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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHBIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukachl ¥ ITTBIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankachl:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XUMUS FHIIBIMAAPBIHBIH
JoKTOpBI, podeccop, KP ¥FA akagemuri, «Dutoxumusdy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOIIUHTTHIH
mupexropsl (Kaparanner, Kazakcran) H =11

ATI'ABEKOB Buaagumup EnokoBuu (6ac penaxTopiblH OpBIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
nokTopsl, npodeccop, berapycs ¥YFA akanemuri, JKana marepuaniap XUMUsICbI HHCTUTYTBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Yexust FhUIBIM aKaJeMHUSICHIHBIH DKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Mapadu areiHgarsl Ka3¥Y Y-npiy Oipiamn npopexropsl (Anmarsl, Kazakceran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®apmauesruxa daxysnpreTinin Papmakornosust
KadenpacsHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpus) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, @apmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus mokropst (PhD, (apmarerr), Pequnr yHuBepCHTETIHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpEI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kazakcran PecnyOmukacer WHaycTpust koHe WH(PAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa IIsFpic MeunuHa KoJulepKiHIH Tpodeccopsl, Xamaaps
yauBepcuteTiHig LLsrpic Mmequimnaa akynsreti (Kapaun, [Tokicran) H =21

®DA3bIJIOB Cepik IpaxmeTy.ibl, XUMHs FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XMUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp >KOHIHIET
opsiabacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FBUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust skoHe XUMESUIBIK TexXHONOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun arernarsr Xumust nHCTUTYTHI ([ymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akanemuri
(baky, O3ipoaiixan) H =13

TFAPEJIMK Xempa, ¢unocodus nokropsr (PhD, xwmmus), Xanplkapalblk Taza jKOHE KOJIIaHOAIBI
XMW OJIaFBIHBIH XMMHUS KOHE KOpIIaraH opTa OemnimiHiH npe3uaeHTi (Jlornon, Aarmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3ueHT HaronansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
Hayk, podeccop, akagemuk HAH PK, nupekrop MexayHapoHOro Hay4HO-IIPONU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), JOKTOP XMMHUYECKHX
Hayk, npodeccop, akanemuk HAH Benapycu, noderHslii aupexrtop MHCTUTYTa XMMHUH HOBBIX MaTepHaoB
(Munck, benapycs) H =13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB MyxameTKaan, JOKTOp XMMUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopexrop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmareBTHiyeckoro (akyisrera
Vansepcurera Cerena, upekTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuy HAIMOHAILHOTO IEHTPa HAYYHBIX
WCCIICJOBaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTra Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop dunocodun (Ph.D, dapmanesr), mpodeccop Yuusepcutera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraat Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Mpodeccop, WieH-KOPPECIIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommiemka Bocrounodd memmmmubel Xampaapia ans-Mapkuzaa,
¢axynsreT BocTouHoit MenuuuHbl yHuBepeutera Xamaapaa (Kapaun, [Takucran) H =21

®DA3bIJIOB Cepuk /IpaxmeToBUY, JOKTOp XHMHUYECKHX Hayk, npodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHOH paboTe MHcTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, UactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB J[Ixxypa6aii XaJaukoBU4Y, JOKTOp XHMHYECKHX HayK, mnpodeccop, axkazemuk AH
Tamxukucrana, Wuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKUX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aiimxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npezunent Otnena XUMUHM M OKpY’Karomieit
cpensl MexIyHapogHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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M. Toktarbek®, G.A. Seitimova, G.Sh. Burasheva, 2024.
Al-Farabi Kazakh National University, NCJSC, Almaty, Kazakhstan.
*E-mail: meruyertkozha@mail.ru

OPTIMISATION METHOD FOR OBTAINING A BIOLOGICALLY
ACTIVE SUBSTANCES FROM THE PLANT PETROSIMONIA
BRACHIATA

Toktarbek M. — PhD, senior lecturer. AL-Farabi Kazakh National University. 050040. Almaty,
Kazakhstan. E-mail: meruyertkozha@mail.ru. https://orcid.org/0000-0002-0979-6944;

Seitimova G.A. — PhD, Associate professor. AL-Farabi Kazakh National University. 050040. Almaty,
Kazakhstan. E-mail: sitigulnaz@mail.ru. https://orcid.org/0000-0002-5157-1255;

Burasheva G.Sh. — Doctor of chemical sciences, Professor. AL-Farabi Kazakh National University.
050040. Almaty, Kazakhstan. E-mail: gauharbur@mail.ru. https://orcid.org/0000-0003-2935-3531.

Abstract. Kazakhstan is rich in medicinal plants, so it needs to be studied. Ten
species of the Petrosimonia belonging to the Chenopodiaceae family are growing in
Kazakhstan. These plants have been adapted to harsh climatic conditions in the country’s
salty, saline, and desert areas. Petrosimonia plants are a new species that has not been
fully studied. Chinese researchers studied Petrosimonia sibirica species and found that
the plant contains alkaloids, steroids, terpenes, flavonoids, and phenolic acids and has
antibacterial activity (Wen et al, 2015; Ying et al, 2016). The qualitative and quantitative
compositions of biologically active substances in P. sibirica, P. Glaucescens, P. triandra,
and P. brachiata growing in Kazakhstan were studied. To prepare phytopreparations
from P. Sibirica, P. Glaucescens and P. triandra plants were extracted using the classical
maceration method, and individual representatives of biologically active compounds
were isolated (Toktarbek et al, 2021). In this study, a phytochemical study of P. brachiata
was conducted. The method for obtaining biologically active complexes with high
efficiency was optimised by using supercritical fluid and ultrasonic extraction methods.
These methods have a short extraction time, can be carried out at room temperature,
are cost effective, and are a modern green chemical approach. Using supercritical fluid
CO, extraction (180 bar, 2 hours), the plant was purified from lipophilic substances.
Further, a biologically active complex was obtained by pouring 70% ethanol-water
solvent into the plant raw material and performing ultrasound extraction. The obtained
complex was analysed by thin-layer chromatography using different organic solvent
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systems. Based on our analysis, steroids, terpenes, phenolic acids, and flavonoid
glycosides were found in the extract. Hexane and ethyl acetate fractions were obtained
as a result of liquid-liquid extraction of the extract using organic solvents. Stigmasterol
3-O-B-D-galactopyranoside, isovanillic acid, quercetin 3-O-B-D-glucopyranoside,
and isorhamnetin 3-O-o-L-rhamnopyranoside were isolated by washing the hexane
and ethyl acetate fractions in a silica gel column with an organic solvent system. The
isolated compounds will be tested for biological activity.

Keywords: Chenopodiaceae tamily, Petrosimonia brachiata, ultrasonic extraction,
supercritical fluid extraction, chromatography.

Funding: This research work was supported by AP22685598 under grant funding
for young scientists under the “Zhas Galym” project for 2024-2026 from the Scientific
Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan.
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PETROSIMONIA BRACHIATA ©CIMJITTHEH BUOJIOT USLIbIK
BEJICEH/II 3ATTAPIBI AJTY 9JICIH OHTAIJIAHJBIPY

Tokrap6ex M. — PhD, ara okpITymis!. on-®apadu arsiarst Kasax ynrteik yausepeuteti. 050040.
Anmarsl, Kazakcran. E-mail: meruyertkozha@mail.ru. https://orcid.org/0000-0002-0979-6944;
CeiitumoBa I''A. — PhD, nonent. on-®apabdu arsinarst Kasak yinrtsik yausepenteti. 050040. Anmarsl,
Kazakcran. E-mail: sitigulnaz@mail.ru. https://orcid.org/0000-0002-5157-1255;

Bypamesa I.I1I. — xumust FBUIBIMIAPBIHBIH TOKTOPHI, Ipodeccop. an-Papadu arsragars! Kazak yiaTThIK
yausepcuteti. 050040. Anmarsl, Kasakcran. E-mail: gauharbur@mail.ru. https://orcid.org/0000-0003-

2935-3531.

Annoramus. Kazakctan aymarbl JOpuTiK eciMIikTepre ete Oail koHe onap
3epTTeyal Kaxer eremi. Emimi3 aymarbiana AnaOyra (Chenopodiaceae) TybichiHA
xaratblH Petrosimonia tykpimaaceiiblH 10 Typi eceni. Byn ecimaikrep emimizmeri
TY3IbI, COPTaH JKOHE IIOJCUTTI Kepieple KaraH KiIuMar KaraaiblHa OeiiMaenreH.
Petrosimonia eciMaiKTepi TOJBIK 3epTTEIMETeH kaHa HbICaH OoubIn TadbuIaasl. Kprrai
raneIMAapsl Petrosimonia sibirica TYpiH 3epTTen, ©CIMIIK KYpaMbIHIA aJKaJIOUATAap,
CTepouATap, TepreHaep, GpraBoHouaTap KoHE PEHOI KBIIIKBUIIAPhI KaTapIIbl eKIHIITIK
METAaOWIUTTEP/IiH 0ap SKeHIH aHBIKTAl, OaKTepusFa Kapchl OCJICEHAUTIK KOPCETKeHIH
nmanenneren (Wen et al, 2015; Ying et al, 2016). Kazakcranna ecerin P. Sibirica, P.
Glaucescens, P. triandra xone P. brachiata TypnepiHiH KypaMblHAaFbl OMOIOTUSIIBIK
OejiceHal 3aTTapblH camaiblK XOHE CaHIBIK Kypambl 3eprreninred. P. Sibirica, P
Glaucescens xone P. triandra eciMaixTepiHeH ¢uTONpenapar ajay YLIIH KJIaCHKaIbIK
Mariepanus SKCTPaKIKsIIaHbII, OMOJIOTUSIIBIK OCIICEeH A1 3aTTap IbIH XKeKe oK1 AepiH Oei
anran (Toktarbek et al, 2021). byn 3eprreyae P. brachiata ecimuirine GUTOXUMHSIIBIK
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3eprrey Kyprizingi. JKorapbl KpUTHKAJIBIK (QIIOMATI )KOHE YIBTPAABIOBICTBI SKCTPAKIIHS
o/ICTEpIH Tailaany apKbUIbl THIMJUIITT YKOFapbl OHOJOTHSUIBIK OCJICCH]I KeleH
QITYIBIH JKOJbl OHTAWIAHABIPBULIBL. ATajfaH 9iCTep JKCTPAKIUS YaKbIThl KbICKA,
OemMe TeMmIieparypa >KaFmalblHAa JKYPTi3iIeTiH, apTHIK IIBIFBIHCHI3 JKOHE 3aMaHayH
KaChUI XUMHAIIBIK OarbIT 6051b1. JKorapsl kpuTHKaIbIK Quronari CO, SKCTpaKIHUsHbI
(180 bar, 2 caraT) KoJaHbBI 6CIMIIK KypaMbl JTUNO(UIIBII 3aTTapaiaH Ta3apThUIIbI.
Apbl Kapail eciMaik mukizateiHa 70% 3TaHON-Cy epITKILIIH KYWBII, YIbTpaabIObICIICH
IKCTPaKIHS Kacay apKbUIbI OMOIOTHSUIBIK OSJICEH 11 KEIIeH aJIbIHABL. AJIBIHFAH KeIICHTe
KyKa Ka0aTThl XxpoMaTorpadusiaa, op TYpIIi OpraHUKaIbIK €piTKIIITep Kyieci KoMeTriMeH
capanrama JacajabslHIel. CapanTayablH HETi31HIe dKCTPAKT KYpPaMbIHIA CETPOUITAp,
TeprieHep, GeHOI KbIIIKbUIIAPHI )KoHE (IIABOHOU/I IITUKO3HITEPiHIH Oapbl aHBIKTAJIIBI.
OKCTpakTire OpraHUKaJbIK —CpITKIITEPIMEH CYHBIK-CYHBIKTBIK OKCTPAKLMSICHIH
KYPri3y HOTHIKECIHJIE TeKCaH KoHe dTHianeTar ppakuusiapsl aabiHAbL. [eKcan xoHe
JTHIANETaT PpaKHsIIapbIH CUIIMKATelIb OaFaHAChIH I OPTaHUKAIBIK ePITKIIITEp XKyieci
apKBLTY XKYy HOTIXKeCiHae cTurMacTepoiabiy 3-O-f-D-ranakronupaHosn/ii, H30BaHNIT
KBIITKBUTBI, KBepleTHHHIH 3-O-B-D-TirrokonrpaHo3uai jkoHe u3opaMHeTHHHIH 3-O-0-
L-pamuornmpanosui 6emini. bemiHreH jxeke 3aTTapAblH OHOIOTHSIBIK OSICeHIUTITIH
TEKcepy JKOCTapiaHyaa.

Tyiiin ce3nep: Chenopodiaceae tyxkpimuacel, Petrosimonia brachiata, ynerpaipl-
OBICTBIK DKCTPAKIIHSL, YKOFAPbl KPUTUKAIBIK (DIFOMIITI SKCTPAKIHS, XpOMaTorpadus.
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AnHoTammsa. Kazaxcran Oorar JeKapcTBEHHBIMH PpAcTeHHMSIMH, IO3TOMY €ro
HeoOxoquMo m3ydarb. B Kaszaxcrane mnpowmspacraioT necsitb BUAOB Petrosimonia
cemeiicTBa MapeBbIX. OJTH pacTeHMs aJalTHPOBAaHbl K CYpPOBBIM KIMMAaTHYECKUM
YCJIOBHSIM 3aCOJICHHBIX U ITyCTBIHHBIX TEPPUTOPHUM cTpaHbl. Pactenus Petrosimonia —
HOBBIH BHJI, 10 KOHIIa HE M3yUeHHBIN. Kutaiickue yueHsie u3yuuiu Buasl Petrosimonia
sibirica 1 OOHapYXWJIH, YTO PACTCHUE COACPKUT aJKaJIOWUIbI, CTEPOUIbI, TEPIICHEI,
¢naBoHOM Bl U (PEHONBHBIC KUCIOTHI U 00JIalaeT aHTHOAKTEpUATLHON aKTHBHOCTBIO
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(Wang et al, 2015; Ying et al, 2016). VM3y4eH kaueCTBEHHBIH M KOJIMYCCTBCHHBII
CcOCTaB OMOJIOTMYECKH aKTUBHBIX BeliectB P sibirica, P Glaucescens, P. triandra n
P. brachiata, nponzpacraromux B Kazaxcrane. {1 mpurotoBnenus GpuronpenapaTon
u3 pacrenuii P. Sibirica, P. Glaucescens n P. triandra S5KcTparupoBajy KJIACCHYECKUM
METOIOM Malepalld ¥ BbIIEISIIM OTACIbHBIE TIPEICTaBUTENN OUOJIOTHYECKH
aktuBHbIX coenuueHuid (Toktarbek et al, 2021). B nanHom uccrnenoBaHum ObLIO
mpoBeleHo (UTOXUMHUYECKOe uccienoBanue P brachiata. ONTUMH3HPOBAH METOX
MOJYYEHHUs] OMOJOTMYECKH aKTHBHBIX KOMILIEKCOB C BBICOKOH 3((EKTHBHOCTHIO 3a
CUET HCIOJB30BAaHUS METOOB CBEPXKPHUTUUECKOW (IIOMIHON M yIbTpa3ByKOBOH
9KCTPAKIHH. DTH METObI IMEIOT KOPOTKOE BPEMSI SKCTPAKLIUK, MOT'YT TPOBOAMTHCS MIPH
KOMHATHOH TeMIeparype, SBISIOTCS SKOHOMUYECKH d()D(HEKTUBHBIMU M TPEACTABISIOT
co0OH COBpPEMEHHBI SKOJIOTMYECKH YHUCTHIA XMUMHUYecKHH mnoaxond. C TOMOIIbIO
ceepxkputndeckoit pmonanoi CO, -skcrpakuuu (180 6ap, 2 waca) ycraHoBka ObLia
OYMIICHA OT JUMOPHILHBIX BemiecTB. Jlajgee OMONOTMYECKH AKTUBHBIM KOMILIEKC
MOTyYak MyTeM 3aJMBKH B pacTUTEIbHOE ChIpbe 70% pacTBOpHUTENsI STAHOI-BOA H
MPOBEJICHHS YIBTPa3BYKOBOW JKCTpakuuu. llomydeHHBI KOMIUIEKC aHaIU3UpOBaJIH
METOJIOM TOHKOCJIOWHOW XpoMmarorpadMu C HUCIOJIB30BAHUEM pPAa3JIMUHBIX CHCTEM
OpTraHMYEeCKUX pacTBopuTesned. Ha ocHOBaHMM Hallero aHanaM3a B AKCTPaKTe ObUIN
0OHapyKeHbI CTEPOH/IbI, TEPIICHBI, (PEHOIbHBIE KHCIOTHI U (pIIaBOHOUIHBIE TTTUKO3HUIBL.
[ekcaHoBYI0 W OSTWIALETATHYIO (QpakuuM MOJIyYaldd B pe3yJabTare >KUIKOCTHOM
9KCTPaKIHMK JKCTPAaKTa OpraHM4YecCKUMHU pacTBoputensiMu. Crurmacrepon 3-O-B-D-
rajJakTONHMPaHO3U I, N30BAHWIMHOBAS KHUCIOTa, KBepueTHH 3-O-B-D-mmokonupano3us
n u3opamHeTHH 3-O-0-L-paMHONUpPaHO3M] BBIJACICHBI TPOMBIBKOW TI'€KCaHOBOM
u dTHianeTatHod (pakumii Ha cunukarene. KoimoHka ¢ cHUcTeMON OpraHMYecKux
pactBoputesneid. BbineneHnble coennHeHusi OyayT TpPOBEPEHBI Ha OHOJIOTHYECKYIO
AKTHBHOCTb.

KioueBsle cioBa: cemeiictBo Chenopodiaceae, Petrosimonia brachiata, ynerpa-
3BYKOBasl KCTPAKIIMS, CBEPXKPUTHUECKAs (PIIFOMIHASI SKCTPAKIHS, XpoMaTorpadus

Introduction

Medicinal products of plant origin have been used since ancient times, and even
ancient times, civilisations were famous for using plants for healing. The oldest records
date back to approximately 5,000 years when plants were used medicinally. The Greeks
developed medicinal plants and herbs. Theophrastus (ca. 300 BC) wrote «Historia
Plantarumy», or the «History of Plants», one of the most important books on plant
pharmacology and ancient natural history, in which he discussed the anatomy of plants
and their pharmacological uses (Atanasov et al, 2021).

Much of the knowledge of Greco-Roman medicine was lost during the Middle Ages,
but Arab and Islamic scholars from Andalusia and the Middle East were able to preserve
and update the practises of that era. This progress in medicine occurred between the
9th and 12th centuries, after which the Renaissance began, and science began to be
studied and developed more and more in the Western world. For thousands of years,
plant extracts have been used to treat diseases. The past 200 years have witnessed
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the discovery, isolation, and determination of the structures of thousands of natural
compounds.

The new drug discovery approach has not hindered the study of natural compounds.
A study of all newly approved drugs from 1981 to 2014 found that a total of 1211 new
drugs were approved worldwide. Among them, 320 were natural compounds or their
derivatives. These drugs comprise 32.7% of all authorised drugs in the world in the last
30 years (Li et al, 2018).

Compounds obtained from natural sources are not only medicinal products but also
important tools for the discovery of new aspects of physiology. Currently, there is an
interest in systematic research on low-molecular-weight inhibitors of the main steps of
biochemical processes. Because many assays involve phenotyping, changes in living
cells are likely to provide natural products that are useful as probes in such studies.

Our research objective: Plants belonging to the Chenopodiaceae family that grow
in saline environments, are viable, and have high physiological capacity. They are
widely used in folk medicine for the treatment of digestive, respiratory, genitourinary,
and blood vessel disorders (Boneva et al, 2022). There are 11 species of Petrosimonia
plants belonging to the Chenopodiaceae tfamily worldwide, and 10 species grow in
the desert and the desert regions of Kazakhstan. These species are: P. monandra, P.
triandra, P. litwinowii, P. squarrosa, P. hirsutissima, P. crassifolia, P. glaucescens,
P. brachyphylla, P. glauca, P. brachiata, and P. sibirica. The chemical compositions
of all types of Petrosimonia plants have not been fully studied. The qualitative and
quantitative compositions of biologically active substances in P. sibirica, P. Glaucescens,
P triandra, and P. brachiata growing in Kazakhstan were studied. According to the
methods of the first edition of the State Pharmacopeia of the Republic of Kazakhstan,
qualitative and quantitative analysis of biological active substances was performed, and
the authenticity of plant raw materials was determined. The results of the study are
shown in table 1 and table 2 (Seitimova et al, 2022).

Table 1. Quantification and authenticity of the main biological active groups of P. Sibirica, P.

Glaucescens, P. triandra, and P. Brachiata

Plant names | P triandra | P. glaucescens | P. brachiata | P. sibirica
Quality indicators of plant raw materials, (%)+SEM

Humidity 8.09+0.03 5.90+0.04 10.22+0.04 | 7.81+0.03

Ash content 17.52+0.07 24.50+0.06 20.45+0.15 | 24.71+0.06

Extractives (80% ethanol-water) 42.70+0.04 46.10+0.02 46.90+0.06 | 52.90+0.04

Quantification of the main groups of biologically active substances, (%)+SEM

Saponins 4.53+0.03 8.6+0.03 1.92+0.03 0.6+0.02
Flavonoids 2.55+0.04 4.1+0.03 4.53+0.04 1.924+0.04
Taninns 1.75+0.03 1.1+0.02 0.1+0.01 0.1£0.01
Alkaloids 1.56+0.04 0.27+0.03 0.53+0.04 0.4+0.03
Polysaccharides 1.78+0.01 1.4+0.01 5.14+0.02 4.2+0.04
Free organic acids 0.52+0.03 0.6+0.04 5.51+0.04 3.5+0.04
Coumarins 0.18+0.02 0.9+0.03 0.13+0.03 0.3+0.02
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Table 2. Comparative conditions for extracting plant raw materials

Plant Petrosimonia triandra | Petrosimonia Petrosimonia Petrosimonia
Names glaucescens brahiata sibirica
Plant pictures
Extraction First, lipophilic Maceration method | First, lipophilic Maceration method
type substances were substances were

removed using removed using

super critical fluid super critical fluid

extraction, followed extraction, followed

by extraction using by extraction using

the maceration ultrasonic method.

method.
Solvent 80% ethanol-water 80% ethanol-water | 80% ethanol-water | 80% ethanol-water
Extraction For super critical fluid | 72 hours For super critical 72 hours
time extraction 2 hours fluid extraction

and for maceration 72 2 hours and for

hours ultrasonic extraction

30 minutes

Extraction Room temperature Room temperature |40 °C Room temperature
temperature
Biological Antibacterial activity | No activity Anti-inflammatory | No activity
activity of activity
the obtained
extracts

It is important to use modern advanced technologies to obtain ecologically clean
products and reduce factors that have an indirect effect on the extraction and distribution
of biologically active substances from plant raw materials, especially secondary
metabolites. The potential of CO, supercritical fluids and ultrasonic extraction to solve
these problems is enormous (Nguyen et al, 2023; Shi et al, 2023; Herrero, 2024).

Materials and methods

Materials

The plant raw material was as follow:

The research object was the above-ground parts of Pbrachiata plant belonging
to the Chenopodiaceae family. This plant was collected in September 2023 from the
saline land of the Enbekshikazakh district of the Almaty region. Petrosimonia's specie
plant was identified with the help of leading specialists at the Institute of Botany and
phytoproduction, Almaty. Collected plant was dried at room temperature and protected
from light. The dried plant raw material was ground to a diameter of 4 mm using sieves.
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Solvents used:

1) Common solvents:

Ethanol and water were used as extractants for extracting plant raw materials.

2) Solvents for NMR spectroscopy:

Dimethylsulfoxide DMSO-d6 (Cambridge Isotope Laboratories, Inc.), Methanol
CD30D-d4 (Cambridge Isotope Laboratories, Inc.), and Acetone C3D60-d6
(Cambridge Isotope Laboratories, Inc.).

Chromatography materials

Normal phase thin-layer chromatography (Aluminum Silica gel 60 F254) Merck
KgaA; Reversed phase thin-layer chromatography (Glass Silica gel 60 RP—18 F254S)
Merck Millipore; Silica gel 60, 0.04 — 0.063 mm (230 — 400 pm) Merck; Silica gel 60,
0.063 — 0.200 mm (70 — 230 um) Merck, and Column.

Methods

Research methods

For extraction procedure: Supercritical fluid CO, extraction and ultrasonic extraction;
Isolation and purification procedure: chromatography; Structural elucidation procedure:
'"H-NMR - AVANCE NEO-400, at 400 MHz and “C-NMR, BB, DEPT - AVANCE
NEO-400 at 100, 125 and 150 MHz; two-dimensional: NMR 'H-*C HSQC, HMBC, 'H-
"H COSY-45 °C, NOESY, IR -spectroscopy (Bruker Vector 22, Japan), EI-MS (JEOL
600H-1, Inlet: Direct Probe), FAB-MS (JEOL 600H-2, Inlet: Direct Probe), and melting
points were determined by Buchi M-560 apparatus.

Preparation of extracts

The plant raw material was treated to eliminate lipophilic substances using
supercritical fluid CO, extraction at 180 bar, followed by extraction with 80% ethanol-
water at a ratio of 1:8 for 2 hours at room temperature twice by an ultrasonic extractor.
The prepared extracts were combined and concentrated under vacuum at a temperature
of 45-50 °C. The suspension was prepared by adding 500 ml of distilled water to 177 g
of dry extract. Sequential liquid-liquid extraction was performed by adding hexane and
ethyl acetate to the suspension according to polarity, and all extracts were desolvated in
a rotary evaporator at temperatures not exceeding 50 °C.

The hexane extract was qualitatively analyzed by TLC (solvent system
n-Hexane: ethyl acetate 9:1 — 1:9), a solution of Ce(SO,), in 15% H,SO, was used
as a reagent. The presence of lipophilic substances such as steroids and terpenes was
determined in this study.

General experimental procedure for isolation of compounds

Silica gel column chromatography was used to separate 10 g of hexane extract into
fractions and isolate individual compounds. The column was first washed with 100%
hexane solvent, and then chromatography was performed by increasing the concentration
of the polar solvent (ethyl acetate, methanol) according to the hexane:ethyl acetate 10:1
—1:10, 100% ethyl acetate, and ethyl acetate:methanol 10:1 —7:3. The fractions were
combined with similar Rf values and spot colors in TLC to obtain 10 (H1-H10) fractions.
Each fraction was concentrated under mild conditions using a rotary evaporator. Fraction
H10 was isolated as a pure compound, corresponding to 1 (35 mg).
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The ethyl acetate fraction was qualitatively analyzed with the help of TLC (solvent
system n-Hexane:ethyl acetate:acetone 8:1:1), as well as a solution of the determining
reagent Ce(S0O,), in 15% H,SO, was sprinkled, and as a result of analyzing the color of
the spots formed under UV light (254 and 366 nm), the extract contained phenolic acids,
flavonoid aglycones, flavonoid glycosides, and alkaloidal compounds were detected
(Li, 2024).

5 g of dried and powdered ethyl acetate extract was chromatographed in SG-60
column chromatography with increasing polarity: 100% hexane — hexane-ethyl acetate
(in different ratios) — 100% ethyl acetate — ethyl acetate-methanol (in different ratios)
— 100% methanol, resulting in 11 fractions (E1-E10) were obtained. Substance 2 (29
mg) was separated from E2 fraction. Pure compound 3 (42 mg) and subfraction E8S1
were separated from fraction E8. The subfraction E8S1was purified by chromatography
on a Sephadex LH-20 column with 100% methanol, and compound 4 (7 mg) was
isolated.

The structures of isolated compounds were determined by melting point, IR, FAV-
MS, and NMR data analyses.

Results and Discussions

Compounds 1-4 were isolated for the first time from the Petrosimonia brachiata
species.

Compound 1 is a white crystalline powder, molecular formula C,;H,,O,, molecular
weight m/z 574, melting point 264-266 °C, a single spot in thin-layer chromatography
(solvent system dichloromethane:methanol 9:1) after treatment with 15% H,SO, showed
a deep green.

The 'H-NMR spectrum (DMSO, 500MHz) of compound 1 showed six methyl
groups: 6, 0.65 (3H, c, H-18), 0.79 (3H, n, J = 8.1, H-29), 0.80 (3H, 1, J = 6.9, H-27),
0.84 (3H, d, J = 6.3, H-26), 0.95 (3H, d, J = 6.3, H-21), 0.99 (3H, s, H-19); proton
occupying one olefinic position 6, 5.15 (1H, br.d, J = 4.8, H-6); two protons 4.83 (1H,
dd, /=84, 15, H-23) and 4.97 (1H, dd, J = 8.4;15.0, H-22); and one anomeric proton
showed chemical shift values of 4.19 (1H, d, /= 7.8, H-1").

By analyzing the *C-NMR spectrum, this compound was found to contain 35 carbon
signals. A chemical shift of 5. 100.76 indicates the presence of a monosaccharide
molecule with an anomeric carbon C-1', whereas chemical shift values of 5. 69.87,
73.22, 75.54, and 76.15 indicate four methanes and methylene at 5. 61.43 chemical
shifts C-2', C-3', C-4', C-5', and C. According to the C-6' carbons, the product was
found to be B-D-galactopyranose.

The 6. 78.72 shift region corresponds to the C-3 carbon atom bonded to the alcohol
hydroxyl group. Chemical shifts 6. 121.71 (C-6), 3. 137.92 (C-23), 5. 128.79 (C-22),
and 8. 139.97 (C-5) represent olefinic carbons in the sterol molecule. The value of
J = 7.8 Hz for the anomeric proton H-1" shows that it is in an axial position to the
proton H-2', which indicates that this galactopyranoside fragment is bound to the sterol
fragment in the £ position.

Based on 'H- and *C-NMR chemical shift values and physical data, it was proved
that compound 1 is stigmasterol 3-O-B-D-galactopyranoside.
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Compound 2 was isolated from the ethyl acetate extract. They were subjected to a
qualitative reaction with TLC (Hexane:Ethyl acetate 5:1) using 15% H,SO, and a brown
spot formed. These compounds exhibited purple under UV light.

Compound 2 is a white crystalline compound with a melting point of 208-210 °C.
The mass spectrum of the isolated compound EI-MS m/z 168.1 [M]"; molecular formula
corresponds to C;H,O,. The valence vibration band in the IR spectrum defines the C=O
group at 1682 cm™ and the OH group at 3484 cm'. Absorption at 1598 and 1523 c¢cm'!
indicates C=C groups in the aromatic ring, and the band at 1206 cm™! indicates a C-O bond.

In the 'H-NMR (CD,OH, 500MHz) spectrum of the compound 2, the chemical shift
signal at 5, 3.83 indicates the presence of an OCH, group in the molecular structure of
the compound. The high-field signals 6, chemical shifts at 7.61, 7.44, and 6.86 identify
the H-2, H-6, and H-5 protons of the aromatic ring, respectively.

The C-NMR spectrum of the compound showed 8 signals with 3 methine, 4
quaternary and 1 methyl carbons. The . 55.5 signal is the chemical shift characteristic
of the carbon atom in the methoxy group. And the . 167.2 signal region indicates the
C=0 group of the acidic fragment of the molecular structure. The high-field signals
at 8. 149.1 and 151.2 indicate the shift characteristics of the C-3 and C-4 carbons,
respectively, in the aromatic ring. 'H-NMR, "C-NMR spectral data, etc. based on its
physical properties, compound 2 was identified as isovanillic acid.

Compound 3 was isolated as a yellow powder with a melting point of 231-232 °C.
FAB-MS corresponding to the molecular formula C, H, O,, showed a molecular ion
peak [M+H]" at m/z 464.14. 'H and *C NMR spectra in CD,OH solvent showed that the
aromatic protons were resolved as a single ABX system (B ring). The 6,, 7.849 (d, J =
2.3 Hz, H-2'), 6. 117.90 for 6, 6.871 (d, J = 8.3 Hz); 5. 116.3 and 6,, 7.586 for H-5" (dd,J
=8.3,2.3 Hz) 8. 123.05 for H-6". Another ABX-based (A ring) system J, 6.204 (brs), 6.
100.02 and 3, 6.407 (brs), 8. 94.85 assigned to H-6 and H-8 protons, respectively. The
BC values of C-3" and C-4' were 150.08, which were assigned 145.94 respectively. The
anomeric sugar protons J , appeared at 5.16 (d, /= 7.53 Hz); 3. is 103.95. An anomeric
proton coupling constant J = 7.53 Hz confirmed the f-linkage of the sugar. Based on
'H- and *C-NMR chemical shift values and physical data, it was proved that compound
3 is quercetin 3-O-B-D-glucopyranoside.

Compound 4 was isolated as a yellow amorphous powder with an FAB-MS 462.40
at an m/z [M]" molecular formula corresponding to C,,H, O, .

In the 'H NMR (C,D,O) spectrum of compound 4, three protons of the methoxy
group exhibited a singlet signal in the region of 8, = 3.94. Aromatic protons of ring B
show doublet signals at 6.97 (1H, d, J=8.45, H-3") and 8.05 (1H, d, J=2, H-6'), and 7.66
(1H, dd, J=8.5, J=2.05, H-2") proton was in the doublet doublet displacement level. In
addition, we observed the aromatic H-6 and H-8 protons of ring A at the 6.28 (1H, t)
and 6.53 (1H, t) triplet signal shifts, respectively. The anomeric H-1" proton of the sugar
moieties gave a doublet signal in the chemical shift region of 5.02 (1H, d, J=2.05).

Using *C NMR and HMBC spectra, the binding sites of the sugars were determined.
By comparing the results of the physicochemical analysis with the literature data,
compound 4 was identified as isorhamnetin 3-O-a-L-rhamnopyranoside (Bojilov et al,
2023).
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Conclusion

First, a phytochemical study was conducted on P. brachiata. Plant raw materials
were extracted using modern methods, including supercritical fluid extraction and
ultrasound extraction. The obtained extract was subjected to liquid-liquid extraction
using hexane and ethyl acetate solvents. The qualitative composition of the hexane and
ethyl acetate fractions was analysed by chromatography, and the presence of steroids,
terpene substances, and flavonoid classes was determined. For further purification
of the hexane and ethyl acetate fractions, silica gel column chromatography was
performed; stigmasterol 3-O-B-D-galactopyranoside, isovanillic acid, quercetin 3-O-f3-
D-glucopyranoside, and isorhamnetin 3-O-a-L-rhamnopyranoside compounds were
isolated, and modern physicochemical methods, including 'H-NMR, *C-NMR, 2D
NMR, EI-MS, FAB-MS, and IR spectroscopy were used to determine their structures.
The isolated compounds will be tested for biological activity.
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