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Abstract. Climacoptera brachiata is an annual species of halophytes with great potential for use in
urban landscapes. Extracts of Climacoptera brachiata have been used in traditional medicine for many
years due to their antifungal, antibacterial activity due to various biologically active compounds. It is
known that the leaves contain triterpenoids, and the flowers contain phenolic compounds.The authors
proposed a scheme for the analysis of water-alcohol extracts of Climacoptera brachiata. In addition,
extracts were screened and determined by high-performance liquid chromatography. For the simultaneous
analysis of phenolic compounds, a fast and sensitive method for the determination of natural compounds
using high-performance reverse phase liquid chromatography (RP-HPLC) in combination with a diode
matrix detector (DAD) has been developed. Gradient elution systems of 0.1% acetic acid and methanol
were linearly used, the analysis time was 57 minutes. The method was confirmed by linearity, relative
error, reproducibility, and LOD values. The detection of compounds was carried out at 254 nm. The
developed method for the rapid determination of phenolic compounds using RP-HPLC was used to
determine the presence of phenolic compounds in natural and commercial products.
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1. Introduction

Kazakhstan, the area of growth of many types of plant objects, the study of
their chemical composition and the screening of biologically active substances
require further research. At the present stage, the creation and development of
phytopreparations is a promising and alternative direction to replace synthetic
drugs with a number of side effects. Since synthetic drugs have many side effects,
researchers are beginning to study natural products in order to find effective
medicines. Therefore, the study of domestic wild plants and the introduction of
new phytopreparations from them into industry is a timely task. One of the most
relevant ways to obtain new biologically active substances is to isolate
compounds from plants. Consequently, on this path it is necessary to solve
complex problems of isolation and deep purification from complex
multicomponent biological objects of sufficiently labile target substances,
unambiguous identification of structures.

Currently, plants of the Chenopodiaceae family, the genus Climacoptera,
which are widespread in Kazakhstan and some of them are endemic plants, are of
great theoretical and practical interest. [1-2] and so, the search for new sources of
biologically active compounds among plants of the Chenopodiaceae family
growing in arid zones has not been exhausted.

In this regard, the study of the chemical composition of new plant species,
the development of a flowchart for the isolation of biologically active compounds,
the establishment of their biological activity and the development of new
phytopreparations from Kazakhstani wild plant species has not only a socially
significant effect, but also makes it possible to expand the range of medicines
from local wild-growing renewable sources of plant material [3]. Development of
chromatographic identification and analysis methods based on chemical
components, in particular phenolic compounds, can contribute to the
standardization of medicinal raw materials and extracts.

2. The experimental part

The object of our research is the aboveground part of plants of the genus
Climacoptera, the species Climacoptera brachiata, collected during the flowering
phase in Ili district, Almaty region in 2023.

Conditions for HPLC analysis for the determination of phenolic compounds.
The analysis of phenolic compounds was determined using the Shimadzu high
performance liquid chromatography system (Shimadzu Cooperation, Japan),
which consists of a Shimadzu solvent supply unit model LC-20AT and a
Shimadzu diode array detection system model SPD-M20A. All parts are
controlled using LC-solution software (CBM-20A Shimadzu system controller).
The temperature in the column is set at 35°C. Chromatographic separation was
performed on an Inertsil ODS-3 column (4 microns, 4.0 mm x 150 mm) and in an
Inertsil ODS-3 protective column. The mobile phase is 0.1% acetic acid in water
(A) and 0.1% acetic acid in methanol (B). The elution profile was as follows: 2%
B: for 3 min, 2-5% In; for 3 minutes, 5-6% In; for 2 minutes, 6-10% In; for 4 min,
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10% In; for 1 min, 10-25% In; for 5 minutes, 25-30% In; for 7 minutes, 30-40%
B; for 5 minutes, 40-42% B; for 6 minutes, 42-54% B; for 5 min, 54-55% B; for 1
min, 55-56% B; for 10 min, 56-65% B; for 4 min, 65-75% B; for 3 minutes, 75-
85% B; for 2 minutes, 85-95% B; for 5 minutes, 95% B; for 2 minutes, 95-100%
B; for 1 minute, 100% B; 5 minutes, 100-80% B; 2 minutes, 80-50% B; in 2
minutes, 50-2% B. The flow rate was 1.0 ml/min. The injection volume is 20 pnl.
The detection was carried out using a diode matrix detector (DAD) using
wavelengths of 200-600 nm. All samples and standards were filtered using an
Agilent PTFE filter with a thickness of 0.45 microns [4].

Determination of antioxidant activity. To determine the antioxidant activity,
four methods were used: ABTS methods for removing cation radicals and DPPH
free radicals, as well as methods for reducing the antioxidant capacity of copper
(CUPRAC) and p -carotene/linoleic acid discoloration.

Analysis for discoloration by [ -carotene/linoleic acid. The overall
antioxidant activity was assessed using the beta-carotene/linoleic acid test system
with minor changes. B -carotene (0.5 mg) diluted in 1 ml of chloroform is added
to 25 ml of linoleic acid and 200 mg of a mixture of Tween 40 emulsifiers. After
evaporation of chloroform under vacuum with intensive shaking, 100 ml of
distilled water saturated with oxygen is added. 160 ul of this mixture is added to
40 ul of samples of various concentrations. Once the emulsion is added to each
tube, the absorption at time zero is measured at a wavelength of 470 nm using a
96-well microplate reader [5]. After incubating the tablet for 2 hours at 50 °C, the
absorption of the emulsion is measured again at the same wavelength. Ethanol is
used as a control. BHA and a-tocopherol are used as antioxidant standards for
activity comparison. The degree of discoloration (R) of p-carotene is calculated
according to the following equation:

[RS]

R =

_
H|:s
[wl

where In is the natural logarithm, a is the absorption at time zero and b is the
absorption at time t (120 min). The calculation of antioxidant activity is carried
out as a percentage of inhibition compared to the control using the following
equation:

Rcontrol - Rsample

Antioxidant activity (%) = x 100

Rcontrol

Analysis for the removal of free radicals by the DPPH method. The activity
of removing free radicals is determined spectrophotometrically using the DPPH
method described by Blois [6], with minor modifications. In its radical form,
DPPH absorbs at a wavelength of 517 nm, but when reduced by an antioxidant or
a radical substance, its absorption decreases. In short, 120 ml of ethanol and 40 pul
of the sample solution dissolved in an aqueous alcohol solution in various
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concentrations are mixed. The reaction is then initiated by adding 0.4 mm 40 pl of
DPPH prepared in ethanol. After thirty minutes, the absorption is measured at a
wavelength of 517 nm using a 96-well microplate. Ethanol is used as a control. A
lower absorption of the reaction mixture indicates a higher free radical scavenging
activity. The ability to trap DPPH radicals is calculated using the following
equation:

Rcontrol - Rsample

Absorbing effect DPPH (%) = x 100

Rcontrol

ABTS analysis for cationic radical discoloration. The spectrophotometric
analysis of the absorbing activity of ABTS-* was carried out in accordance with
the method [7], with minor changes. ABTS .* was obtained as a result of a
reaction between 7 m ABTS in H20 and 2.45 m potassium persulfate, which was
stored in the dark at room temperature for 12 hours. The radical cation was stable
in this form for more than 2 days when stored in the dark at room temperature.
Before use, the ABTS-* solution is diluted with ethanol to obtain an optical
density of 0.708 + 0.025 at 734 nm. Then, 160 ml of ABTS-" solution in various
concentrations is added to 40 ml of the sample solution in ethanol. After 10
minutes, using a 96-well microplate reader, the percentage of inhibition is
calculated at a wavelength of 734 nm for each concentration of relatively pure
absorption (ethanol). The following equation is used to calculate the absorption
capacity of ABTS-+:

Acontrol - Asample

x 100

Absorbing effect ABTS (%) =

Acontrol

Antioxidant ability that reduces copper content. The antioxidant capacity,
which reduces the copper content, was determined in accordance with the method
[8], with minor changes. 50 ul of 10 mm copper (lI), 50 ul of 7.5 mm
neocuproine and 60 ul of NHsAc buffer (1 M, (pH=7.0) are added to each well in
a 96-well plate. 40 ml of extract is added to the initial mixture in various
concentrations so that the final volume is 200 ml. After 1 hour, the absorption at a
wavelength of 450 nm was recorded on the reagent blank using a 96-well
microplate reader. The results are presented in the form of an absorption
coefficient and compared with the indicators of the standard used as an
antioxidant standard [9].

Antidiabetic inhibitory activity. Antidiabetic inhibitory activity was
determined by the inhibitory activities of a-amylase and a-glucosidase
spectrophotometrically using a 96-well microplate reader [10,11]. Ethanol was
used as a control Acarbose has been used as an antidiabetic inhibitory standard to
compare activity.
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3. Discussion of the results

Using the method of ultrasonic extraction and maceration, 10 samples of
extracts from plants of the genus Climacoptera brachiata were obtained.

According to the requirements of the Government Pharmacopoeia, the
quality of the raw materials was determined: moisture 6.02%, ash content 9.6%,
the amount of extractive substances 21.3% in 50% water alcohol, the extract is
concentrated and the dry extract is preserved. To evaluate the antioxidant and
antidiabetic inhibitory activity, and to determine phenolic compounds, a 50%
water-alcohol extract of a plant of the genus Climacoptera brachiata was used.

Table 1 - Phenolic compounds of 50% water-alcohol extract of Climacoptera brachiata plant by HPLC-
DAD method (mg/g)

The phenolic compound RT calib. eq. R? Climacoptera
Fumaric acid 14,014 | y=1988.9x - 4655.8 0.9998 1.90
Protocatechuic acid 24,625 y =65753x - 6932.1 0.9999 0.15
Pyrocatechol 24,658 | y=3772.8x + 23692 0.9925 i
Theobromine 25,967 y =3942.7x + 81451 0.9983 tr
Theophylline 29,449 y = 36694x + 68674 0.9998 -
4-hydroxybenzoic acid 30,867 | y=123758x + 75779 | () 9997 A
4-hydroxybenzaldehyde 33,367 | y=234376x +4239.6 0.9996 -
Vanillic acid 34,758 | y =66764x + 46508 0.9998 tr
Epicatechin 35,278 y =2097.6x + 7998.2 0.998 -
Caffeic acid 35.28 y =49533x + 213471 0.9957 tr
Vanillin 36,915 y = 21426x + 195103 0.9995 tr
Chlorogenic acid 40,094 | y=46920x - 36953 0.9995 0.10
Couple -coumaric acid 40,874 | y=17265x+ 343183 | (g95¢ tr
Ferulic acid 42,564 y = 42245x + 110701 0.9992 tr
Coumarin 45,178 y = 81802x + 153471 0.9968 tr
Propyl gallate 46,984 y =29731x - 12781 1 -
Routine 47,527 y = 47899x + 56096 0.9997 tr
trans-2-OH cinnamic acid 48,243 y = 53442x + 104662 0.9996 )
Fisetin 51,243 y =100784x + 16688 0.9984 0.49
trans - Cinnamic acid 56,203 | y=88190x + 158733 0.9997 tr
Genistein 57,739 y =69160x + 5753.8 0.9996 tr

tr: number of tracks;
- not detected.

To determine optimal chromatographic results, experiments were conducted
under various mobile phase conditions. In order to obtain the best possible
resolution, the mobile phases of acetonitrile, methanol, acetonitrile-acetic acid
and methanol-acetic acid were used by changing the ratio of acetic acid. The best
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mobile phase for separation was 0.1% acetic acid in water as solvent A and
methanol as solvent B. Many studies have suggested the use of acetonitrile as one
of the mobile phases. Acetonitrile was also used for separation. However, only 4
compounds were isolated, namely fumaric acid (1.90 mg/g), protocatechic acid
(0.15 mg/qg), chlorogenic acid (0.10 mg/g), and fisetin (0.49 mg/g). Therefore, the
goal was to change the solvent system to simultaneously analyze more phenolic
components. For this purpose, Inertsil ODS-3 (4 microns, 4.0 mm) was used to
obtain clear peaks and reduce the elution time. An analytical column with a
diameter of 150 mm was used. The column temperature was maintained at 35°C.
Using this optimized method, phenolic components were determined with high
accuracy within 57 minutes.

Datafile Name:climacoptera_006.lcd
Sample Name:climacoptera
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Figure 1 - HPLC-DAD chromatogram of Climacoptera at 254 nm (Inertsil ODS-3 column
(4 um, 4 mm x 150 mm). Mobile phase 0.1% acetic acid-methanol (gradient elution).
Flow rate ImL/min. Diode array detection 254 nm.).

The antidiabetic inhibitory activity of 50% water alcohol extract was
evaluated by the inhibitory activities of a-amylase and a-glucosidase, and the
standard acarbose was used as the antidiabetic inhibitory activity. The data
obtained is shown in table 2.

Table 2 - Antidiabetic inhibitory activity of 50% water-alcohol extract of a plant of the genus
Climacoptera brachiata.

Antidiabetic inhibitory activity
Sample inhibitory activity of a-amylaselCso inhibitory activity of a-glucosidase
P (ug/mL) ICso (pg/mL)
Climacoptera 92985.20+0.50 172.84+3.43
Acarbose” 36.74+4.50 22.28+2.03

2 The values shown here are the average + SEM based on the results of three parallel measurements.
p<0,05.
breference compounds.
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Table 3 - Antioxidant activity of 50% water-alcohol extract of a plant of the genus Climacoptera,

brachiata.
Antioxidant activity

ABTS* DPPH CUPRAC B-Carotene/linoleic

Sample 1Cs0 (ng/mL) 1Cs0 (ng/mL) 1Cs0 (ng/mL) acid assay
1Cs0 (ng/mL)
Climacoptera 65.12+6.97 474.46+0.65 (50-400 226.35+0.09 184.87+0.23 (25-200
(50-400 pg/mL) (50-400 pg/mL)
pg/mL) pg/mL)
BHA®P 1.50+0.14 4.36 +0.31 4.94 +0.08 2.48 +£0.64

a-TOCP 2.21+0.77

2 The values shown here are the average = SEM based on the results of three parallel measurements.
p<0,05.
breference compounds.

The table shows the results of antioxidant activity by ABTS methods for
removing cation radicals and DPPH free radicals, as well as methods for reducing
the antioxidant capacity of copper (CUPRAC) and discoloration with beta-
carotene/linoleic acid. BHA (butylhydroxyanisole) was used as an antioxidant
standard for activity comparison, and alpha-tocopherol was also used to determine
the activity of beta-carotene/linoleic acid discoloration.

4. Conclusions

For the first time, the RP-HPLC-DAD method in this study demonstrated the
content of 4 phenolic compounds from Climacoptera brachiata plants, which can
be useful as a chemical marker for quality control of plant raw materials. A
practical, fast and accurate RP-HPLC-DAD method has been developed for
simultaneous analysis of natural compounds in one injection. The total analysis
time was 57 minutes. A wavelength of 254 nm was used to determine the
compounds with high accuracy.

Some of the natural products studied are potential medicinal products
because they have sufficient antidiabetic inhibitory activity (a-amylase inhibitory
activity 92985.20+0.50 and 1Csy (ug/mL) alpha-glucosidase inhibitory activity
ICso (ng/mL) 172.84+3.43)
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CLIMACOPTERA BRACHIATA TEKTI ©CIMAIKTEPIHIH, ®EHOJIJIBIK KOCBIJIbICTAPBI
MEH BHOJIOI'UsUIBIK BEJICEHJALIITTH TAJLIJIAY

A.K. Kunuaxéaesa'", T. Bepoew', H. Hvizan', K.B. Bayvipacanos', B.K. Ecxanuesa’,
Il Bypawesa', Mexmem O3miopr®

'On-Dapabu ameinoaser Kazax ¥immoix Yuusepcumemi, Anmamot, Kazaxcman
2Myana Cumxu Kouman ynusepcumemi, Myena, Typxus
*E-mail: aliya_k85@mail.ru

Tyiiingeme: Climacoptera brachiata - xananeik nanmmadrrapaa maiinanany yiniH yiakeH ojieyeri Oap
ranopurrepAin Oip KpUIABIK Typi. CBIFBIHABUIAPBI IOCTYPJI MEAMIMHANA KONTEreH >KbLimap OoWbI
KOJIJAaHBLIAJIbl, KACHETTEPIHE CYiHEHEe OTBHIPBII TyMayFa Kapchl, OaKTepusFa Kapchl OCJICEHIIIK, ojiap
opTYpIi OHONOTHSIIBIK OEJICeHAl KOChUIbICTap/aH TybIHAainbl. JKamblpakrapia TpUTEpPICHOWATApP, ai
rynaepae QpeHoIbl KOChUIBIC OONMAaThiHBI Oenrii. ABTOpIap KCHIHBICTAPHI OOMBIHINA CHIFBIHIABLIAPIBIH
Tangay cxemacbiH o3ipieai. COHBIMEH Karap, ChIFBIHIbUIAPIBIH OMOCKPHHUHIT KOHE JXOFapbl THIMI
CyiBIK Xpomarorpadus ofiCiMeH aHbIKTay KYprizingi. ®eHonablK KocbuIbIcTap/bl Oip Me3rinae Tanaay
yLiH auonrsl MaTpuuansik aerekropmer (DAD) OipikripinreH jxorapsl THIMAI Kepi (azaibl CYHbIK
xpomarorpadustasl (RP-HPLC) maiinanasa oTbIpbIr, TaOUFH KOCBUIBICTAP/IBI AHBIKTAY/IBIH KBUIIAM KOHE
cesimran omici o3ipaenmi. 0,1% cipke KBIMIKBUIBI MEH METAHOJJIBIH TPAJAMCHTTI JIIOLMS Kyhemepi
CBI3BIKTBIK TYP/IC KOJJAHBUIBI, TAIAAY YaKbIThl 57 MUHYTTBI Kypabl. OMIC CHI3BIKTBIK, CAIBICTHIPMAIIBI
Karelnik, Kaifranany, LOD monnepimen pacranasl. Kocbuibictapbl aHbikTay 254 HM - fe skyprizingi. RP-
HPLC kemeriMeH (eHOJIBIK KOCBUIBICTAP/BI JKBULAAM AHBIKTAY/BIH J3IpJICHIeH oJici TaOWUFH JKOHE
KOMMEPUUSIIBIK OHIMIEpe (EHOIABIK KOCHUIBICTAP/IBIH OOJTYBIH QHBIKTAY YIIiH KOJIAQHBLIA/IbI.

Tyiiin ce3mep: deHoOnabl KOCBUIBICTAp, TOTBIFYFA YpJiciHE Kapchl OejlceHniniK, auadeTke Kapehl
uHruouTOPIBIK Oencenainik, HPLC.
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AHAJIU3 ®EHOJIBHBIX COEJIMHEHUI 1 BUOJIOTUYECKASI AKTUBHOCTD
PACTEHUM POJIA CLIMACOPTERA BRACHIATA
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Pesrome: Climacoptera brachiate (K. cynpomuenomucmas) - ogHoneTnuil Bi raaouTos, onagaronmit
OOJIBIIMM MOTEHIMATIOM IS WCIONB30BaHMS B ropoiackux nanmmadrax. Dxcrpakrter Climacoptera
brachiate wucnone3yroTcst B TpagWIMOHHBIA MEIMLIHHE B TEYCHHE MHOTHX JI€T, OJjaromaps HX
MIPOTHUBOTPUIIKOBOH, AaHTUOAKTEPHAIBHOH AKTMBHOCTH, KOTOpPbIE OOYCIIOBJIEHBI PAa3HBIMU OWONTHYECKU
AKTHBHBIMH COCJMHCHUSMH. VI3BECTHO, YTO B JIMCTHSIX COJCPIKATCS TPUTEPIICHOW/BI, a B LBETKaxX
(eHOIbHBIC COeAMHEHNE. ABTOPaMH TIPEJIOKEHA CXeMa aHall3a BOJIHO-CIIPUTOBBIX IKCTpakToB. Kpome
TOTO, NPOBEJICH OMOCKPHHHUHT 3KCTPAKTOB M ONpENEICHHE METOIOM BBICOKOI(D(EKTHBHOM KUAKOCTHON
xpomatorpadun. s ogHOBpeMEHHOro aHanm3a (EHONBHBIX COCIUHEHHH pa3paboTaH OBICTPBIH ©
4yBCTBUTEJIBHbBIH METO/ ONPEEICHHs IIPUPOJHBIX COSTUHEHUH C UCTIOIb30BaHUEM BBICOKOA()(EKTUBHOM
JKUJIKOCTHOH Xpomarorpaduu ¢ obpatHoit ¢pazoit (RP-BOXKX) B couetaHuu ¢ IHOIHBIM MaTPUYHBIM
nerekropoM (DAD). JIMHEHHO WCIOIB30BaHBI CHCTEMBI TpajgueHTHOro smoupoBanust 0,1% ykcycHoi
KHCJIOTBI U METaHOJa, BPeMs aHaIn3a COCTaBHJIO 57 MUHYTY. MeToa ObLI MOATBEPXKICH JIMHEHHOCTBIO,
OTHOCHTEJIBHOH MOTrPeIHOCThI0, BO HPOM3BOAUMOCTEIO, 3HaueHusMu LOD. OOHapykeHHe coequHEeHHM
npoBeneHsl npu 254 M. PaspaboraHHblii MeTOA OBICTPOro ompeaeneHus (EeHOJBHBIX COCTUHEHHH C
nomortpio RP-BOXKX ucrnons3oBaH, [jisi onpeaesieHus Hatudusi QeHOJIbHBIX COCJANHEHUI B MPUPOAHBIX
1 KOMMEPUYECKHUX MPOIYKTaX.

KinoueBble ciioBa: (CHONBHBIC COCAMHCHHHUS, AHTHOKCHOAHTHAS aKTHBHOCTb, AHTHAHAOCTHYIECKAs
aKTUBHOCTb, MHTHOUPYOIIasi aKTUBHOCTh, BOYKX.
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