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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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CHEMICAL RESEARCH AND BIOLOGICAL ACTIVITY
OF PLANTS OF THE GENUS ATRAPHAXIS (A. SPINOSA)

Abstract. In this article identifies new sources of obtaining biological substances from plants of the genus
Atraphaxis (A. spinosa) prepared in the Almaty region.

According to well - known methods, the analysis of indicators and standards of raw material quality-humidity,
total ash, sulphate ash, insoluble ash in 10% hydrochloric acid-was developed and carried out.

Micro- and macroelements determined by atomic absorption spectroscopy. Analysis of the elemental
composition shows that iron predominates from microelements, and sodium, potassium and calcium from
macronutrients.

Conditions for obtaining a biologically active complex from the aboveground part of Atraphaxis spinosa
developed for the first time. The optimal conditions for obtaining the complex are extractant — 50% ethanol, the ratio
of extractant and raw materials — 1:8, double extraction time — 48 hours, temperature — 22 - 26 °C.

The lipophilic composition identified by chromatography-mass spectroscopy. Since lipophilic fractions of plant
samples include such classes of compounds as fatty acids; mono-; di-; triglycerides, phospholipids, sterols, Sterol
esters, glycolipids, fat-soluble vitamins, they can considered not only as nutritional products, but also as possible
pharmacological agents. The content of lipophilic components — 26 organic compounds-was determined. It found
that A. spinosa contains a large amount of di - (2-ethylhexyl) phthalate (54.66%) and B-sitosterol (13.11%).

A complex study of plant resources as medicinal raw materials provides for the chemical study of biologically
active substances and biological screening of extracts and individual compounds obtained from plants. In most cases,
the extract showed a wide range of antibacterial activity against the used strains of microorganisms.

Key words: Atraphaxis spinosa, mineral composition, plant quality, lipophilic composition, biological activity,
Polygonaceae family.

Introduction. The family Polygonaceae includes about 27 genera and 800 species. Kazakhstan
species of plants of the genus Atraphaxis have not systematically studied; therefore, the study of the
chemical composition, the development of methods for the isolation of potentially biologically active
substances, the study of biological activity, and the development of new drugs and herbal remedies are
relevant [1].

The object of the study was Atraphaxis spinosa of the Polygonaceae family germinating in the
Almaty region of the Republic of Kazakhstan [2-4].

Biologically active substances contained in the plant Atraphaxis spinosa. The roots of the plant
contain flavonoids. In the aerial part - alkaloids. The leaves of the plant contain tannins. The flavonoids
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compounds - spinoside. 3,8,3', 4'-tetrahydroxyflavon, luteolin 7-methyl ester, 3-B-L-rhamnopyranoside
3,8,3", 4'-tetrahydroxyflavone, 4'-a-D-glucofuranoside 7-luteolin 7-methyl ester, 4'-B-D-glucofuranosyl-
6-p-D-glucopyranoside 7-O-luteolin methyl ester.

Materials and methods. The aerial part of Atraphaxis spinosa, which grows in the Almaty region,
used as the object of study. In the studied object, the quantitative content of macro- and microelements
was determined. The elemental composition determined by atomic absorption spectroscopy on an ASSIN
instrument from Karl Zeiss [5].

For determination of the lipophilic composition of the plant, Atraphaxis spinose use Soxhlet
apparatus. The resulting extract was concentrated under mild conditions (water bath temperature
40-45 °C) after them, sample concentrate and analyzed on Agilent Technologies 7000 GS / MS system.
Component identification carried out automatically by analogy with the known mass spectra of samples
stored in the Wiley database [8-18].

Determination of the biological activity of a plant. The plant extracts used in this study coded as
AS-1. The following eight strains used in this study, which included two-Gram positive strains;
Staphylococcus aureus ATCC 6533 and Staphylococcus epidermidis ATCC 12228. Four-Gram negative
strains, which included;

Escherichia coli ATCC 10536, Pseudomonas aeruginosa ATCC 15442, Klebsiella pneumoniae
ATCC 700603, Stenotrophomonas maltophilia ATCC 13637, Candida albicans ATCC 10231. In addition
to fungi strains, Aspergillus fumigatus ATCC 36607. All strains obtained from ATCC, Medical
Microbiology Laboratory, Gazi University, and Ankara, Turkey.

As briefly, all strains cultured on tryptic soy agar (OXOID, Turkey) and aerobically incubated at
35 °C for 24 hours. Then the bacterial cultures were suspended into steril saline (0.85% NaCl) and
adjusted to 0.5 McFarland turbity (10 ® cfu/mL). We used 96-well, round-bottom microtiter included
negative controls (medium with plant extract only) and positive controls (medium with bacteria only) and
10 serial twofold dilutions of each eight plant extracts ranging from 0,0075-5 mg/mL with a final
concentration of the bacterial cell suspension equal to 1 x 10° colony forming units per milliliter
(CFU/ml). All inoculated plates incubated as mentioned above. MICs evaluated after 24 hours.
MBC/MFCs performed by subculturing of 10 pl from all wells, which exhibited no visible growth
(concentration equal or higher than of MICs) on Mueller Hinton agar-free plant extract and incubated as
mentioned above. MBC/MFCs evaluated after 24 hours. Tests repeated twice or more and mean values
reported.

Results and 1its discussion. Medicinal vegetable raw materials must not contain moisture above
acceptable standards, so as increased humidity, it is not necessary to store food. For the majority of species
of medicinal, healthy raw materials, the acceptable moisture limit is usually 12—15%. The data presented
in tables 1.

Table 1 - Benign indicators of the aerial part of Atraphaxis spinose

Index Content, %
Humidity 5,7
Total ash 7,32
Ash insoluble in 10% hydrochloric acid 0,36
Sulfate ash 6,9

It was found that humidity corresponds to "not more than 10%", total ash - "not more than 11%", ash
insoluble in 10% hydrochloric acid "not more than 1%", sulfate ash - "not more than 10%".

The study of the content of macro- and microelements in the studied sample of the aerial part of
Atraphaxis spinosa is of interest in connection with the high biological role of individual chemical
elements. In the etiology of many diseases, a significant role-played by a violation of the exchange of
elements in the human body at the subcellular, tissue and organism levels. So, correlations between their
imbalance and various pathologies are noted. In many diseases, the level of micro and macro elements
decreases, so the search for new types of plant materials as valuable additional sources of micro and macro
elements is an urgent task [3,5].

Data on the mineral composition obtained by atomic absorption analysis carried out on the material
and technical basis of the center of physicochemical methods of analysis.

The results are presented in tables 2 and 3.
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Table 2 - The quantitative content of trace elements in the aerial part of Atraphaxis spinosa

Element Cu Cd Pb Fe Ni Mn
Mass in sample, mg/ml 0.9827 0.5031 2.8704 92.0683 2.2263 14.2490
The content in the sample, % 0.00009 0.00005 0.00023 0.00915 0.00022 0.00138
Table 3 - The quantitative content of macronutrients in the aerial part of Atraphaxis spinosa
Element Zn K Na Mg Ca
Mass in sample, mg/ml 343.2117 2600.0997 1161.3053 210.0357 4790.358
The content in the sample, % 0.0339 0.260 1.161 0.021 0.479

From these tables it follows that the content of Na, K exceeds the concentration of Na +, K + in the
Atraphaxis spinosa plant under saline conditions, and they quickly diffuse inward and easily saturate the
cell sap. For halophytes, ion pumps operate in the opposite direction, pumping out excess Na +, K +
cations in exchange for H + ions. The highest Ca content is also noted.

It known that a number of trace elements that accumulate by plants play a positive role in the
biosynthesis of biologically active substances. It established that plants producing polyphenolic
compounds, coumarins, vitamins, selectively absorb copper, zinc, manganese. By the quantitative content
of trace elements, iron dominates in the aerial part of Atraphaxis spinosa. In addition, a large amount
contains manganese.

The specific need of halophytes for a certain concentration and composition of ash elements serves as
the scientific basis for developing methods for introducing halophytes in botanical gardens. The content of
macro- and micronutrients in raw materials meets the MPC standards.

Biologically active substances from A. spinosa extracted with 50% ethyl alcohol in the ratio of raw
solvent 1:8, at room temperature for 48 hours. The resulting extract was concentrated in the vacuum of a
water-structural pump. For preliminary separation of BAS, fractional hexane extraction performed.
Hexane extract was analyzed by chromatography - mass spectrometry. The data presented in table 4.

Table 4 - Lipophilic composition of the plant

Ne Name of compound Formula RT Share,%
1 Tridecan C3Hog 6,79 1,20
2 Gibylphthalate C6H2,04 20,53 1,15
3 Palmitic acid Ci6H3,0, 20,63 1,22
4 9.17 - Octadecandianal CsH3,0 23,98 3,95
5 2 -Nadonecanone C9H330 26,70 1,44
6 1.21- Docosadien CyHyo 28,64 0,56
7 Di (2-ethylhexyl) phthalate Cy4H;3504 30,65 54,66
8 Tricosan Cy3Hyg 32,72 0,68
9 a - Toxopyro B Cy9Hs500y4 34,92 1,92
10 Eicosan CyoHy, 35,50 1,10
11 4,5-Dimethyl benzenediol-1,3 CgH 00, 37,65 0,48
12 1-Chlorheptacosan C,7Hs55CI 38,10 0,76
13 Vitamin E Cy9H500, 38,60 0,75
14 P- (3-methoxy-2-methyl) propanamide CsH[|NO, 38,70 0,50
15 1,3-Benzenediol 5-pentadecyl C¢HeO, 39,65 4,70
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16 Campester CyrgHyO 39,79 0,74
17 Stigmaster CyroHyg0 40,20 1,50
18 2-Methyl-5- (methyl ethyl) cyclohex sen CioH,c0 40,29 2,57
19 B-Systerol C,9H500 41,03 13,11
20 a-Amirin C30H500 41,73 1,89
21 lanosterol C;0H500 42,02 0,50
22 lupeol C30H500 42,10 2,40
23 Stigmast-4-en- 3-one CyoHy0 42,90 0,86

Various derivatives of hydrocarbons of lipophilic substances of a plant of the genus A.spinosa were
found: tridecane (1.20%), dibylphthalate (1.15%), palmitic acid (1.22%), 9.17 - octadecandianal (3.95%),
2 -nadonecanone (1.44%), 1.21-backed (0.56%), di (2-ethylhexyl) phthalate (54.66%), tricosan (1.02%), o
- toxopyro B (0.90% ), a - toxocipro B (1.10%), eicosan (10.48%), 4,5-dimethyl benzenediol-1,3 (0.76%),
1-chlorheptacosan (0.75%), vitamin E (0.64%), P- (3-methoxy-2-methyl) propanamide (4.70%),
1,3-benzenediol 5-pentadecyl (4.70%), campester (1.50%), stigmaster (1.89%), 2-methyl-5- (methyl ethyl)
cyclohexsen (2.57%), B-systerol (13.11%), a-amirin (1.89%), lanosterol (0.50%), lupeol (2.40%),
stigmast-4-en- 3-one (0.86%).

It found that a large amount of A. spinosa contains Di - (2-ethylhexyl) phthalate (54.66%) and

B-sitosterol (13.11%).

The MIC and MBC/MFC values shown in table 5 and 6.

Table 5 - Minimum Inhibitory Concentration (MIC) of various plant extracts against different strains

. . . MIC mg/mL

Microbial strains AS-1
S. aureus 0.075
S._epidermidis - o005 |
E. coli 0.625
P. aeruginosa 0.156
K. pneumonia 0.078
S. maltophilia 0.156
C. albicans 0.312
A. fumigatus 2.5

Table 6 - Minimum Bactercidal Concentration (MBC/MFC) of various plant extracts against different strains.

) ) ) MBC/MFC mg/mL
Microbial strains
AS-1
S. aureus
S. epidermidis
E. coli 1.25
P. aeruginosa 0.625
K. pneumonia 0.312
S. maltophilia 0.625
C. albicans 1.25

A. fumigatus

>5 >5

In most cases, extracts exhibited a broad spectrum of antibacterial activity against used microbial
strains. AS-1 showed the lowest MIC values (0.0075 mg/mL) with respect to S. aureus and S. epidermidis.
MBC values of 0.03 mg/mL for AS-1.

Conclusion. Thus, the elemental composition and benignity of the aerial parts of the plant Atraphaxis
spinosa studied. It established that the benignity of the plant does not exceed acceptable values.
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As a result, the plant can considered medicinal raw materials. An analysis of the elemental
composition showed that Fe prevails from microelements, and Na, K and Ca from macroelements.

The lipophilic composition and biological activity of the plant was also established. It found that a
large amount of A. spinosa contains di - (2-ethylhexyl) phthalate (54.66%) and B-sitosterol (13.11%).

These plant extracts could be new antimicrobial agents with significant potential. This matter may be
due to the materials extracted from various solvents

A.K. Ymberopa', I'.III. Bypamesa', E.C. Uxcanos',
K.T. Aﬁmucynosa', A. Beiitaan?, C.H. Cararopa’, JI.LK. Ackanona'

'On-Mapabu ateiHars! Ka3ak yITThIK YHHBEPCUTETI
JKana TexHONOTHsIIap MEH MaTepHalap FhUIBIMU-3€pTTey HUHCTUTYThI, AnMatsl, Ka3zakcTas;
2I[eHcaym)H< FBUIBIMAAPHI yHUBepcuTeTi, CtamOyi, Typkus

ATRAPHAXIS (A.SPINOSA) TEKTEC ©CIMAITI'TH
XUMUAJBIK 3EPTTEY )KOoHE BUOJIOTI'UAJIBIK BEJICEHALIITT

AnHotanusi. Makanmaga AnMaTel OONBICHIHIA NalbIHOANFaH Atraphaxis (A. spinosa) TeKTec OCIMIIKTECH
OHMONOTHSIIBIK 3aT ANyAbIH JKaHa K31 alKpIHAaNabel. benrim ogictep OoibIHIIA MIMKI3aT CalachIHBIH KOPCETKINI MEH
HOpManapbl — BUIFAJLABUIBIK, KAl KYJ, CcyiabdarTsl kKya opi 10% Ty3 KbIMIKBUIBIHAA €PIMEHTIH KyJI aHBIKTay
capanTaMajgapbl KYPri3iami. ATOMIBIK-a0COPOIUSUIBIK CIIEKTPOCKONHS OMICIMEH MHKDPO JKOHE MaKpOIJIEMEHTTIK
KypaMbl aHBIKTaIABl. DJIEMEHT KypaMblH Tajgay MHKPOIJIEMEHTTepIeH TeMip OachlM, all MaKpOdJIeMEHTTepACH
HATPHUH, KK KOHE KaIbIUil 0aChIM €KCHIH KOPCETE/Ii.

Aunram per Atraphaxis spinosa xepycti OeniriHeH OHMOJIOTUSUIBIK OJICeH[I KEeIeH i aly »Karnailbl jKacasibl.
Kemien amy yIIiH aHBIKTaJFaH OHTAMIBI jKarmaimap: skctpareHT — 50% 93TaHON, 3KCTPAreHT IeH MIMKI3aTThIH
apakaTbIHachl — 1:8, eKipeTTIK dKCTpakKIMs yakbIThl — 48 carart, Temneparypa — 22-26 °C.

XpoMaTo-Macc-CIIEKTPOCKOIHS 9/1iCIMEH JIMIOGMIBII KypaM aHBIKTalIbl. OCIMAIK YITIIEPIHIH JUIOQHIbI
(pakUMACHIHAA Mall KBIIIKBUIBI CHUSKTBI KOCBUIBIC KJIACTaphl, SIFHU MOHO-; AW-; TPUIIULEPU, Gpocdoaunu, cTepod,
cTepoi upi, TIUKOIHIAL, Malia €pUTIH BUTAMIHIED KipETIHIIKTEH oJapabl TeK KOPEKTIiK 3aT PEeTiHIe FaHa eMec,
(hapMaKOJIOTHSIIBIK areHTTep PETiHAe Ae KapacTeipyFa Oonaabl. JImmodmibai KOMIOHEHTTED KYpambl aHBIKTAJIBI,
SIFHU OJ1 — 26 OpTaHMUKAJBIK KOCBUTBIC. A. spinosa KypambIHIa Kell Meuepae au- (2-atunrexcin) ¢ranat (54,66%)
xoHe PB-cutocrepon (13,11%) Oap exeHi aHBIKTANIbI.

Jopinik muKizaT peTiHae oCiMIiK pecypeTapbiH KeIIeH Tl 3epTTey OHONOTHSUIBIK OEJICEeH/Ii 3aTTap (bl XUMHSIIBIK
3epTTeYi, COHIal-aK OCIMIIKTep/IeH allbIHFaH dKCTPAKTLIEP MEH )KeKe KOCBUIBICTAPIbIH OMOJIOTHSIIBIK CKPUHUHTIH
KYprisyai kesmeniai. Kem xarmaiina 3KCTpakT KOJJAAHBUIFAH MUKPOOPTIaHU3MJICP IITaMblHA KAPChl aHTUOAKTEPHIIIBI
OeJICeHITIKTIH KEeH CIIEKTPiH KOPCETTi.

Tyiiin ce3nep: Atraphaxis spinosa, MuHepaibl KypaM, ©CIMAIK canachl, JUNOQHIbII KypaMm, OHOJIOTUSIIBIK
Gencenninik, Polygonaceae TyKpIMachl
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'Kasaxckuii HALHOHATBHBIN YHUBEPCUTET UMEHH anb-Dapadu
HayuHo-mccnenoBaTenbckuil HHCTUTYT HOBBIX TEXHOJIOTHIT 1 MaTtepuaioB, Anmarsl, Kazaxcran;
Y HuBepcHTeT HayK 0 3710poBbe, Kadenpa neueOHbIX U TynmucThiX pacteHuit, Typuus, CtamOyn

XMMHUYECKOE UCCJIEJOBAHUE U BUOJOTMYECKASI AKTUBHOCTD
PACTEHM POJIA ATRAPHAXIS (A.SPINOSA)

AnHoTanusi. B naHHOH cTathe omnpenesieHbl HOBbIE WCTOYHHWKH MOJYYEHHs OMOJIOTHYECKHX BELIECTB W3
pactenuit pona Atraphaxis (A. spinosa), 3aTOTOBICHHBIX B AJIMaTHHCKOH OOJIACTH.

[lo w3BeCTHBIM MeETOJHMKAaM OTPaOOTaHBI M NPOBEICHBI AHAIW3Bl IOKA3aTeJiel M HOPM KadecTBa CHIPHS:
BIIAXXHOCTB, 00IIas 3013, Cyib(aTHas 3071a, 30;1a HepacTBopuMas B 10% -HoM cosistHOH Kuciore.

MeronoM aTOMHO-aOCOPOLMOHHOI CIIEKTPOCKOIIMM YCTaHOBJICHBI MHKPO- M MaKpOUIEMEHTHL. AHaiu3

AJIEMEHTHOTO COCTaBa TMOKA3bIBAET, YTO M3 MUKPOIJIEMEHTOB Mpeo0aiaeT Kejie30, a U3 MaKPOIJIEMEHTOB — HATPHH,
KaJInii ¥ KaJIbI[AH.
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BrepBrie pazpaboTaHBl YCIOBHS IONyYEHHS] OMONOTHYECKH aKTHBHOTO KOMIUIEKCa M3 HaJ3eMHOH YacTH
Atraphaxis spinosa. ONTAMAaIbHBIME YCIOBUSMHE JJIS TTOMYYSHHST KOMIUIEKCA SIBITIOTCS. 3KcTpareHT — 50% 3taHod,
COOTHOIIICHHE SKCTPATeHTa I CHIPhsi — 1:8, BpeMsi IBYKPATHOM SKCTpaKimy — 48 yaca, Temmeparypa — 22 - 26 C.

MetooM XpoMaTo-Macc-CreKTpocKanueil uaeHTHGUIUpPoBaH JMNIOGUIbHBIA cocTaB. [lOCKONBKY JHITIO-
(hunpHBIE (PPAKIUU PACTUTEIHHBIX 00PA3IIOB BKIFOYAIOT TaKHE KIIACCHI COSANHEHHUH, KaK KUPHBIE KUCIOTH; MOHO-;
JIU-; TPUDIALEPHUIBI, (POCHONUIHIBI, CTEPHUHBI, dPHUPBI CTEPUHOB, TIIMKOJIHUIIU/IBI, KUPOPACTBOPHUMbIC BUTAMHHBI,
MOXHO pacCMaTpuBaTb HUX HE TOJBKO B KayCCTBC IMUTATCIbHBIX IIPOAYKTOB, HO W KaK BO3MOKHBIC
(hapMaKoJIOTHYECKHE CPEJCTBA. YCTAHOBICHO COJEPXKAHUE JHUMOPHIBLHBIX KOMIIOHEHTOB — 26 OpPraHUYeCKUX
coenvHeHuil. BrisiBiieHo, 4To B cocTaBe A.spinosa 00JbLIOE KOJMYECTBO COAEPKUTCS AU - (2-3THiirekcuin) dranara
(54,66%) u B-cutocrepona (13,11%).

KomrmiekcHoe uccieoBaHHE pPACTHTENBHBIX PECYpPCOB KaK JIEKAPCTBEHHOTO CHIPbS IPEIyCMaTpUBacT M
XMUMHYECKOEe M3ydeHHEe OMOJIOTNYECKH aKTHBHBIX BELIECTB, ¥ ITPOBEICHNE OHMOJIOTHYECKOT0 CKPHHUHTA 9KCTPAKTOB U
WHIWBUIYAIbHBIX COCIUHEHUH, MTOMYUCHHBIX U3 PACTCHUHA. B OOJBITMHCTBE CIydaeB AKCTPAKT MPOSBIUT IIUPOKUI
CIEKTp aHTHOAKTEPHAIBFHON aKTHBHOCTH B OTHOIIIEHUH HCIIOJIB30BAHHBIX IITAMMOB MHUKPOOPTaHU3MOB.

KiawoueBbie cnoBa: Atraphaxis spinosa, MAHEpaIbHBI COCTaB, JOOPOKAUYECTBEHHOCTh PACTECHUS, JIUTIO(DHITH-
HBIA COCTaB, OMOJIOTHYECKast aKTUBHOCTh, CEMENCTBO Polygonaceae.
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