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OPTIMIZING THE EXTRACTION METHOD OF TANNINS FROM ALHAGI KIRGISORUM
SCHRENK AND THEIR BIOACTIVITY

Abstract: Plants are a raw material source for obtaining various biologically active complexes,
and their isolation can be used to obtain new drugs with diverse biological activities. As sources of
biologically active substances, plants of the genus Alhagi, the species Alhagi Kirgisorum Schrenk
(zhantak — Kyrgyz camel thorn), are of great interest. Alhagi Kirgisorum Schrenk, which was
collected during the flowering period in the Shelek district, Almaty region, in 2023, is an above-
ground part of the plant species. Analysis of biologically active substances in plant raw materials,
consideration of effective technological parameters for extracting biologically active complexes from
plants using ultrasonic extraction, and study of the pharmacological activity of the obtained medicinal
preparations are important issues. In order to isolate the complex of tannins from plant raw materials:
50% ethanol solvent and ultrasonic extraction and maceration methods, a ratio of raw materials:
extractant — 1:8 was proposed. The composition of this plant is very rich in secondary metabolites,
including tannin substances, and it is known that their share is 4,92%. The complex obtained by
using two different methods: maceration and ultrasonic extraction was subjected to component
analysis, and it was found that the extract obtained by ultrasonic extraction contained more tannin
substances. The anticholinesterase biological activity of the complex showed 48,20+4,39% against
AChE, 4,21+0,39% against BChE, antidiabetics by the a-Amylase inhibitory activity against was
2807,63+0,10, a-Glucosidase inhibitory activity was 183,57+0,80. Also, against oxidation process:
ABTS" assay 12,52+2,16 (6,25-50 ug/mL), DPPH assay 15,70+0,46 (3,125-25 ug/mL), CUPRAC
20,82+0,02 (6,25-50 ug/mL) and according to - carotene/linoleic acid analysis showed 38,73+0,75
(3,125-25 ug/mL) activity.

Key words: Alhagi Kirgisorum Schrenk, minerals, polyflavans, biologically active complexes,
extraction, pyrocatechol.

Introduction

Plants are a raw material source for obtaining various biologically active complexes, and their
isolation can be used to obtain new drugs with diverse biological activities. Therefore, herbal
medicines play an important role in treating several diseases. To expand the arsenal of domestic
medicines and the production of herbal medicines, systematic research on plant resources is
necessary [1].

Interest in obtaining substances from secondary metabolism in plants is growing in various
fields: food, agricultural, chemical, and pharmaceutical industries. Close attention to plant
metabolites is due to the diversity of their biological activities, environmental safety, and the absence
of side effects. Plant objects are an irreplaceable source for obtaining many practically necessary
and important substances; they have various types of pharmacological activity and require
clarification of their structures to identify a certain «structure-activity» relationship [2-3].

As sources of biologically active substances, plants of the genus Alhagi, the species Alhagi
Kirgisorum Schrenk (zhantak — Kyrgyz camel thorn), are of great interest.

In 1894, the German scientist Schrenk discovered a special type of Alhagi plant in the
Balkhash region. This type of Alhagi grows only in Kazakhstan. In the 1800s, the Kazakhs were
called Kyrgyz, and hence, this type of Alhagi was called Schrenk’s Kyrgyz Alhagi (Alhagi Kirgisorum
Schrenk). According to botanists, this species grows only in Kazakhstan, and it is considered
endemic. In Central Asia, the common, Persian, and rare-leaved Alhagi species are grown. The
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Alhagi species Maurorum grows in Mongolia, whereas the Sparsipolia species grows in China and
Azerbaijan.

From this plant raw material, the biologically active substance «Alkhidin» (RK-M-3-Ne 004762)
and medicines based on it were created, developed, and registered in the Republic of Kazakhstan:
alkhidine ointment (RK-M-3-Ne 005155), syrup «Zhantak» (RK-M-3-Ne 005301), and camel thorn
tincture (RK-M-3-Ne 005302), as a new domestic medicine.

The state programme for the development of the pharmaceutical and medical industry is aimed
at reducing the dependence of Kazakhstan’s healthcare on imports and providing safe medicines;
therefore, the development of new methods for isolating biologically active complexes and
phytochemical and pharmacological studies of domestic conventional herbal medicines is
undoubtedly an urgent task [4].

The object of the study was the above-ground parts of plants of the genus Alhagi, the species
Alhagi Kirgisorum Schrenk (zhantak — Kyrgyz camel thorn) collected during the flowering period in
the Shelek district, Almaty region in 2023.

The purpose of this work was to perform a component analysis of plant raw materials, select
optimal parameters to obtain the biologically active complex «Alkhidin» using the ultrasonic
extraction method, and study the pharmacological activity of the developed herbal medicine.

Scientific novelty of the work

At the Al-Farabi Kazakh National University, a biologically active complex called «Alkhidine»
was obtained via percolation method the Alhagi Kirgisorum Schrenk plant, which exhibits anti-
inflammatory, wound-healing, hepatoprotective, and anti-oxidative properties. Currently, the scope
of our work is within the framework of the AP19680131 project «OnTummsaumnsa cnocoba nonyyeHune
aKTMBHOrO KoMmnekca u paspaboTka HOBbIX MeKapCTBEHHbIX CPeaCTB U3 pacTeHun ceMencTea
mapeBbix U 6060BbIX». Ultrasonic extraction and sublimation drying were used to achieve optimal
outcomes.

Practical part

Materials and equipment

Plant materials, ethanol 96%, ultrasonic extractor, rotary evaporator, membrane pump,
household refrigerator, freeze-drying (sublimation) apparatus, spectrophotometer, and distile water.

Research methods

The plant material collected during flowering was dried out of the sun and ground to a diameter
of 4 mm. Extraction was performed to further study the ground raw material. The extraction was
carried out using 2 different methods and compared.

Method 1 involves maceration.

Advantages:

— Simplicity and low price

— No special equipment is required

Disadvantages:

— Extraction time is long

— low efficiency for poorly soluble compounds

Method 2 involves ultrasonic extraction

Advantages:

— Speed and efficiency.

— Prevents the decomposition of thermolabile compounds at low temperatures

Disadvantages:

— The need for special equipment

— Due to ultrasonic extraction, if the temperature rises, some connections may be broken or
the necessary substances oxidised.

The use of high-energy extraction methods, including microwave or ultrasonic extraction, has
shown good results for the isolation of natural bioactive compounds from plant-based medicinal and
food raw materials [5].

The ultrasonic extraction parameters that affect polyflavan release and antioxidant activity of
extracts are ultrasound temperature, frequency, power, and extraction time [6].
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The biologically active complexes obtained using two methods (maceration, ultrasonic
extraction) was qualitatively evaluated.

The original qualitative analysis was conducted using the following algorithm:

A) 10 ml of a solution of 6,0% hydrochloric acid in 96% ethyl alcohol was added to 0,1 g of dry
powder and heated for 20 min in a flask under reflux in a water bath. After cooling, a dark brown, red
precipitate of phlobaphene is observed (can be diluted 1:1 with water).

Phlobaphene does not have a dark brown, the appearance of the colour is explained by the
adsorption of proanthocyanidin (proanthocyanidins) on its surface.

B) add 5 ml of 96% ethyl alcohol and distilled water (in a volume ratio of 2:8) to 0,1 g of dry
powder, in the presence of 2 ml of a solution of 1% vanillin in 70% sulphuric acid; A red condensation
product of vanillin is formed with the phloroglucin ring of polyflavan (polyflavans) [7].

Polyflavan was determined using the following methodology:

Quantitative determination of polyflavans. Briefly, 0,1 g (precisely weighed) drug is placed in a
conical flask with a capacity of 1200 ml, 20 ml of 6% hydrochloric acid in ethyl alcohol 96% was added,
the flask was connected to a reflux condenser, placed in a boiling water bath, and heated for 15 min
with thorough stirring. The resulting solution was filtered through cotton wool into a 100 ml volumetric
flask, and the volume of the solution was adjusted to the mark using 6% hydrochloric acid in ethyl
alcohol 96% and mixed. 1 ml of the resulting solution was diluted with ethyl alcohol 96% to 10 ml.

The optical density of the solution was measured using a spectrophotometer at a wavelength
of 550 nm in a cuvette with a layer thickness of 10 mm. Ethyl alcohol 96% was used as the reference
solution.

The concentration of polyflavans in solution in milligrammes per 1 millilitre (mg/ml) is
determined using a calibration graph constructed using cyanocobalamin solutions. The content of
polyflavans in the preparation in percent (X) is calculated using the following formula:

Cx100x10%x100
~ mx1x1000
Here, C —is the amount of polyflavan detected as shown in the calibration graph;
M — is the measured mass of the drug, g.

Results and discussion

Using one- and two-dimensional paper chromatography in different solvent systems with the
help of special reagents, it was determined that tannins, ursolic acid, flavonol mono-, di-, and
triglycoside, amino acids, and carbohydrates are the main groups of biologically active substances
on the surface of the plant species Alhagi kirgisorum Schrenk.

During the determination of the main parameters of the studied raw material, it was found that
the moisture content of the raw material reached 7,54%, and the share of extracted substances
reached 41,05%. The ash level was 10,25%, and the sulphate ash level was 8,32%.

Quantitative numbers of biologically active substances: amino acids, carbohydrates,
flavonoids, organic acids, and tannins in plant raw materials were determined (Figure 1).

11.2% 1.42%

Figure 1 — Quantitative content of biologicallyactive substances in the plant Alhagi kirgisorum
Schrenk

Alhagi kirgisorum Schrenk identified mineral residues of the plant type. The presence of Ni
in the raw materials was confirmed for the first time.

As a result of the HPLC analysis of the phenolic compounds in the extract obtained by the
maceration method. (pyrocatechol 1.0 mg/g, epicatechin 2.34 mg/g, rutin 1.04 mg/g and fisetin 11.24
mg/g) were determined (the results of the analysis are shown in Figure 2).
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Table 1 — Mineral substances in Alhagi kirgisorum Schrenk (ug/ml)
Na K Ca Mg Zn Cu Fe Ni Mn
Alhagi kirgisorum Schrenk 226,13 | 1414,44 | 652,86 | 359,20 | 1,59 | 0,51 | 1161 | 0,36 | 3,37

Datafile Name:alhagi_005.lcd
Sample Name:alhagi
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Figure 2 — HPLC-DAD chromatogram of complex from Alhagi kirgisorum Schrenk at 254 nm.
Mobile phase 0,1% acetic acid-methanol (gradient elution)

In previous studies, extraction of the biologically active complex alkhydin was carried out using
the classic maceration method. Acetone was used as the extractant solution, ethyl alcohol was used
to precipitate the alkhydin, and the extraction time was measured in hours. The polyflavan content
in the drug obtained by the maceration method was 12,95%.

An ultrasonic extraction method was developed for the first time to optimise the extraction of
alkyl compounds. The parameters considered during this extraction are: effective solution, time,
temperature, and extraction order.

50%-70% ethyl alcohol was used in the solution calculation, extraction time was 60-120
minutes, brown extract obtained at room temperature (20-25 °C), filtered, concentrated in a rotary
evaporator and dried in a concentrate sublimation apparatus.

The drug obtained via ultrasonic extraction is a light brown amorphous powder. It dissolves
well in water and has a musky smell.

The next step was to determine the polyflavan compounds (30,6-52,4%) in the powder
obtained by ultrasonic extraction.

The drug was sent to Mugla Sitka Kocman University in the Republic of Turkey for biological
activity testing [8-10]. The research results were described as follows. Anticholinesterase biological
activity showed 48,20+4,39% against AChE, 4,21+0,39% against BChE, a-Amylase inhibitory
activity against diabetes was 2807,63+0,10, a-Glucosidase inhibitory activity was 183,51+0,80. Also
against oxidation process: ABTS" assay 12,52+2,16 (6,25-50 ug/ml), DPPH assay 15,70+0,46
(3,125-25 pg/ml), CUPRAC 20,82+0,02 (6,25-50 pg/ml) and activity of 38,73+0,75 (3,125-25 pg/ml)
according to carotene/linoleic acid analysis.

Conclusion

Alhagi Kirgisorum Schrenk (zhantak — Kyrgyz camel thorn) is endemic and grows only in
Kazakhstan. First, the authenticity indicators of plant raw materials were studied, and it was
determined that the moisture content reached 7,54%, the ash level reached 10,25%, and the share
of extracted substances reached 41,05%. Sufficient amounts of K, Na, Ca, Mg, Zn, and Fe minerals
were found in plant raw materials. The composition of this plant is rich in secondary metabolites,
including tannin substances, and its share is 4,92%. Component analyses of the complex obtained
using two different methods (maceration and ultrasonic extraction) were performed, and it was found
that the drug obtained by ultrasonic extraction contained more tannin substances. The
anticholinesterase biological activity of the complex of tannins showed 48,20+4,39% against AChE,
4,21+0,39% against BChE, a-Amylase inhibitory activity against was 2807,63+0,10, a-Glucosidase
inhibitory activity was 183,51+0,80. Also against the oxidation process: ABTS" assay 12,52+2,16
(6,25-50 ug/ml), DPPH assay 15,70+0,46 (3,125-25 ug/ml), CUPRAC 20,82+0,02 (6,25-50 pg/ml)
and according to - carotene/linoleic acid analysis showed 38,73+0,75 (3,125-25 pg/mL) activity.
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ALHAGI KIRGISORUM SCHRENK ©CIMAINNHEH TEPI UNETILU 3ATTAPbI
ANY XOJlblH OHTAUNAHObLIPY XXOHE OJNTAPObIH BUOBEJNICEHAOINIT]

OcimOikmep ap mypni buonoeusnsik akmuemi keweHOepdi anydbiH WUKI3KmM Ke3i 605bin mabbiiadsl,
onapdblH oKwaynaHybl 6uonoausnbiK 6enceHOinikmiH KeH criekmipiHe ue xaHa rnpernapammapobi arnyra
myMmKiHOIK 6epedi. buonoausnbik 6enceHdi 3ammapObiH ke3i pemiHOe Alhagi mysicbiHbIH ecimOiei, Alhagi
Kirgisorum Schrenk mypi (dKaHmak ecimOiziHiH KbipfbI30blK Mypi) YAKeH Kbi3bifyWhbliblK myobipadsl. 2023
Xbinbl AnnMambl obrnbickl, Lllenek aydaHbiHOa 2yndeHy Ke3eHiHOe xuHanfaH Alhagi Kirgisorum Schrenk
ecimOiK mypiHiH xep ycmi 6eniai. ©cimOiK wukizambiHbIH KypaMbiHOarbl buonozausinbik 6enceHdi 3ammapdbi
manday, ynbmpadblbbiCMbIK 3KCmpakyusi 90iCiH KondaHbIrn, )XaHmak eciMOiciHeH 6uono2usinblK akmuemi
KeweH anyObiH muiM3i MEexHOO_UAMbIK NapaMempriepiH Kapacmblpy XXoHe arlblHFaH O08pinik
npenapammapObiH hapMakonoausisbiK besiceHdinieiH 3epmmey MaHbi30bl Macesie. ©ciMOIiK WuUKi3ambiHaH
mepi uneeiw 3ammap KeweHiH 6enin any ywiH: 50% amaHosn epimkiwi xoaHe yribmpadbibbiCmbl IKCMPaKyusi
MeH mMauepauusi adicmepi, wukizam:akcmpazeHm — 1:8 KambiHacbl yCbiHbINObI. AmarnfaH eciMOiK Kypambi
eKiHwinik memabonummepae eme b6adl, CoOHbIH iWwiHde mepi uneziw 3ammap ocbl mypde Ken ke3deceldi xoHe
byn pemme onapdbiH yneci 4,92 % ekeHi 6eneini 6ondbl. Eki mypni adicmi: Mayepauyusi xoHe
yrnbmpadbibbicmbl IKCMpaKUyusiHbl KondaHy apKbifibl KO/l XemKi3ineeH KeuweHese KoMmroHeHmmi manday
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XKypeisinin, ynbmpadbibbicmbl 3Kcmpakyusi o0iciMeH arnbiHFaH riperiapam KypambiHOa mepi uneaiw
3ammapdbiH Mernuwepi KebipeKk ekeHi aHbikmandbl. AnbiHFaH KeweHOi aHmuxonuHacmepasa 60UbiHWa
buornoeusinbik b6ernceHOinikke mekcepaeHde AChE-ze Kapcbl 48,20+4,39%, BChE-2e kapcwl 4,21+0,39%
Kepcemce, cycambipra Kapcbl Qa-amusiadaHbl mexey KbidbiMmemi 2807,63+0,10, a-enoko3udasaHbl mMexey
Kbismemi 183,51+0,80 605n10b1. CoHOali-ak mombiry ypdiciHe kapcbi: ABTSY manday 12,52+2,16 (6,25-50
mka/mr), DPPH manday 15,70+0,46 (3,125-25 mka/mn), CUPRAC 20,82+0,02 (6,25-50 mke/mrn) xoHe [B-
KapOomuH/nuHOI KblWKbIbiH manday 6olbiHwa 38,7310,75 (3,125-25 mka/mn) 6ernceHoinik kepcemmi.

Tytin ce3dep: Alhagi Kirgisorum Schrenk, muHepandap, nonughnasaHoap, buonoausisibik 6enceHoi
KeweHOep, 3Kcmpakyus, rnupoKkamexor.
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ONTUMU3ALINA CNOCOB NONYYEHUA OYBUIIbHBIX BELLECTB U3
ALHAGI KIRGISORUM SCHRENK U UX BUOAKTUBHOCTb

PacmeHus s8n15110mcsi Cbipbe8bIM UCMOYHUKOM 07151 MOSIyHEeHUS pasfiudHbIXx BUOI02u4ecKU aKmueHbIX
KOMIIIEKCO8, a Ux 8biderieHue Moxem 6bimb UCOMb308aHO Oris1 0TyYeHUsT HOBbIX fleKapCmeeHHbIX cpedcms
€ pasHoobpa3sHoli buonozuyeckol akmueHocmbio. Kak ucmoyHuku 6uosioeuyecku akmueHbIX 8eu,ecms,
0e2poMHbIl UHmMepec rnpedcmasnsm pacmeHusi poda Alhagi, euda Alhagi Kirgisorum Schrenk (kupau3sckudi
8u0 8epbritoxbs Komnouka). Alhagi Kirgisorum Schrenk, cobpaHHbIl 8 nepuod ysemeHusi 8 LLlennekckom patioHe
AnmamuHckou obnacmu e 2023 200y, npedcmaernsem cobol Had3eMHY Yacmb auda pacmeHusi. BaxHbiMu
goripocamu  Sefislomcsa  aHanu3 buosioeu4ecKUu  aKmueHbIX eewecme 8 pacmumeslbHOM — Cbipbe,
paccMompeHue 3hheKmuUBHbIX MEXHO/I02UYECKUX napamMempos u3eriedeHuss 6uoro2u4yecku aKmueHbIX
KOMI/IeKCO8 U3 pacmeHull ¢ MOMOWBI0 YbmpassyKoeol 3KCmpakyuu, u3lydyeHue cbapmMakonoaudeckol
aKkmueHOCMU rosly4eHHbIX JIeKapCmeeHHbIX npenapamos. [ns ebideneHus kommnekca 0yburbHbIX seulecms
u3 pacmumersnbHO20 cbipbsi: 50% pacmeopumerid amaHona U yrnbmpa3seykoeol 3Kcmpakyuu u mauepayuu
memodamu rpedrioXeHO COOMHOWeHUE Cbipbe:akcmpazeHm — 1:8. Cocrmae 3moz2o pacmeHusi o4eHb 6o2am
8MOPUYHbIMU Memabosiumamu, 8 mom 4ucse OybunbHbIMU 8euwjecmeamu, U38eCmMHO, 4Ymo ux O0ons
cocmasnaem 4,92%. Komnnekc, nonyqYeHHbIU C MOMOWwbio 08yX pasHbix Memodos: Mauepauuu u
ynbmpa3sgyKkoeol 3akcmpakyuu, bbin nodsepeHym KOMIOHEHMHOMY aHanu3y, U Obiro ycmaHOo8/eHo, Ymo
aKecmpakm, M[ofyqYeHHbIl € MOMOWbIO ybmpa3ssykoeol 3sKkcmpakyuu, colepxum 6onbwe OyburbHbIX
sewiecms. AHmuxonuHacmepasHas buonoaudeckas akmueHocmb Komrsiekca cocmasuna 48,2014,39% e
omHoweHuu AChE, 4,21+0,39% e omHoweHuu BChE, npomusoduabemuyeckux cpedcme no uHaubupyrowjel
akmusHocmu da-amunasbl cocmaeuna 2807,6310,10, uHeubupyroweli akmusHocmu a-2/1HoKo3udasbl
183,561+0,80. Takxe npomue rnpouyecca okucreHusi: aHanuz ABTS* 12,62+2,16 (6,25-50 mka/mn), aHanu3
DPPH 15,70+0,46 (3,125-25 wmke/mn1), CUPRAC 20,82+0,02 (6,25-50 wmke/mn) u no aHanus f-
KapomuHa/nuHoneeou Kuciomsl nokasan akmugHocms 38,73+0,75 (3,125-25 mka/mn).

Knroydeenie cnoea: Alhagi Kirgisorum Schrenk, muHeparbi, nonughnasaHbl, 6UOI02UHECKU aKMUBHbIE
KOMII/IEKChbI, IKCmpakyusi, nUpoOKamexuH.
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COMPARATIVE STUDY OF PHOTOCATALYTIC HYDROGEN EVOLUTION ON G-C3N,4
DECORATED WITH NIS AND NIS, CO-CATALYSTS VIA ION EXCHANGE PRECIPITATION
METHOD

Abstract: NiS and NiS, co-catalysts were decorated on the surface of g-CsN4 through ion
exchange reaction by precipitation method. Synthesized double systems were investigated using
XRD, FT-IR, SEM, TEM, and TEM elemental mapping. XRD and FT-IR analyses showed the
presence of g-CsN4 in the composition of g-CsN4/NiS and g-CsN4/NiS,, however the presence of
nickel sulfides was not identified. SEM analysis showed that double systems have heterogeneous
systems, the stacked flat sheets with wrinkles and an irregular shape morphology and rough surface,
where the presence of irregular shape pores is visible. TEM proved the presence of irregularly
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