ancient delta plain, Taukum desert, Zhalanash-
kol, Northern Karakum, Panfilov district, Northern Pre-Aral, Fergana depression and Kalmykovo had the
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Table 1 — Craniometric parameters (mm) of males of great gerbil
from different parts of the range, above limits, below average

Para- Taukum | Zhala- | Northern | Moyyn- | Fergana | Panfilov | Man- Kalmy- | Bakanas | Northern
meter desert nashkol | Karakum kum  |depression| district | gyshlak kovo ancient | Pre-Aral
(Turkme- | desert (West plain
nistan) Kazakh-
stan
region)
Total length | 42.8-47.6 | 42.1-46.5 | 41.5-46.5 | 35.9-44.2 | 41.9-45.1 | 43-46.3 |[32.3-42.1] 40.9-45.5 | 42.1-47.5| 42.8-44.5
of the skull 44.8 44.7 43.9 414 43.3 44.3 38.3 43 44.5 43.6
Slol‘;ﬂyiﬁb;fs 40-44.8 [39.4-442 | 39-43.8 [32.2-42.1|38.8-42.1 [40.8-44.1| 29.9-40 | 38.9-43.6 | 40.6-44.2 | 40.5-42.1
& 423 42.3 41.5 39 40.6 41.8 36.1 40.8 42.2 41.3
the skull
Eleenfft:?egial 17.2-20.81 17.1-20.1 | 17.2-20 | 14.5-18.9 | 17.2-19.2 [ 17.5-19.6 | 13.3-18 | 17-19.5 [17.9-20.8 ] 17.8-19.2
part 18.9 18.8 18.6 17.5 18.3 18.5 16.1 18.3 19.2 18.4
Maximum | 22.5-26.8 | 22.5-26.2 | 23.9-25.7 | 20.8-24.8 | 21.6-24.2 | 22.2-25.6 [17.5-23.5| 22.1-25.2 | 22.6-26.3 | 22.8-24.2
skull width 24.4 24.8 24.8 23 23.1 24.2 21.3 23.7 24.1 23.7
Maximum | 14.5-16.7| 14.6-16.2 | 14.2-15.5 | 13.8-15.6 | 14.6-15.6 | 14.1-16.2|12.9-15.6] 14.2-16 |14.8-16.2| 14.9-15.8
skull height 15.5 15.4 15.1 14.7 15.2 154 14.3 15 15.4 15.3
Table 2 — Craniometric parameters (mm) of great gerbil females
from different parts of the range, above the limits, below the average
Kalmy-
Northern Movvn- kovo Bakanas
Parameter Taukum | Zhala- | Karakum kyri/l Fergana | Panfilov | Man- (West ancient Northern
desert nashkol | (Turkme- . depression| district | gyshlak [ Kazakh- . Pre-Aral
. desert plain
nistan) stan
region)

Total length | 40.1-43.5 1 39.9-46.9 | 40-45.4 | 36.9-43 | 40.8-41.5 | 38.5-42.9 B1.5-41.5] 40-44.5 | 38-43.5 |[40.1-42.5

of the skull | 42.2 43 42.7 39.6 41.2 41.4 37.9 41.9 40.9 41.6
acl"lgiyiﬁb(;“fs 37.9-41.2 | 38.2-43.9 | 38.2-42.8 | 34.1-40.9 | 38.7-39.5 | 36.2-41.8 P9.5-38.9| 37.5-41.2 | 35.9-42.1 | 37.1-39.9
& 39.9 40.4 40.6 37.3 39.1 39 35.5 39.7 38.8 38.8
the skull
ﬁ;“ffrlegfal 17-18.8 | 16.5-19.1| 17-18.9 | 15.5-18.4 | 16.8-17.8 | 16.2-18.3 [12.8-17 | 16.7-18.6 | 16-18.8 | 16.1-17.9
part 17.8 17.6 17.9 16.6 17.4 17.1 15.4 17.7 17.5 17.4
Maximum | 22.5-24.4 | 22.2-26.5 | 23-25.4 |20.6-24.1| 22.1-23 |21.1-25.2 [17.8-23.1| 14.5-25.1 | 21.2-25.1 | 22.1-23.8
Skull width |  23.4 24 24.1 222 22.6 23.2 21.2 22.7 22.9 23.1
Maximum | 14.1-15.5 | 14.1-16.8 | 14-15.5 | 13.6-152|14.6-152| 14-155 [12.3-15.5) 12.2-15.7 | 13.8-15.8 | 14.5-15.1
skull height | 14.9 15.1 14.7 143 14.9 14.7 13.9 14.6 14.6 14.8

most long-cerebral part, while gerbils from Moyynkum shorter, but longer than gerbils from Mangyshlak.
A similar trend was found in relation to the maximum height of the skull (figure 3).

Females from the Zhalanashkol, Northern Karakum, Taukum, Kalmykovo, Northern Pre-Aral
regions possessed the greatest total length of the skull. Then followed samples from the Panfilov district,
the Fergana basin and the Bakanas ancient plain. While the gerbils from Moynkum and Mangyshlak were
significantly smaller.
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Figure 2 — Total and condylobasal length of the skull in males of great gerbils from different habitats
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Figure 3 — The length of the cerebral part, the maximum width and maximum height of the skull
in males of great gerbils from different habitats
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As for the condylobasal length, the Northern Karakum and Zhalanashkol prevailed here. While
females from the Taukum desert and Kalmykovo were slightly inferior to the above-mentioned places,
while the Panfilov district, the North Pre-Aral region, the Bakanas ancient plain, and the Fergana
depression were similar. Skulls from Moiynkum and Mangyshlak were characterized by the smallest
length (figure 4).

Northern Pre-Aral
Bakanas ancient plain
Kalmykovo
Mangyshlak

Panfilov district
Fergana depression
Moyyunkum desert
Northern Karakum
Zhalanashkol

Taukum desert

0 5 10 15 20 25 30 35 40 45

B Condylobasal length of the skull B Total length of the skull

Figure 4 — General and condylobasal length of the skull
in females of great gerbils from different habitats.

The maximum width of the skull was greatest for skulls from the Northern Karakum and Zhala-
nashkol, then from Taukum, Panfilov region and Northern Pre-Aral region. The Bakanas ancient plain,
Kalmyokovo and Fergana depression followed after, and the skulls from Moyynkum and especially
Mangyshlak had the smallest width.

Significant differences in the maximum height of the skull were not found, we can only select a few
large parameter in gerbils from Zhalanashkol, Fergana depression, Taukum, Northern Pre-Aral, Panfilov,
Kalmykovo, Bakanas ancient plain and Northern Karakum. Skulls from Moynkum and Mangyshlak also
had the lowest height.

The length of the cerebral part was the largest by gerbils from the Northern Karakum, Taukum
desert, Kalmykovo, Zhalanashkol, Bakanas ancient plain, Northern Pre-Aral and the Fergana depression.
Skulls from Panfilov region had a slightly smaller length, the most modest indicators were those of the
Moyynkum desert and Mangyshlak (figure 5).

Findings. Considering the results of the study, it can be said that there are differences in some para-
meters of the skull between gerbils from different populations of its range. The distinction between the
gerbils from Moynkum and Mangyshlak in particular is striking. Perhaps this is due to habitat conditions
and food resources. Despite the fact that all studied gerbils from its Kazakhstan part of the range live at
the same latitude and belong to the so-called subzones of the northern deserts [18], it is still likely that
the Bergman’s rule comes into force here [19]. What is indirectly confirmed by other researchers
[20-22].
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Figure 5 — The length of the cerebral part, the maximum width and maximum height of the skull
in females of great gerbils from different habitats
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Figure 6 — The location description scheme of regional complexes and autonomous groups of populations
within the range of a great gerbil (Rhombomys opimus). Regional complexes:
1 - Central Iranian, 2 - Sistan-Balochistan, 3 - Southeast Karakum, 4 - Karshi, 5 - Turkmen, 6 - Mangyshlak,
7 - Ustyurt, 8 - Kyzylkum, 9 - Northeast Pre-Caspian, 10 — Pre-Aral, 11 - Betpakdala-Muyunkum,
12 — Pre-Balkhash, 13 - Ilian, 14 - Dzhungarian, 15 - Gobi-Beyshan, 16 — Gobi-Alashan,
Autonomous population groups: A - Prearaksinsk, B - Ferganian, B - South Tarim, G - Oroknur, D - Bayandov [18]
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The total and condylobasal length of the skull in both females and males had differences between
populations. Parameters such as the maximum width of the skull and the length of its cerebral part varied
greatly between representatives of different habitats, in both sexes. What is probably associated with
different body weight in representatives of different populations. At the same time, the maximum height
of the skull varied slightly, which is probably not related to the body weight of the animals.

Perhaps the explanation for the fact that the skulls of the gerbils from Mangyshlak differed most
strongly from others lies in the fact that they belong to another regional complex [23], namely, the Ustyurt
(figure 6). In this case, how to explain the similarity of representatives of other regional complexes among
themselves? This question remains open. It is obvious that without complex studies involving morpholo-
gical and molecular genetic methods, it is not possible to find an explanation for this phenomenon.

Source of research funding. The work was prepared within the framework of the grant financing
project: “Population ecological options of a host, vector, and causative agent of plague in the Central
Asian natural desert plague focus”. (Code of the program AP05133153).

A. B. Ecxkanos', 3. 3. Casikosa', B. I1. Cagosckas', C. T. Hyprazun’,
H. I1. Ka6bimesa', A. C. Kynycoa', A. A. A6aupacniosa’,
A. K. Poicbexoa’, B. b. Atma6ap’

1KP JACM «Macryt AlikpiMOaeB aTbiHaarel Ka3ak KapaHTHHIIK dKOHE 300HO3/BIK,
uHbexysuap reutbiMu opTansire» PMKK, Anmatel, Kasakcras,
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OPTAA3ZMSUIBIK IIOJIAI OBA OINAFBIHJIAYBI YJIKEH K¥YMTBIIIKAHBIHbIH
(Rhombomys opimus Licht 1823) KEUBIP MOP®OJIOT'USJIBIK EPEKIIEJIIKTEPI

AnHotanusiio (Rhombomys opimus Lichtenstein, 1823) — Opraa3usuibK el o0a omIarbIHIaFb HETi3ri 00a
MUKpOOBIH (Yersinia pestis) Tacmanmaymsickl. OChl TYPIiH OHOJOTHSIBIK acIIeKTUIepiHe apHAIFaH FHUTBIMU €HOCK-
TEpIiH Kell OoiFaHblHA KapamacTaH, OJapblH MOIMYJIALIUUIBIK albIpPMAIIbIIBIKTaphl a3 3€pTTENTreH. 3epTTey Mare-
puassl M. AlikeiMOaeB aTeiHAarbl Ka3ak KapaHTHHAIK KOHE 300HO3IBIK HHGEKIUIIAP FHUIBIMHA OPTaJIbIFBIHBIH KOJI-
JEKIISUTBIK MaTepUaNbiHaH albIHABL. bapisrel 600-1eH acTaM YIKeH KYMTHIIIKAHBI 3epTTeNAl. 3epTTey IiH MaKCaThI
SPTYPJTi AlMaKTHIK OeiMIepae TapaiFaH YIKSH KYMTHIIIKAHIAPBIHBIH 0ac CYHeKTepi KYPBUIBICHIHBIH HEri3ri Oenri-
JepiH aHbIKTay 00J1bl. Makanana spTypiii aliMakThIK Tapairy OeriMIepiHIeri YJIKeH KYMTHIIIKaHapbIHBIH HETi3ri
KPaHUOMETPHSUIBIK €pPEeKIICTIKTEepiHe aHbIKTaMa Oepiii.

Tyiiin ce3aep: nomynauus, aiMak, KpaHHOMETPHS, TaCBIMAAAYIIIBI.
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'PI'TT «Ka3axckuii HayuHbIi IEHTP KAPAHTHHHBIX U 300HO3HBIX HH(eKIHii uM. Macryra AlikumGaesa» M3 PK,
Anmartsl, KazaxcraHn,
*«Kasaxckuil HallHOHANBHbIH yHUBEpCHTET UM. anb-DPapadu» MOH PK, Anmatsl, Kazaxcran

HEKOTOPBIE MOP®OJIOI'NYECKHE OCOBEHHOCTH
BOJIbIIIOM ITECYAHKH (Rhombomys opimus Licht 1823)
N3 CPEJHEA3ZUATCKOI'O ITYCTBIHHOI'O OYAT A YYMbI

Annoranusi. (Rhombomys opimus Lichtenstein, 1823) — ocHOBHOI HOcHTeNb YyMHOTO Mukpoo6a (Yersinia
pestis) B CpenHeasHaTcKOM MyCTBIHHOM o4are 4yMbl. HecMOTpsi Ha GOJBIIIOE KOJHYECTBO HCCIICIOBAHHUM, TOCBS-
[IEHHBIX PA3JIMYHBIM aCMEKTaM OWOJOTHH JaHHOTO BHJA, ero Aud(epeHnuanusi Ha OTAEIbHBIE MPHUPOIHBIE TO-
MYJISIIUK, BBHJY HEIOCTATOYHON H3yYEHHOCTH, OCTAETCSA HE JO0 KOHIA CHOW. B mocieqHue rojbl MOSBUIUCH
€/IMHUYHbIe PabOThI M0 U3YYEHHUIO T€HOMA PAa3JINYHBIX BHYTPUBUIOBBIX IPYIIIHUPOBOK OOJBINON MECYAHKHU, OJHAKO,
METOJIbI, OCHOBAHHBIC Ha CPaBHUTEIBHOM HWCCIEIOBAHMH KPAaHHOMETPHUYECKHX IOKA3aTelied y IpeICTaBUTeCH
JAHHOTO BHZA W3 Pa3IMYHBIX M30JHPOBAHHBIX MOMYISAINM, OCTAIOTCS aKTyalbHBIMH. MaTepranoM IS HCCIleIoBa-
HUS TIOCITY>KHJIa KOJUIEKITHS YePEroB OOIBIIOH mecuankn Ka3axckoro HayqHOTO [EHTpa KapaHTHHHBIX W 300HO3HBIX
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uHpekmii uM. M. AiikuMOaeBa. Beero Obu1o mccienoBaHo Ooliee MIECTHCOT YEPEToB OOJNBIION MECYaHKH U3 Pa3-

TMYHBIX pernoHoB CperHea3naTcKoro MyCTHIHHOTO odara yyMsl. Llenpio nccinenqoBanus ObUTO BBISICHEHNE pa3Indnil

B OCHOBHBIX IIPU3HAKAX CTPOCHUS TOJOBHBIX KOCTEH OOJBIION IMeCYaHKH U3 PA3IMYHBIX YacTel ee apeana. B crarbe

Jaetcs HHpopMaIys 00 OCHOBHBIX KPaHHOMETPHUYECKUX ITOKa3aTeNIsAX MIeCYaHOK U3 Pa3InYHbIX YacTel apeaa.
KaroueBble c10Ba: momyssinus, apeall, KpaHHOMETPHS, HOCUTEIb.
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