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Abstract. The article presents the results of extraction of butanol extract from the
aboveground part of the family Asteraceae of genus Symphyotrichum novi-belgii,
growing in the East Kazakhstan region (Altai region) in September 2021, using silica
gel as an effective sorbent in column chromatography and separation of quercetin from
the flavonoid fraction. The purpose of the work is to study the chemical composition
of the plant of the genus Symphyotricum novi-belgii, to develop a method for obtaining
biologically active substances and to establish the structure of individual substances
by using modern physical and chemical methods. The study revealed the quantitative
content of biologically active substances in the composition of a plant of the genus
Symphyotrichum novi-belgii, as a result of which flavonoids amounted to 1.45+0.03 %,
tannins 1.30+0.03%, organic acids 1.43+0.02%, saponins 1.05+0.04%. Extraction of
the flavonoid complex from the plant Symphyotrichum novi-belgii It was carried out
with effective extraction modes (maceration with 80% ethanol, 72 hours, hydromodule
1:8). 47 mg fractions 17-19 were selected from of the flavonoid complex by column
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chromatography on silica gel and qualitative analysis was performed using cerium (IV)
sulfate Ce(SO,), as an eluent in thin-layer chromatography. As a result, the structure
of the isolated individual compound was confirmed by modern methods of 'H-NMR,
BC-NMR and mass spectrometry (EI-MS). As a result, the individual substance was
found to be quercetin (2.1 mg).

Keywords: Asteraceae, Symphyotrichum novi-belgii, maceration method,
biologically active substances, chromatography, NMR, flavonoids, quercetin
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AnHoTtaunus. Makamana llIsreic Kazakcran oombeicsiaaa (AnTaii eHipi) ecetin 2021
JKBUTIBIH KBIPKYHEK afbIHIA )KHHAIIFaH Asteraceae TYKbIMIACKL Symphyotrichum novi-
belgii TekTi O6CIMIIKTIH Kep YCTi OOJIKTEepiHEH KapamaibiM Marepamust 9IiCl apKbUIbI
OyTaHOJJIBI DKCTPAKT allblll, OaraHalibl Xpomartorpadusiaa THIMII COpPOCHT peTiHie
CHJIMKAresib KOJIaHbUIbII, (PJIaBOHOMITHI KSIICHHEH (DPAKIKS aJIbIll, OJlaH KBEPLIETUH/II
0oy HOTIKEJIepi KeNTipiireH. FhUIbIMU JKYMBICTBIH MaKcatol Symphyotrichum novi-
belgii TexTi 6CIMIITIHIH XUMHUSIBIK KYPaMbIH 3€PTTEY, ONOIOTUSIIBIK O€JICeH/I1 3aTTap bl
QITYJIBIH OHTAMIIBI JKOJIJIAPBIH YCBIHY JKOHE JKEKe Ta3a 3aTTap/IbIH KYPbUIBICHIH 3aMaHayH
(bm3uKa-XuMISUTBIK  oficTepMmer, oHbIH imiHme SIMP, UK, VK cekinmi omicrepMmeH
nmonenney OombIl TaObUTambl. 3epTTEY KYMBICHI OapbIchiHma Symphyotrichum novi-
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belgii TekTi ©CIMIIKTIH KypaMmblHaH OWOJIOTHUSIIBIK OCJICEH/II 3aTTapblH MalbI3IbIK
MOJIIIEpl aHBIKTANAbI, AJbIHFAH HOTWKE OoWbIHIIA (uaBoHouarap 1.45 + 0.03
%, Tepi mierim 3attap 1.30 £ 0.03 %, opranukanbik Keimkbuimap 1.43 £+ 0.02 %,
canonunep 1.05 +0.04 % memnmepae 6omnnel. Symphyotrichum novi-belgii ecimairinex
(h1aBOHOMATHI KellleH amy 0apbIChl SKCTPaKIMsUIayAbIH THIMAL TapameTpiepinae (OHBIH
inmiane, mareparus 80 % 3TaHoNMeH, 72 caF, THIPOMOAY/b (IIHKI3aT TICH ePITKIMITIH
KatbiHackl) 1:8) sxkacanapl. Cunnkarenbi OaraHaisl XxpoMarorpadusaa GIaBOHOUATHI
kemreHHeH 47 mr 17 - 19 ¢pakuusap anbIHBIN, KyKa KabaTTbl Xpomatorpadusia
adKpIHgarein petinge uepuii (IV) cynbdarer Ce(SO,), naiiganansli, cananblk Taniay
Kyprizinai. HoTmwkecinae oknaynanFaH *KeKe Ta3a KOChUIBICTBIH KYPBUIBICH 3aMaHayH
¢dm3uka-xuMusuTbIK dnicrepme 'H - SIMP, PC - SIMP xone macc-ciektpomerpust (EI
- MS) apkputbl gonennenai. Hotmxkecinmae xeke Tasa 3aT KBepleTHH (2.1 Mr) ekeHIiri
AHBIKTAJIIBI.

Tyiin ce3nep: Asteraceae, Symphyotrichum novi-belgii, Manepanus oJici,
OuonorusIbIK Oesicenai 3aTTap, xpomarorpadus, AMP, pnaBoHOUATap, KBEPLETHH
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AHHoTanmmsa. B crartke mpencTaBiieHbl pPE3yJbTaThl TONYYCHUS OyTaHOIBHOTO
9KCTpaKTa U3 HaJJ3eMHOH YacTH pacTeHHH ceMeiicTBa Asteraceae pona Symphyotrichum
novi-belgii, npouspacTaroiero B Bocrouno-Kazaxcranckoi oonactu (Anraickuii Kpaii)
coOpaHHBIX B ceHTs10pe 2021 roja, METOIOM MPOCTON Mallepallii ¢ UCTIONIBb30BaHUEM
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cunikarensi B kadectBe 3(pQekTUBHOr0 copOeHTa B KOJOHOYHOW Xpomarorpaduu u
pasneneHus kBepueTrHa u3 aBoHouIHOH ppakuuu. Llensio HayaHoii paboThl SiBIsETCS
H3y4YeHHE XUMHYECKOTO COCTaBa pacTeHus pona Symphyotricum novi-belgii, pazpaboTka
crioco0a Mony4yeHns: OMOJOTMYECKH aKTUBHBIX BELIECTB M YCTaHOBJICHHE CTPOCHUS
OT/ICNIbHBIX BEIIECTB COBPEMEHHBIMU (PH3MKO-XMMHYECKUMH METOJAMHM, TaKUK Kak
SAMP, UK, YO. B xone uccienoBanus ObUIO BBISIBJICHO KOJUYECTBEHHOE COJCPKAHHE
OMONIOTMYECKH aKTHBHBIX BEIECTB B COCTaBE pacTeHHs poaa Symphyotrichum novi-
belgii, B pesynbrate 4yero (uaBonownsl cocraBimsum 1.45 £ 0.03 %, nyOunbHbIC
Bemectna - 1.30 = 0.03 %, opranudeckue KUcIoThl - 1.43 + 0.02 %, canonunsl - 1.05
+ 0.04 %. Dkcrpakuuio (IaBOHOMIHOTO KOMIUIEKCA M3 pacTeHust Symphyotrichum
novi-belgii npoBonuiu npu 3h(HEeKTUBHBIX MapaMeTpax dKcTpakuuu (Mauepamust 80 %
3TaHOJIOM , 72 4, TuApOMOnyIb 1:8). 47 mr 17-19 ppakuuu pasneneH u3 GpraBOHOUIHOTO
KOMIIJIEKCa METOIOM KOJIOHOYHOW Xpomartorpaduu Ha CHIIMKAarene M KayeCTBEHHBIH
aHaJIu3 NPOBOAWIM € MCIOIb3oBaHHMeM cyabdara nepus (IV) Ce(SO,), B kayecTse
9IIIOEHTa B TOHKOCJIOHHOM Xpomatorpaduu. B pesymbrare cTpykTypa BbIIEICHHOTO
MHIMBHIYaJIbHOTO COCIMHEHUS MOATBEP)KICHA cCoBpeMeHHbIMU Metonamu 'H - SIMP,
BC - IMP u macc-cnekrpometpun (EI - MS). B pesynsrare ObU10 YyCTaHOBICHO, YTO
WHAMBUAYaTbHOE BELIECTBO MPEACTaBIsIeT co00i kBepueTHH (2.1 mr).

KaroueBsie cioBa: Asteraceae, Symphyotrichum novi-belgii, meton manepanuu,
OMONOTMYECKU aKTUBHBIE BellecTBa, Xxpomarorpadus, AMP, ¢pnaBoHON b, KBEPLIETHH

Introduction. One of the least studied and widespread plants in the East Kazakhstan
region is Symphyotrichum novi-belgii, a member of the Asteraceae family. Plants of
the Symphyotrichum genus are diverse, differing in the color of their inflorescences
and the structure of the bush. There are more than 100 species of Symphyotrichum
in the world. The flower is native to eastern North America. In Kazakhstan, it grows
from home yards to forest areas. The advantages of the plant are its long flowering
period, high decorativeness, ease of care, and diversity. Due to these properties, the
plant is widely used as a garden culture. The Symphyotrichum novi-belgii plant of the
Asteraceae family is a unique plant that plays an important role in the ecosystem and
is of great importance to humans. The plant is used in medicine, the food industry, and
agriculture (Mohamed et al., 2017).

In addition, the plant has high pharmacological biological activity, and is known
to have antimicrobial, antiviral, and antioxidant effects due to the high content of
polyphenols. It has been shown that the maximum amount of flavonoid aglycones in the
plant is observed at the beginning of the growing season and during the budding period,
and their glycosides - during the flowering period. Thus, in order to obtain plant material
with the maximum amount of flavonoid aglycones (quercetin, 3-methylquercetin,
luteolin), the vegetative mass should be harvested at the beginning of the growing
season, and their glycosides - during the flowering period (Li et al., 2014).

Preparations made from Symphyotrichum novi-belgii are used in folk medicine as
a medicinal herb for the treatment of various diseases such as arthritis, cancer, and
inflammation. Symphyotrichum novi-belgii is also used as a flavoring for various foods,
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salads, and dried foods, as a coloring agent for oils and various liquids (Sagdollina et
al., 2023).

Materials and basic methods. To isolate flavonoids, the above-ground parts
(leaves, stems, inflorescences) of the plant Symphyotrichum novi-belgii, belonging to
the Asteraceae family, growing in the Eastern region of Kazakhstan, were used. Drying
was carried out at room temperature at the Department of Chemistry of Amanzholov
University to create a plant herbarium. The dried leaves, stems, and inflorescences of
the plant Symphyotrichum novi-belgii were crushed to a particle size of 1-2 mm.

working solution -
clgagH Y Hex, Chl, EA, But
I | =
— Iy h__' "“ £
| 1 25°c72n A F-
e § \ filtration
— = -
- raw extractant extract extraction
grinding 1-2 mm measurement /8
sorbent =2
silica gel

Hex. ex. Chl. ex.

it EA.ex. | | But. ex.

Created in BioRender.com bio

Figure 1 - Separation of biologically active substances from Symphyotrichum novi-belgii fruit by the
classical maceration method

Symphyotrichum novi-belgii
raw material

[ 80% Ethanol, 1:8, 72 hrs. ]

A 4

‘ Extract ’

}

v v v v

[ Hexane extract ] [ Chloroform extract ] [ Ethyl acetate extract ] [ Butanol extract ]

v

‘ N-2-S (2.1 mg) H 17-19 ¢p. (47 mg) ’

Figure 2 - An efficient block diagram for obtaining biologically active complexes
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The authenticity of the raw material and the amount of biologically active
substances in its composition were determined according to the 1st edition of the State
Pharmacopoeia of the Republic of Kazakhstan. 100 g of crushed Symphyotrichum novi-
belgii plant raw material was treated with 80% aqueous alcohol in a ratio of 1:8, 3 times,
and an aqueous-alcoholic extract was obtained. During aqueous-alcoholic maceration,
the active biologically active substances contained in the plant passed into the macerate.
The resulting extract mixture was concentrated in a rotary evaporator at 40°C.
Depending on the polarity, it was first treated with hexane, then with chloroform, ethyl
acetate and butanol. The working extracts were concentrated in a rotary evaporator at a
temperature of 50-55°C. Lipophilic substances were determined from the composition
of the separated hexane extract. It is known that the chloroform extract contains steroids,
terpenes, chlorophylls, while the ethyl acetate extract contains carotenoids, terpenoids,
and the butanol extract contains saponins and flavonoids. In order to obtain the flavonoid
complex, the butanol extract was fractionated using silica gel column chromatography.
As a result, 37 fractions were obtained from the butanol extract, and their qualitative
characteristics were determined using thin layer chromatography (TLC) using special
detectors (UV light, Ce(SO,),) (Hassan, et al., 2011).

Results and Discussion. The purity of plant raw materials (moisture content, ash
content, extractives content) and the amount of biologically active substances in the
raw materials (repeated at least 3 times) were determined according to the methodology
given in the 1st edition of the State Pharmacopoeia of the Republic of Kazakhstan. The
results are shown in Table 1.

Table 1 - Raw material purity and content of biologically active substances, %

Authenticity of raw materials and names of biologically Symphyotrichum novi-belgii content, %
active substances
Laughter 10.41+0.02
Humidity 15.13 £0.03
Extractive substances 28.76+0.03
Saponins 1.05 +£0.04
Flavonoids 1.45+0.03
Tanins 1.30 +0.03
Coumarins 0.67+0.02
Organic acids 1.43 +£0.02
Alkaloids 0.55 +0.04

During the analysis of the results of the studied Symphyotrichum novi-belgii plant,
it was determined that flavonoids were 1.45+0.03%, tanins were 1.30+£0.03%, organic
acids were 1.43+0.02%, and saponins were 1.05+0.04%.

A total of 37 fractions were collected by silica gel column chromatography, and each
fraction was concentrated under mild conditions using a rotary evaporator. Fractions
with the same R values were combined in the HPLC, resulting in the isolation of the
N-2-S compound.

Qualitative analysis using Silica gel DC- Alugram 60 UV 254 plates from the
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company MEPCK art. 7739, the presence of a flavonoid complex was determined by
yellow spots when spraying the reagent Ce(SO,), (Tapaxosckuii et al., 2013).

The R, values were compared and identified with the literature data. According to
the analysis results, the R, value was equal to -0.89, which corresponds to quercetin.
Quercetin was qualitatively confirmed by the fact that it gave a rich green color with a
solution of ferric chloride, and turned yellow with concentrated sulfuric acid (Demydiak,
et al., 2023; JImutpuenko, et al., 2012).

The structure was confirmed by physicochemical analysis methods 'H-NMR,
BC-NMR and mass spectrometry (EI-MS) (Feng et al., 2017).

Yellow crystalline substance, molecular formula C, H,,0,, EI-MS, m/z: 303 [M]",
mclting poim=310—315°C, soluble in ethanol, insoluble in water. The analyzed compound
turned green in an aqueous solution of FeCl,, and yellow in an AICI, solution, which is
due to the presence of a free hydroxyl group at positions 3 and 5, indicating that it is a
flavone. The presence of a free hydroxyl group was accompanied by absorption maxima
in the ultraviolet region at short wavelengths of 260 nm, 269 nm and long wavelengths
of 380 nm. In the presence of sodium acetate, a hypsochromic shift occurred, and the
presence of a free OH group at position 3 and a maximum band indicated the presence
of a 3',4'-orthodioxy group in the B ring. During alkaline destruction, phloroglucin and
protocatechuic acid are formed. The absorption bands at 3420 cm™ (—-OH), 2930-2880
cm” (CH,~, CH,=, CH=), 1607 cm™ (-C=0), and 1508 cm™ (aromatic ring) in the IR
spectrum regions identify the functional groups present in the compound (Taniguchi et
al., 2023).

The qualitative reaction of quercetin polymerization (dimers, trimers, etc.) is their
interaction with vanillaldehyde (vanillin) in an acidic environment, resulting in a color
from slightly pink to dark red due to the formation of conjugated bonds in the structure
(Zhusupova, et al., 2019, Demydiak, et al., 2023, Pyrzynska, et al., 2019, Karak, et al.,
2019).

OCH;

H

Figure 3 - Reaction of quercetin with vanillin aldehyde
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'H NMR (400 MHz, DMSO-d,): 5 6.18 (d, 1H, J=1.9 Hz, H-6), 6.38 (d, 1H, J=2.1
Hz, H-8), 12.24 (s, 1H, H-5), 10.91 (s, 1H, H-7), 7.68 (d, 1H, J=2.2 Hz, H-2'), 9.48 (s,
1H, H-3"), 9.30 (c, 1H, H-4'), 6.80 (d, 1H, J=8.5 Hz, H-5"), 7.56 (dd, 1H, J=8.5; 2.2, Hz,
H-6')

15C NMR (100 MHz, Py-d_): § 157.2 (C-2), 134.7 (C-3), 176.9 (C-4), 161.3 (C-5),
99.2 (C-6), 162.9 (C-7), 92.4 (C-8),156.1(C-9), 104.0 (C-10), 122.1 (C-1"), 116.5 (C-2"),
146.6 (C-3"), 116.1 (C-4), 116.8 (C-5'), 121.5 (C-6").

SN ==

MANSHUK / NAZERKE / N-2-S
1H

Figure 4 - IH-NMR spectrum of quercetin (N-2-S)

HEJ-ICCBS
§/17/2022 12:11:13 PM
File: N-2-S
Sample: MANSHUK / NAZERKE Date Run: 05-17-2022 (Time Run: 12:03:55)

Instrument: JEOL MS 600H-1
Tonization mode: EI+
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Base: m/z 145; 20.8%FS TIC: 4470474
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Figure 5 - EI-MS mass spectrum of quercetin (N-2-S)
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Conclusion. In conclusion, a phytochemical analysis of the composition of the plant
Symphyotrichum novi-belgii of the Asteraceae family growing in the East Kazakhstan
region was carried out, and the quantitative amount of biologically active substances
was determined. In addition, a butanol extract was obtained by a simple maceration
method, and a flavonoid complex was isolated by silica gel column chromatography.
The structure of the individual substance isolated from the flavonoid fraction was
analyzed using modern '"H-NMR, *C-NMR and EI-MS mass spectrometry. As a result,
it was proven that the individual substance is quercetin.
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