Memodbi aHanusa nekapcmeeHHbix cpedcme
Analytical Methods

OpuzuHaneHaa cmames / Research article

YOK 615.074; 615.322
https://doi.org/10.33380/2305-2066-2026-15-3-2237

‘ '.) Check for updates ‘

N3yuyeHune 6monornyeckn akTUBHbIX BewecTB B TpaBe bakona MoHbe
(Bacopa monnieri (L.) Wettst.) meTopom ynbrpaspPeKTUBHON XKNAKOCTHON
XpomaTtorpadum c Macc-CneKTpomMmeTpuyecKnm geTeKTupoBaHnem

0. C. Jlasposa™ ("), A. O. bokos (), U. B. lpaBenb

QepepanbHoe rocyaapcTBeHHOe aBTOHOMHOe obpa3oBaTesibHOe yupexieHue Bbiclero obpasoBaHua [MepBbii MOCKOBCKMI
rocyfapCTBEHHbIN MeguUNHCKUI yHuBepcuTeT umeHm W. M. CeyeHoBa MwuHucTepcTBa 3ApaBooXxpaHeHua Poccnmnckon
Oepepauunu (CeueHoBcKMI YHUBepcuTeT). 119048, Poccus, . Mockea, yn. Tpybeukas, a. 8, cTp. 2

>4 KoHTakTHOE nunuo: Jlasposa Onbra CepreesHa. E-mail: Lavrowitz@yandex.ru

Pesiome

BBepgeHue. Bacopa monnieri (bpaxmn) - alpBeANYECKOe NeKapCTBEHHOE pPaCTEHUE C BblPa’KeHHbIM HOOTPOMHbIM 1
HeponNpPOTEKTOPHbIM AeNcTBUEM. TepaneBTnYeckoe AeNCTBUE MpernapaToB Ha €ro OCHOBE CBA3bIBAIOT MMAaBHbIM 0O6pa3oM C
coflepkaHNeM TPUTEPNEHOBbIX CaNOHWHOB, OAHAKO APYrMe KOMMOHEHTbI, B TOM yncie GeHOoMbHble coelHEHNA, BHOCAT BKNaj
B KOMMAEKCHbIN 3¢deKkT. HecMOTpsA Ha AOAryl0 MCTOPUIO NPUMEHeHWA B MeAuuuHe, paboTbl 06 M3yuyeHUn pasHoobpaswuA
6uonornyeckn akTuBHbIX seulecTs (BAB) B. monnieri HEeMHOTOUUCIEHHDbI.

Llenb. AHann3 KOMMOHEHTHOro cocTaBa 6MONOrMyYecKn akTUBHbLIX BELeCTB TpaBbl Bacopa monnieri, n3Bnekaembix CNUPTOM
3TnnoBbiM 80%-m meToaomM YIXKX-MC.

Matepuanbl u metoabl. O6beKTOM MccnefoBaHUA 6bina TpaBa B. monnieri, (r. XacaH, WHgua). N3sneuenwne (1:10) nonyyanu
TPeXKPaTHOMN 3KCTpaKuMen cnuptoM 3TunosbiM 80%-m. M3yueHne KauyecTBEHHOro CcocTaBa MOJSlyYEHHOrO M3BNEYEHUs NPoBOAMIN
MeToAoM YnbTpashdEKTUBHOW XUOKOCTHOW XpomaTorpadum ¢ Macc-CnekTpoMeTpuyecknm getektrpoBaHnem (YIXKX-MC) Ha
xpomatorpade Waters Acquity ¢ guogHo-matpruHbim YD-getektopom n MC-getektopom TQD (Waters Corporation, CLLUA) npu
ycnosuax: KonoHka Acquity UPLC BEH C18 (0,21 X 15,0 cm, 1,7 MKM), rpagueHTHbIA pexkum snovpoBaHua (MDA — cmecb Bogbl
n auetoHuTpuna (95:5) ¢ 0,1%-i mypasbuHon kucnoton, NOb - auetoHuTpUn ¢ 0,1%- MypaBbUHON KUCIOTOM), TemnepaTypa
konoHkn 35 °C, ckopocTb notoka 0,25 mn/muH, YO-petekTnpoBaHue npu 220-500 HM, Macc-CNeKTPOMETPUA B pexmmax
perncTpauum No3NTUBHBIX 1 HEFATUBHbIX MOHOB.

Pesynbratbl n o6cyxpaeHmne. B 80%-m 3TaHONbHOM K3BfiIeYeHUN U3 TPaBbl B. monnieri obHapyxeHo 14 GeHONbHbIX CoefUHEHNIA,
M3 KOTOpbIX 7 NAeHTUOULUMPOBAHO (TMAPOKCUKOPUYHbBIE KACIOTbI U UX FMUKO3MAb: KodenHon KncnoTbl 4-O-rnioKoypoHnus,
MoHbepasug lll, nnatanosng B, 1-(3,4-pgurugpokcudereTtnn)-2-bepynonn-D-rnoko3ung; dbnaBoHouabl: KBepLeTUH-3-rIoKoypoHua,
NOTEONUH-7-TNIIOKOYPOHUA, anureHUH-7-rniokoypoHua). MNMpuuenbHbli NOWCK CanoHWHOB C BbiIGpaHHOW Maccol MoHa 455
o6Hapyxun 12 coepguHeHuin, 6 U3 HUX uaeHTUdMUMpoBaHbl: 6ako3ug A3, 6akonasugbl Il n VIl, 6akomocanoHnHbl A 1 B,
6akonacanoHuH C.

3aknouyeHmne. Metogom YIXKX-MC u3syyeH KOMMOHEHTHbIA cocTaB 80%-ro 3TaHONbHOrO M3BfeYyeHMA Tpasbl B. monnieri.
B cbipbe 3TOro BMaa Bnepsble nAeHTUOGULMPOBAHbI NIOTEONNH-7-TIIOKOYPOHU, KBEPLETUH-7-TIOKOYPOHUI, KOGENHON KMCNOTbI
4-O-rnokoypoHung n 1-(3,4-gurngpokcundenetun)-2-depynovn-D-rnoko3mna,.

KnioueBble cnoBa: TpaBa, Bacopa monnieri, YKX-MC, KaueCTBEHHbIN aHann3

KoH)NMKT nHTepecoB. ABTOPbI AeKNapupyloT OTCYTCTBUE ABHbIX M MOTEHUMANbHbIX KOHGIUKTOB WHTEPECOB, CBA3aHHbIX C
ny6nuKaumen HacTosLLen cTaTby.
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N3roToBfieHNe cnupToBoro u3sBneuveHusa. [1. 0. bokoB — npoBeAeHMe 3KCMepUMEHTanbHbIX MccnegoBaHuiA. Bce aBTopbl
yuyaCTBOBaV B HaNMCaHUM TEKCTa CTaTby U 06CYXAeHNN pe3ynbTaToB.
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Abstract

Introduction. Bacopa monnieri (Brahmi) is an Ayurvedic medicinal plant with pronounced nootropic and neuroprotective
properties. The therapeutic effect of preparations based on it is mainly associated with the content of triterpene saponins,
but other components, including phenolic compounds, contribute to the overall effect. Despite the long history of medicinal
use, there are few studies of the diversity of biologically active substances (BASs) of B. monnieri.

Aim. Analysis of the component composition of biologically active substances of Bacopa monnieri herb (aerial parts) extracted
with 80 % ethyl alcohol using ultra-performance liquid chromatography with mass spectrometric detection (UPLC-MS).

Materials and methods. The study subject was B. monnieri herb (Hassan, India). A 1:10 extract was obtained by threefold
extraction with 80 % ethyl alcohol. The qualitative composition of the obtained extract was studied by UPLC-MS on a Waters
Acquity chromatograph with a diode-array UV detector and a TQD MS detector (Waters Corporation, USA) under the following
conditions: Acquity UPLC BEH C18 column (0.21 X 15.0 cm, 1.7 pm), gradient elution mode (solvent A — water-acetonitrile mixture
(95 :5) with 0.1 % formic acid, solvent B - acetonitrile with 0.1 % formic acid), column temperature 35 °C, flow rate 0.25 mL/min,
UV detection at 220-500 nm, mass spectrometry in the positive and negative ion registration modes.

Results and discussion. In 80 % ethanol extract of B. monnieri herb, 14 phenolic compounds were detected, of which 7
were identified (hydroxycinnamic acids and their glycosides: caffeic acid 4-O-glucuronide, monnieraside lll, plantainoside B,
1-(3,4-dihydroxyphenethyl)-2-feruloyl-D-glucoside, flavonoids: quercetin-3-glucuronide, luteolin-7-glucuronide, apigenin-7-
glucuronide). Targeted search for saponins at 455 selected ion mass detected 12 compounds and identified 6 of them: bacoside
A3, bacopasides Il and VI, bacomosaponins A and B, bacopasaponin C.

Conclusion. The composition of an 80 % ethanol extract of B. monnieri was studied using UPLC-MS. Luteolin-7-glucuronide,
quercetin-7-glucuronide, caffeic acid 4-O-glucuronide and 1-(3,4-dihydroxyphenethyl)-2-feruloyl-D-glucoside were identified
for the first time in the raw material of this species.
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BBEAEHME >KEHHbIM HOOTPOMHbIM, HENPOMPOTEKTOPHbIM, aHTUOK-
CMIAHTHBIM 1 MPOTMBOBOCMANNTENIbHLIM AENCTBUEM [2];
OHM BKIOYeHbl B WHawniickyto, bputaHckylo ¢apmako-

neu, Aiopeeguueckyto dapmakoneto NHgmm [3-5].

bakona MoHbe (Bacopa monnieri) — TpaBAHUCTOE
pacTeHvie 13 cemelicTBa MOAOPOXHMKOBLIX (Plantagina-

ceae), ncrnonb3lyemoe B TPajWLUMOHHOW MeauuuHe U
M3BECTHOe B alopBefde noj HasBaHuem «bpaxmu» [1].
Cblpbe 1 npenapaTtbl HA ero oCHoBe 06N1aAaloT Bbipa-

TpaBa B. monnieri umeeT 60raTblil XMMUYECKNIA CO-
ctaB. OHa coaepXunT ankanougbl (bpaxmMuH, repnecTuH,
HWKOTWH), pnaBoHOMAbI (aNUreHNH, BOFOHWH, OPOKCUH-
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OVIH, KBEPUETWH, JIOTe0NINH), PpUTOCTEpUHDbI (6aKocTe-
pon, 6eTa-cMTOCTEPON, CTUrMACTaHOJM, CTUIMacTepor),
TpUTEpneHoBble CanMoOHWHbI (a3matukosung, 6axko3ngbl
A n B, 6akonacanoHuHbl A-G, 6akomocarnoHuHbl A 1 B,
6akonasmgpl 1-XIl), gpyrve TpuTepneHoBble coefviHe-
HUA (a3naTrMKoBas KUCNOTa, 6eTynnHOoBas KUCNOTa, Ma-
JeKkaccoBaa KMWC/0Ta, ypconoBasa KucnoTa, 6akobu-
TauuHbl A-D, Kykyp6utauuH E), rugpokcukopuuHble
Kncnotbl (3,40MMETOKCMKOPUYHAA KMCNOTa, MOHbepa-
3mp lll), cnupT D-MaHHUT 1 peHUN3TaHOUAHBIN TANKO-
3mAa nnataHosug B [6-13]. VimeHHO c TpuTepneHoBbIMA
CanoHMHaMM U UX meTabonuTamuy, a Takke ¢ peHonb-
HbIM coefuMHeHVeM nnaTtaHo3ngom B cBA3biBalOT Tepa-
neBTuyeckoe pencteue B. monnieri [1, 2, 5, 11, 13].
Mpucytcterne stux rpynn BAB noareepgnnn Kauect-
BEHHbIMW peakuuamn Parveen u gp., Gupta un gp., Gaya-
thri n gp., Shanmugan n ap., Pawar n gp. ¢ ncnonb3o-
BaHMEM pa3HbIx pacTBopuTenein (tabnuua 1). Cpas-
HUTESIbHBIA aHanM3 MoKasas, YTo Haubosbluee Konu-
yecTBO pasHbix rpynn BAB n3Bnekaetca cnnpTom 3Tu-
nosbim 95%-m.

QapmakoneriHbIM MeTOAOM CTaHZApPTM3aLuMM CbipbsA
B. monnieri aBnaeTca BblCOKO3pPEKTUBHAA XKUOKOCTHasA
xpomaTtorpadua (B3XKX) no cogepxaHuio 6akosmga A
(MHpuinckaa dapmakones) [3] n cymme camnoHuHoB (6a-
ko3ug A3, 6akonasugpl |, Il, C n X) B nepecyete Ha 6a-
konasug Il (BputaHckaa ¢apmakones) [4]. KauecTBeH-
HbIl COCTaB CanoHWHOB MeTofom BIMX m3yyeH B cocTa-
BE METAHOJIbHbIX U3BJIEYEHUN C WUCMONb30BAHNEM 3JIHO-
eHTOB: 0,72%-11 pacTBOp 6e3BofHOro cynbdaTta HaTpua
1 auetoHuTpun (65:35) [18], 0,001 M pacTBOp ANrMAPO-
¢docdata kanua n auetoHutpun (0:100; 70:30; 60:40;
70:30) [19], aueTtoHuTpun u 0,2%-1 pacteop ¢docdop-
HoW KucnoTbl (65:35) [20]. OgHako Bo3MOXKHOCTM BIPKX
MMEeIOT CBOW orpaHunyeHus. MimMeHHo YIKX 3a cueT mMeHb-
Wero AMameTpa yactuy 1 6osiee BbICOKOro pabouyero
faBneHna (<2 MkMm 1 <1200 6ap B cpaBHEHUM C 3-5 MKM
n <600 6ap) obecrneuymBaeT NOBbILIEHHYIO YYBCTBUTENb-
HOCTb U 6onee 3bdPeKTUBHOE pasfeneHre NMKOB coeau-
HEeHUIA, coflepKalmxcsa B Npobe B MEHbLUMX obbemax [21,
22], yTo NO3BONAET PaCIMPUTb CNEKTP n3yyeHHOCTH BAB.

B HacTosAlee BpemAa Ha OTeueCTBEHHbIN dapmaLies-
TUYECKUIA PbIHOK B. monnieri noctynaet B Buge 6mono-
rMyeckn akTMBHbIX [06aBOK (MOPOLIKOB, SKCTPAKTOB U
Ap.), KoTopble cogepxaTt Becb kKomnnekc BAB. MpuHumasn
BO BHMMaHMe TOT $aKT, YTO Cbipbe ABNAETCA Nepcrek-
TUBHbIM AN1A BKoUYeHUA B FocyaapcTtBeHHyo dapmako-
neio PO, uenecoobpasHoO U3yyeHME €ero XMMUYECKOro
COCTaBa C WUCMONb30BaHNEM COBPEMEHHbIX (UINKO-XU-
MUYECKNX MeTOAOB aHanu3a. Kpome TOro, KauectBeHHbIN
coctaB ¢paKkuuKn, PacTBOPUMON B CnMpTe 6oniee HU3KOM
KOHLEHTpaLu1u, paHee He n3yyJancsa.

Lienb nccnegoBaHna — aHann3 KOMMOHEHTHOMO CO-
CTaBa GMONOrMYeCcKN akTUBHBIX BellecTB Tpasbl Bacopa
monnieri, n3BnekaembIx CNMPTOM 3TUNOBbIM 80%-M, Me-
Togom YIXKX-MC.

Ta6bnuua 1. XmmMunyeckunin coctaB pasHbIX U3BNeYeHUn
TpaBbl B. monnieri[9, 14-171]

Table 1. Chemical composition of different extracts
of B. monnieri herb [9, 14-17]
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MpumeyaHune. * «<—» — oTpuLATeNbHbLIA pPe3ynbTaT; «+» —
NONOXUTENbHbIW; «+/-» — AaHHble Pa3NMyanncb B PasHbIX
ncroyHukax; N/A — oTcyTcTBME AAHHDIX.

Note. *"-" — negative; "+" - positive; "+/-" — data varied
across sources; N/A - no data.

Tabnuua npepocTaBneHa aBTopamm
The table was provided by the authors

MATEPUAJIbI U METOAbI

O6bekToM KccefoBaHvA Obila TpaBa B. monnieri,
3aroToBfeHHas B 60TAHMYECKOM Cafly alopBeamnyeckoro
konnemka (SDM College of Ayurveda & Hospital, r. Xa-
caH, VHgna) 05.12.2019. boTtaHnuyeckas NAEHTUYHOCTb
ob6pasua ycTaHoBsieHa npodeccopom Kadpeapbl OpaBbs-
ryHa SDM College XapuHu A. Pao. V13BneuyeHune m3 cbl-
pbA roTOBMAM C WCMNOJSIb30BaHMEM CNMpTa 3TUIOBOrO
80%-ro. 5 r M3mMeNnb4yeHHOro CbipbA (TOYHaAA HaBecka),
NPOXOAALLEro CKBO3b CUTO C Pa3MepOM OTBEPCTUN 1 MM,
TPEeXKpaTHO 3KCTparupoBanu 50 mn cnvpTta 3TUIOBOrO
80%-ro B TeueHre 1 Y Ha KunAwen BoasaHon H6aHe c 06-
paTHbIM XONOAWNBbHUKOM, GUNbTPOBaNK 4yepes GuUIbLTP
«KpacHadA fIeHTa», NOJlyYeHHOE M3BNEYEHME NEPEHOCUN
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B MepHyto Konby obbemom 50 mn 1 JOBOAUIU A0 METKU
3KCTpareHToMm.

CymmapHoe n3BneyeHuvie LeHTpudyrnposani 10 MyH
npu 14000 06/MUH, CynepHaTaHT MepPeHOCUSIM B XpoMa-
Torpaduueckylo Bmany. MccneposaHwe npoBoavnu Ha
xpomatorpade Waters Acquility ¢ anogHo-maTpuyHbIiM
YO-pgetektopom n MC-getektopom TQD (Waters Corpo-
ration, CLUA) metogom ynbTpaspPeKTUBHON MUAKOCT-
HOW XpomaTtorpadum C Macc-CNeKTPOMETPUYECKM fJe-
TekTupoBaHuem (YIXKX-MC).

YcnoBua xpomartorpadpupoBaHua: nogsuxkHaa ¢a-
3a A (NDA) - cmecb Bogbl M auetoHuTpuna ¢ 0,1%-in
(06./06.) MypaBbUHOI KucnoToin (95:5); noaBukHas da-
3a B (M®B) - auetoHutpun ¢ 0,1%-1 (06./06.) MypaBbU-
HOW KUCNOTOWN; 06bemM UCMbITyeMO Npobbl 1 CTaHAAPT-
HbIX PacTBOPOB — Mo 5 MKN; KonoHka Acuility UPLC BEH
C18, 0,21 x 150 cm (1,7 mKMm); TemnepaTypa KOJIOHKU
35°C; ckopocTb notoka 0,25 Mn/MWH; rpagueHTHbIN pe-
XXMM xpomaTorpadurpoBaHua GopmmpoBanu nytem cme-
LIMBaHWA NOABUXHbIX ¢pa3 A u B (tabnuua 2).

Ta6nuuya 2. F[pagueHTHbI peXxum xpomaTorpadpupoBaHua

Table 2. Gradient elution scheme

Bpems, MuH MoaBukHanA MoaBwKHanA
Time ,min daza A, % dazaB, %
! Solvent A, % Solvent B, %
0 95 5
30 50 50
32 0 100
33 95 5
36 95 5

Tabnuua npepocTaBneHa aBTopamm
The table was provided by the authors

YO-getekTmpoBaHve nposoaunn npu 220-500 HM.
YcnoBua Macc-CneKTpoOMeTpUYecKoro onpeaeneHvs B
pa3HbIX pexrmax npmseseHbl B Tabnuue 3.

PE3YJIbTATbl U OBCYXAEHUE

M3BneyeHne nmeeT CNOXKHbIN COCTaB, NO3TOMY Yy4u-
TbIBaNWU JaHHbIe 4R NUKOB, MMEeIoLWMX NoLWaAb He MeHee
1% oT cymmbl BCcex nnowagen npu 260 HM (prcyHoK 1),
BpeMA yaep>KuBaHMA He meHee 3,0 MMH U JOCTaTOYHbIN
OTKNMK Ha MC-geTekTope. Bblbop [VHbI BOMIHbI O6YC-
NOBNEH aHanM30M [aHHbIX ANOAHO-MAaTPUYHOrO AeTeK-
TMPOBaHWA, NOKasaBWNM, YTo nNpu 260 HM y[OBNETBO-
puTenbHO obHapy»K1BaeTcA 6ONbWNHCTBO KOMMOHEHTOB
CMecu NpU He3HaunTeNnbHOM apende 6a30BOWN NUHNN.

MNpoBeneHHbIN aHanM3 No3Bonun obHapyXuTb 14 co-
efnHeHUn ¢eHonbHOW npupoabl (Tabnuua 4). Ha ocHo-
BaHWWN MacC-CNeKTPOB MpY MOHM3aUMX B NO3UTUBHOM U
HeraTMBHOM peXxumax Obliv onpefeneHbl MoneKynsap-
Hble noHbl (M + H*, M+ Nat, M—H- nu M+ HCOO"), mo-
NeKyNAPHbIN BEC KOMMOHEHTa, a no ¢dparmeHTaunn u
YO-cnekTpam nNpeanosioXeHa CTPYKTypa arfiMkoHa, BXO-
JdAuero B coctaB monekynbl. CTPyKTypHble dopmynbl Npu-

BeAeHbl Ha OCHOBAHUW aHaln3a JINTePAaTYPHbIX OaHHbIX.
OueBngHo, B pe3ynbTate OKUUIEHUA O6pa3yIOTCFI npons-
BOAHbIE FJ'IIOKypOHOBOVI KNCNOTbl, MOCKOJIbKY n3oMepun3a-
una yFJ'IeBO,D,HOVI 4aCT MaJIOBEPOATHa.

Ta6nuua 3. Ycnoeua
Macc-CneKTpoMeTpUUYeCcKoro onpegeneHuns

Table 3. Conditions of mass spectrometric determination

c c
23 t:.0,|8i, ¢
gs S8y |s558=22
5 E EEECE | 5EERE
&= 2a3s6E | amsPE
Ca 0 o o ] c
| = E F <
HanpsxeHwne Ha Kanunnape +3 kB -3 kB
Capillary voltage +3 kV -3 kV
HanpsxeHne Ha KoHyce 508 -30B
Cone voltage 50V -30V
Temnepatypa Kanunnsapa o o
Capillary temperature 450°C 350°C
TemnepaTypa NCTOYHNKA 120°C 120°C
Source temperature
Cropocts notoka ocywaio-| gy, | 500y
rer 800 I/h 500 I/h
Drying gas flow rate
CKOpOCTb NOTOKa rasa B KO- 50 /4 50 /4
Hyce
Gas flow rate in the cone S0l S0l
CkaHupoBaHWe B Auanaso- ot 100 ot 100
P A 0o 1500 ea. no 1500 ea.
He macc 100 100
Mass range scanning to 1500 amu to 1500 amu

Tabnuua npefoctaBneHa aBTopamu
The table was provided by the authors

PacnpepeneHne obGHapy»KeHHbIX COEAUHEHWUA B 3a-
BUCMMOCTW OT njowaan NuKoB (PUCYHOK 2) HarnagHo
UNNIOCTPUPYET, YTO GOMBIUMHCTBO M3 HUX OTHOCATCA K
¢dnaBoHOMAAM U TMAPOKCUKOPUYHBIM KUCIOTaM, BMecTe
C Tem Hebosblasi YacTb He upaeHTMoUUMpOBaHa. Jlo-
TEONVH-7-TNIOKOYPOHUL — MaopHbIi dnaBoHoma, nna-
TaHO3uA B — MakOpHbI rMNKO3NA rMAPOKCUKOPUYHbIX
Kucnot. CBeaeHna O COOTHoLEHUN GEeHONbHbIX coeau-
HEHUIN B W3BJIEYEHUAX APYTUMU SKCTPAreHTaMm OTCYTCT-
BYIOT B IUTEPATYPHbIX JaHHbIX.

Pesynbtatbl Y22KX-MC cornacytotca ¢ nutepaTypHbi-
MW JaHHbIMU: paHee B Tpase B. monnieri npenTndunum-
poBaHbl nnataHo3ug [13], moHbepasug Il [12] n anure-
HUH-7-rnoKoypoHug [23]. OgHako Hamun BhepBble Onu-
CaHbl AN1A 3TOro CbipbA NIOTEONVH-7-TNIIOKOYPOHUT, KBEP-
LeTnH-7-rnioKoypoHud, KodenHon Kncnotbl 4-O-rnioko-
ypoHua (metabonut Il da3bl, obnajarowmin meHblueln
AHTUOKCMAAHTHOW aKTMBHOCTbIO, UeM KodelHas Kucno-
Ta [24]) n 1-(3,4-gurnpgpokcnderHetun)-2-bepynoun-D-
rnoko3ng (No Bcen BUAMMOCTY, ABAAIOLWMNNCA BTOPUY-
HbIM MeTabonnTom).
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Ta6nuua 4. DeHonbHble coeANHEHUA B TpaBe B. monnieri (80%-e cnnpToBOe N3BNeyeHue)

Table 4. Phenolic compounds in B. monnieri herb (80 % alcoholic extract)

HasBaHwue
coefuHeHnA
Compound name

Bpems
yAepXKuBaHus,
Retention time, s
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1. TnppoKcMKopUYHbIE KUC/IOTbI 1 UX FNKO3UAbI
1. Hydroxycinnamic acids and their glycosides

Quercetin-3-glucuronide

OH
KodeiHoi kucnotbl 4-O-rntokoypo- HO., -\ .OH
HUG ‘ . ‘ 5,89 326 356 HO oo N
Caffeic acid 4-O-glucuronide o

HO OH

OH
OH
Monbepasua Il 8,13 259 436
Monnieraside Ill o .0
HO o)
HO" "’o)b\
OH
OH
OH
OH
MnataHo3ug B
. 8,97 327 478
Plantainoside B HO 0° 5
HO™ "'o)‘\/\©\
OH
OH
OH

Visomep nnararoansa B 10,28 327 478 -
Plantainoside B isomer

OH

OH
1-(3,4-gurngpokcndeHeTtunn)-2-dpe-
pynoun-D-rnioko3ng
1-(3,4-dihydroxyphenethyl)-2-feru- 1131 330 492
loyl-D-glucoside
2. ®DnaBoHOMAbI
2. Flavonoids

KBepueTnH-3-rnioKkoypoHug 9,13 351 478
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OKoHuYaHue mabauysi 4
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ﬂIOTeo.J'II/IH-7-I'J'IIOK0¥pOHI/I,q 9,84 348 462
Luteolin-7-glucuronide
I'Ipoms.Bo,que nioTeonmHa 1 11,01 365 688
Luteolin derivative 1
AI'II./IreH.I/IH—7—rJ1IOKOyPOHI/I,q 11,81 336 446
Apigenin-7-glucuronide
I'Ipoms.Boan?e NioTeonmHa 2 1537 344 536 _
Luteolin derivative 2
3. HenpgeHTnduumpoBaHHble peHONbHbIE COeANHEHUA
3. Unidentified phenolic compounds
CoepunHeHue 1 9,46 358 520 _
Compound 1
CoefviHeHNe 2 9,98 331 624 _
Compound 2
CoenvHeHne 3 20,09 237 718 _
Compound 3
CoepuHeHve 4 2858 235 556 _
Compound 4

MpuMmeuaHme. * «—» — TOYHaA CTPYKTypa He MAEHTUGULMPOBaAHA.

Note. * "-" — the structure was not identified.

Tabnuua npefocTaBneHa aBTopamu
The table was provided by the authors

Mockonbky ocHoBHoOW rpynnon BAB B. monnieri
ABMAOTCA CaNOHWUHbI, ObINO NPOBeeHO KX LefeHanpas-
NeHHoe onpefeneHne 1 BbINOJIHEH MOWCK COeavHEeHUN
B peXrme MOHUTOPUHra Bbl6paHHbIX MoHoB (SIM). Mo-
CKONbKY 3TW CafOHWHbI MNIOXO AeTekTupylTca B YO-
CneKkTpe, onpegeneHne ocywecTBaanmM ¢ nomouypbto MC-
feTekTopa. B pe3ynbTate ¢parmeHTaumy canoHVHOB BU-
Ia Bacopa obpasyetca arnukoH c¢ maccoi 455 ([arnu-
KOH + H - HZO]+) [25], cooTBeTCTBYIOWMI OCHOBHbIM aK-
TUBHbIM CoeguHeHUAM B. monnieri. 3Tum obycnosneH
BbI6OP Macchbl MOHa (pUCYHOK 3, Tabnuua 5).

CpaBHeHMe nowaamn NUKOB CanoHVMHOB (PUCYHOK 4)
rokasaso, Yto B m3BfieyeHn npeobnagann 6akosug A3,
6akonacanoHuH C n 6akonasug ll.

Muku, coaepalmne oANHAKOBBIA MOH pparmMeHTa C
Maccon 455 (n 473) B NO3UTUBHOM peXnme MOHU3aL N
(6e3 YO-nornoweHnsa), ABNATCA NPOU3BOAHbIMK 0000-
reHvHa unu nceesgotooboreHnHa (PUCYHOK 5) — BTopumu-
HbIX MeTabonutoB 6ako3uaa A3 n 6akonasuga Il coot-
BETCTBEHHO [26]. MMo3nuun rMmMKo3uanpoBaHna 1 yrie-
BOAHBIA COCTaB OblIM BblIOpaHbl HA OCHOBAHUM aHanu3a
NUTEpPaTYpPHbIX AaHHbIX [27].

MNpoBefeHHble MCCnefoBaHNA MOKasanu, YTo CnupT
aTnnoBbii 80%-1 NO3BONAET M3BMeYb TONbKO YacTb TpU-
TEPMEeHOBbIX CANOHVNHOB, COAEPXaHNe KOTOPbIX MO AaH-
HbIM YIXKX-MC coctaBuno meHee 1 %. ITOT meTop Mo3-
BOMISIET C BbICOKOW AONeN BEPOATHOCTM ONpenennTb Co-
CTaB CarnoHNHOBON $paKLUN.
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PrcyHok npepgocTaBneH aBTopamu
The figure was provided by the authors

PucyHok 1. Xpomatorpamma YIXKX-MC 80%-ro cnupToBOro ussneuyeHus B. monnieri (anuHa BonHbl 260 HM):

1 - KodenHom Kucnotbl 4-O-rnokoypoHnpg; 2 — monbepasug lll; 3 - nnataHosnpg B; 4 — KBepLeTUH-3-TMIOKOYPOHMNA; 5 -
coepnHeHmne 1; 6 - NOTEONNH-7-rNIOKOYpoHUNA; 7 — coeanHeHne 2; 8 — nsomep nnartaHosunpa B; 9 - nponssoagHoe nioreo-
nuHa 1; 10 - 1-(3,4-gurnppokcudeHernn)-2-¢pepynonn-D-rnokosug; 11 - anureHnH-7-rnioKoypoHna; 12 — npoussopHoe
noteonnHa 2; 13 - coeanHeHmue 3; 14 - coeguHeHne 4

Figure 1. UPLC-MS chromatogram of 80 % ethanol extract of B. monnieri (wavelength 260 nm):

1 - caffeic acid 4-O-glucuronide; 2 - monnieraside IlI; 3 - plantainoside B; 4 — quercetin-3-glucuronide; 5 - compound 1;
6 - luteolin-7-glucuronide; 7 - compound 2; 8 - plantainoside B isomer; 9 - luteolin derivative 1; 10 - 1-(3,4-dihyd-
roxyphenethyl)-2-feruloyl-D-glucoside; 11 - apigenin-7-glucuronide; 12 - luteolin derivative 2; 13 - compound 3; 14 -
compound 4

Ta6nuua 5. CanoHuHbI B TpaBe B. monnieri (80%-e cnupToBoe n3BneyeHmne)

Table 5. Saponins in B. monnieri herb (80 % alcoholic extract)

Ha3zBaHue coegnHeHnna | Bpemsa ygepxuBaHus, c | MoneKkynsapHas macca Bo3morkHas cTpyKTypa*
Compound name Retention time, s Molecular mass Possible structure*

bako3ug A3

Bacoside A3 2312 928

PA3PABOTKA U PETUCTPALNA JIEKAPCTBEHHbIX CPE[CTB. 2026. T. 15, N2 3 2
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MpodomxeHue mabauysl 5

HasBaHue coeguHeHus
Compound name

Bpems yaepxuBaHus, c
Retention time, s

MonekynapHasa macca
Molecular mass

Bo3smoxHan cTpyKkTypa*
Possible structure*

BaKona3!/|,q Il 23,31 928
Bacopaside |l

EaKomocanom(lH A 23,8 1144
Bacomosaponin A

bakonasug VI

Bacopaside VI 23:%6 -
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OkoHyaHue mabauysl 5
HasBaHune coeguHeHna | Bpema yaepxunsaHus, c| MonekynapHasa macca Bo3smoxKHan cTpyKTypa*
Compound name Retention time, s Molecular mass Possible structure*
BaKomocanom{lH B 24,09 1014
Bacomosaponin B
EaKOI‘IacaI'IOH!/IH C 2426 898
Bacopasaponin C
canoHuk 1 25,2 984 -
Saponin 1
Canonuk 2 2578 970 -
Saponin 2
canorui 3 26,4 1070 -
Saponin 3
Canorik 4 26,76 994 -
Saponin 4
Canokmk 5 27,94 1080 -
Saponin 5
CanoriH 6 28,56 556 -
Saponin 6

MpumeuaHme. * «—» — TOYHaA CTPYKTypa He MAEHTUGULMPOBAHA.

Note. * "-" — the structure was not identified.

Tabnuua npefocTaBneHa aBTopamu
The table was provided by the authors
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5 (24,96 %)
4(2,74%)
N
3(3,34%) .\ . 6 (6,5%)
_ 7 (2,47%)
——

2 (9,58 %) —8(1,34%)
~

11,64 % 9 (1,05%)
1(28,42%)

O FMApPOKCUKOPUYHBIE KUCNOTI
W X rnukosnasl
Hydroxycinnamic acids and
their glycosides

. ®nasoHouabl HewusBecTHble peHONbHbLIE CO8ANHEHUA
Flavonoids Unknown phenolic compounds

PricyHoK npepocTaBneH asTopamm
The figure was provided by the authors

PucyHok 2. lnarpamma pacnpepeneHusa nnowaan nukoB ¢eHONbHbIX coefgnHeHUi B 80%-M CMUPTOBOM M3BJ/ieYeHUN
Tpasbl B. monnieri:

1 - NIOTEONUNH-7-FMIOKOYPOHNA; 2 - anUreHVH-7-roKoypoHusa; 3 - Apyrve npovisBofHble NIOTEONNHa; 4 - KBepue-
TUH-7-TNIOKOYPOHUA; 5 - nnataHo3ug B; 6 - moHbepasug lll; 7 - 1-(3,4-gurngpokcndererun)-2-pepynoun-D-rniokosng;
8 - nsomep nnaraHosunga B; 9 - kodenHon KncnoTbl 4-O-rnOKOypoHNp,

Figure 2. Peak area distribution diagram of phenolic compounds in 80 % ethanol extract of B. monnieri herb:

1 - luteolin-7-glucuronide; 2 - apigenin-7-glucuronide; 3 - other luteolin derivatives; 4 - quercetin-7-glucuronide; 5 -
plantainoside B; 6 - monnieraside IlI; 7 - 1-(3,4-dihydroxyphenethyl)-2-feruloyl-D-glucoside; 8 - plantainoside B isomer;
9 - caffeic acid 4-O-glucuronide
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PricyHOK npepocTaBneH aBTopamm
The figure was provided by the authors

PucyHok 3. SIM-xpomaTtorpamma 80%-ro cnmpToBOro ussnevyeHus B. monnieri Ha BbiI6paHHOI Macce noHa 455:

1 - 6ako3upg A3; 2 - 6akonasug ll; 3 - 6akomocanoHuH A; 4 - 6akonasug VIl; 5 - 6akomocanoHuH B; 6 - 6akonacanoHuH C;
7 — canoHuH 1; 8 - canoHuH 2; 9 — canoHuH 3; 10 - canoHuH 4; 11 - canoHuH 5; 12 - canoHuH 6

Figure 3. SIM chromatogram of an 80 % ethanol extract of B. monnieri for the selected mass of 455:

1 - bacoside A3; 2 - bacopaside II; 3 - bacomosaponin A; 4 - bacopaside VII; 5 - bacomosaponin B; 6 - bacopasaponin C;
7 - saponin 1; 8 - saponin 2; 9 - saponin 3; 10 — saponin 4; 11 — saponin 5; 12 - saponin 6
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3 (15,41 %)

2 (16,47 %) 4 (8,45 %)
5 (7,14 %)
6 (6,1%)
119,17 %)
7 (20,04 %)

PricyHok npepocTaBneH asTopamm
The figure was provided by the authors

PucyHok 4. Amnarpamma pacnpefeneHvs nnaowagn nwm-
KOB CanoHWHOB B 80%-M CNMMPTOBOM W3BJIeYEHMU TPaBbl
B. monnieri:

1 - 6ako3upg A3; 2 - 6akonacanoHuH C; 3 - 6akonasug li;
4 - 6aKomMmocanoHuH B; 5 - 6akomocanoHuH A; 6 - 6akona-
3up Vil; 7 - HensBecTHble CaNnOHMHbI

Figure 4. Peak area distribution diagram of saponins in an
80 % ethanol extract of B. monnieri herb:

1 - bacoside A3; 2 - bacopasaponin C; 3 - bacopaside II;
4 - bacomosaponin B; 5 - bacomosaponin A; 6 - bacopasi-
de VII; 7 - unknown saponins

PricyHoKk npepocTaBneH asTopamm
The figure was provided by the authors

PucyHok 5. CTpyKkTypa toto6oreHunHa (A) n ncespotoro6ore-
HuHa (b)

Figure 5. Structure of juubogenin (A) and pseudojuju-
bogenin (B)

3AKJIIOYEHUE

Bo3amoxkHocTn YIXKX-MC nossonunu Bnepsble n3y-
unTb coctaB 80%-ro CNMPTOBOrO W3BJIEYEHUA TpPaBbl
Bacopa monnieri v onpefnenntb B HemM peHOsIbHble CO-
efiHeHNA: 4 TMAPOKCUKOPUYHbIE KNCNOTbI (KOpenHoN
Kucnotbl 4-O-rnokoypoHug, moHbepasug lll, nnataHo-
3ug B, 1-(3,4-gpurupgpokcuderetun)-2-bepynoun-D-rito-
kKo3ua) u 3 dnaBoHouAa (KBEPUETMH-3-TNIOKOYPOHNS,
NOTEONNH-7-TNIIOKOYPOHWA, anureHuH-7-rnioKoypoHna),
4 13 KOTOPbIX (NIIOTEONUH-7-TNIIOKOYPOHUT, KBEPLETUH-7-
rNOKOYPOHNE, KOpenHon KUcnoTbl 4-O-rniokoypoHug u
1-(3,4-purngpokcnderetnn)-2-bepynoun-D-rnioko3mg)
maeHTUdunuUMpoBaHbl Bnepsble. Ha Y2XKX-MC-xpomator-
paMme OTHOCUTENbHbIe 3HAYeHUs MUKOB npeobnaganu
[nA NoTeonrHa-7-rMoKoypoHraa, NnataHosmaa B n anure-
HWH-7-rMioKoypoHuaa. Kpome Toro, obHapy»XeHbl 6 Tpu-
TEepPneHOBbIX CanoHMHOB (6ako3ug A3, 6akonasugbl Il n
VII, 6akomocanoHuHbl A n B, 6akonacanoHuH C).

JINTEPATYPA / REFERENCES

1. Charoenphon N., Anandsongvit N., Kosai P., Sirisidthi K.,
Kangwanrangsan N., Jiraungkoorskul W. Brahmi (Baco-
pa monnieri): Up-to-date of memory boosting medici-
nal plant: A review. Indian Journal Of Agricultural Research.
2016;50(1):1-7. https://doi.org/10.18805/ijare.v50i1.8582

2. Gosciniak A., Stasitowicz-Krzemien A., Szelag M., Pawlak J.,
Skiera I., Kwiatkowska H., Nowak N., Bernady K., Trzasko-
ma P, Zimak-Krétkopad O., Cielecka-Piontek J. Bacopa
monnieri: Preclinical and Clinical Evidence of Neuroactive
Effects, Safety of Use and the Search for Improved Bioavai-
lability. Nutrients. 2025;17(11):1939. https://doi.org/10.3390/
nul7111939

3. The Indian Pharmacopoeia Commission. Indian Pharmaco-
poeia 9th Edition Volume lIl. Ghaziabad: Indian Pharmaco-
poeia Commission; 2022. 4784 p.

4.  British Pharmacopoeia Commission. British Pharmacopoeia
2024th edition. London: Stationery Office; 2024. 6700 p.

5. Government Of India, Ministry Of Health And Family Wel-
fare, Department Of Ayurveda, Yoga & Naturopathy, Una-
ni, Siddha And Homoeopathy. The Ayurvedic Pharmaco-
poeia of India Part | Volume Il. New Delhi: Government
Of India; 1999. 397 p.

6. Pandey A.K. Bacopa monnieri (Linn.) Pennell — A Possib-
le Plant for Impossible Diseases (A Review) Advances in
Pharmacology and Pharmacy. 2022;10(1):35-53. https://doi.
org/10.13189/app.2022.100104

7. Hossain H., Al-Mansur M. A., Akter S., Sara U.R.S,,
Ahmed M.R., Jahangir A.A. Evaluation of anti-inflamma-
tory activity and total tannin content from the leaves of
Bacopa monnieri (Linn.). International Journal of Pharma-
ceutical Sciences and Research. 2014;5(4):1246-1252.

8. Jeyasri R., Muthuramalingam P, Suba V. Ramesh M.,
Chen J.-T. Bacopa monnieri and Their Bioactive Compounds
Inferred Multi-Target Treatment Strategy for Neurologi-
cal Diseases: A Cheminformatics and System Pharmaco-
logy Approach. Biomolecules. 2020;10(4):536. https://doi.
0rg/10.3390/biom 10040536

9. Parveen R., Shamsi T.N., Kumar H., Fatima S. Phytoche-
mical analysis and in vitro biological characterization
of aqueous and methanolic extract of Bacopa monnie-
ri. International Journal of Pharmacy and Pharmaceuti-

PA3PABOTKA U PETUCTPALNA JIEKAPCTBEHHbIX CPE[CTB. 2026. T. 15, N2 3 2
DRUG DEVELOPMENT & REGISTRATION. 2026. V. 15, No. 3 05


https://doi.org/10.18805/ijare.v50i1.8582
https://doi.org/10.3390/nu17111939
https://doi.org/10.3390/nu17111939
https://doi.org/10.13189/app.2022.100104
https://doi.org/10.13189/app.2022.100104
https://doi.org/10.3390/biom10040536
https://doi.org/10.3390/biom10040536

MemoobwI aHanusa nekapcmeeHHbIX cpedcme
Analytical Methods

cal Sciences. 2016;8(12):90-96. https://doi.org/10.22159/  19. Padhiari B., Ray A., Halder T,, Jena S., Champati B., Sahoo A.,
ijpps.2016v8i12.14739 Kar B., Ghosh B., Panda P., Nayak S. Quality control of ba-
10. Bhandari P, Sendri N., Devidas S. B. Dammarane triterpe- copa monnieri by high-performance liquid chromatogra-
noid glycosides in Bacopa monnieri: A review on chemical phy fingerprinting combined with chemometric methods.
diversity and bioactivity. Phytochemistry. 2020;172:112276. Pharmacognosy Magazine. 2021;17(76):872-881.
https://doi.org/10.1016/j.phytochem.2020.112276 20. Inthima P, Supaibulwatana K. Comparative Growth and
11. Fukuda A., Nakashima S., Oda Y., Nishimura K., Kawashi- Bacoside Production in Diploid and Tetraploid Baco-
ma H. Kimura H., Ohgita T. Kawashita E., Ishihara K, pa monnieri (L) Wettst. Cultivated Indoors via Hydropo-
Hanaki A., Okazaki M., Matsuda E., Tanaka Y., Nakamu- nic and Soil Culture Systems. Horticulturae. 2024;10(6):574.
ra S., Matsumoto T., Akiba S., Saito H., Matsuda H., Taka- https://doi.org/10.3390/horticulturae10060574
ta K. Plantainoside B in Bacopa monniera Binds to AR 21. Gumustas M., Kurbanoglu S., Uslu B., Ozkan S. A. UPLC
Aggregates Attenuating Neuronal Damage and Memo- versus HPLC on Drug Analysis: Advantageous, Appli-
ry Deficits Induced by AB. Biological and Pharmaceutical cations and Their Validation Parameters. Chromato-
Bulletin. 2023;46(2):320-333. https://doi.org/10.1248/bpb. graphia.  2013;76:1365-1427.  https://doi.org/10.1007/
b22-00797 s10337-013-2477-8
12. Ohta T., Nakamura S., Nakashima S., Oda Y., Matsumoto T,  22. Swetha Sri R., Bhavya Sri K., Mounika C. A Review on Com-
Fukaya M., Yano M., Yoshikawa M., Matsuda H. Chemical parative study of HPLC and UPLC. Research Journal of
structures of constituents from the whole plant of Bacopa Pharmacy and Technology. 2020;13(3):1570-1574. https://doi.
monniera. Journal of Natural Medicines. 2016;70(3):404-411. 0rg/10.5958/0974-360X.2020.00284.X
https://doi.org/10.1007/511418-016-0986-0 23. Gurjar S.P, Roy A., Gupta A., Raja V., Rustagi S., Verma D.,
13. Fatima U., Roy S., Ahmad S., Ali S., Elkady W. M., Khan I, Raj S. In-silico Studies of Phytochemicals from Selected
Alsaffar R. M., Adnan M., Islam A., Hassan M.I. Pharma- Medicinal Plants against Lung Cancer Receptor. Letters
cological attributes of Bacopa monnieri extract: Current in NanoBioScience. 2025;14(2);77. https://doi.org/10.33263/
updates and clinical manifestation. Frontiers in Nutrition. LIANBS142.077
2022;9:972379. https://doi.org/10.3389/fnut.2022.972379 24. Piazzon A., Vrhovsek U., Masuero D., Mattivi F., Mandoj F.,,
14. Gupta R., Jain N. Comparative study on phytochemi- Nardini M. Antioxidant activity of phenolic acids and their
cal screening of different extracts of Bacopa monnie- metabolites: synthesis and antioxidant properties of the
ri. MIT International Journal of Pharmaceutical Sciences. sulfate derivatives of ferulic and caffeic acids and of the
2016;2(2):18-20. acyl glucuronide of ferulic acid. Journal of Agricultural
15. Gayathri G., Muthulakshmi K., Babu S., Gomathi S., Ambi- and Food Chemistry. 2012;60(50):12312-12323. https://doi.
kapathy V., Panneerselvam A. Study of phytochemical ana- org/10.1021/jf304076z
lysis and antioxidant activity on Bacopa monnieri. Aca- 25. Nuengchamnong N., Saesong T., Ingkaninan K. Charac-
demia Journal of Microbiology Research. 2021;9(2):021-032. terization of Triterpenoid Saponins, Phenylethanoids
16. Shanmugam R., Arthi B., Pragya P, Girigoswami A., Koyeli G., and Flavonoids in Bacopa Caroliniana (Walt.) B.L. Robins
Pemula G., Senthilkumar N., Arumugam V.A. A Compre- Using LC-ESI-QTOF-MS/MS Technique. Chromatography
hensive Assessment of the Antioxidant Capacity of Varied and Spectroscopy Techniques. 2021;4(1):61-68. https://doi.
Bacopa Monnieri Extracts and Its Toxicity on Early Life Sta- 0rg/10.36959/326/773
ges of Zebrafish Embryos. Natural Product Communications. ~ 26. Nuengchamnong N., Sookying S., Ingkaninan K. LC-ESI-
2025;20(3). https://doi.org/10.1177/1934578X251327815 QTOF-MS based screening and identification of iso-
17. Pawar S.S., Jadhav M. G. Determination of extractive value meric jujubogenin and pseudojujubogenin aglycones
and phytochemical analysis of Bacopa monnieri (L). Re- in Bacopa monnieri extract. Journal of Pharmaceutical
cent Advances in Life Sciences. 2016;8:1222-1229. and Biomedical Analysis. 2016;129:121-134. https://doi.
18. Alwash B. M. J. Triterpenoid Saponins Investigation and org/10.1016/j.jpba.2016.06.052
Pharmacological (Cytotoxic and Antioxidant) Proper-  27. Murthy H.N. Biotechnological production of bacosides

ties of Bacopa monnieri L. Cultivated in Iraq. Baghdad
Science Journal. 2018;15(2):2. https://doi.org/10.21123/

bsj.2018.15.2.0123

from cell and organ cultures of Bacopa monnieri. Ap-
plied Microbiology and Biotechnology. 2022;106:1799-1811.
https://doi.org/10.1007/s00253-022-11834-0

PA3PABOTKA U PETUCTPALNA IEKAPCTBEHHbIX CPEACTB. 2026. T. 15, N° 3
DRUG DEVELOPMENT & REGISTRATION. 2026. V. 15, No. 3



https://doi.org/10.22159/ijpps.2016v8i12.14739
https://doi.org/10.22159/ijpps.2016v8i12.14739
https://doi.org/10.1016/j.phytochem.2020.112276
https://doi.org/10.1248/bpb.b22-00797
https://doi.org/10.1248/bpb.b22-00797
https://doi.org/10.1007/s11418-016-0986-0
https://doi.org/10.3389/fnut.2022.972379
https://doi.org/10.1177/1934578X251327815
https://doi.org/10.21123/bsj.2018.15.2.0123
https://doi.org/10.21123/bsj.2018.15.2.0123
https://doi.org/10.3390/horticulturae10060574
https://doi.org/10.1007/s10337-013-2477-8
https://doi.org/10.1007/s10337-013-2477-8
https://doi.org/10.5958/0974-360X.2020.00284.X
https://doi.org/10.5958/0974-360X.2020.00284.X
https://doi.org/10.33263/LIANBS142.077
https://doi.org/10.33263/LIANBS142.077
https://doi.org/10.1021/jf304076z
https://doi.org/10.1021/jf304076z
https://doi.org/10.36959/326/773
https://doi.org/10.36959/326/773
https://doi.org/10.1016/j.jpba.2016.06.052
https://doi.org/10.1016/j.jpba.2016.06.052
https://doi.org/10.1007/s00253-022-11834-0

	Кнопка 1076: 
	Кнопка 1079: 
	Кнопка 1086: 
	Кнопка 1073: 
	Кнопка 1080: 
	Кнопка 1082: 
	Кнопка 1083: 
	Кнопка 1084: 
	Кнопка 1085: 
	Кнопка 1093: 
	Кнопка 1074: 
	Кнопка 1081: 
	Кнопка 1087: 
	Кнопка 1089: 
	Кнопка 1090: 
	Кнопка 1075: 
	Кнопка 1078: 
	Кнопка 1091: 
	Кнопка 1092: 
	Кнопка 1077: 
	Кнопка 1088: 


