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Abstract

Introduction. Yellow wood anemone (Anemone ranunculoides L.) is a herbaceous perennial. This plant grows in the European parts of
Russia, Ciscaucasia, Siberia, Central Europe and other regions. It has many different pharmacological activities: immunomodulatory, sedative,
anti-inflammatory, antitoxic, diuretic, antibacterial, antioxidant, antitumor and antirheumatic activity. These various effects are due to their
biologically active compounds, which include ephemeroids, protoanemonin, saponins, tannins, resins, ascorbic acid, ranunculin, oils lipids and
triterpene glycosides. As to phenolic compounds, currently there is no sufficient information on flavonoids and hydroxycinnamic acids (HCAs)
profiles in different species of genus Anemone. Because these groups of compounds are quite specific for yellow wood anemone, their detailed
study seems to be relevant.

Aim. The objective of this research is to identify and quantify flavonoids, HCAs, and their conjugates in Yellow wood anemone leaves, flowers
and rhizomes with roots.

Materials and methods. The identification was carried out by using ultra-high-performance liquid chromatography with diode array and electrospray
ionization-mass spectrometric detection (UHPLC-DAD-ESI-MS) with quantification of individual compounds by external calibration method.

Results and discussion. Among the 47 compounds, 30 flavonoids and 17 derivatives of HCAs were detected. Quercetin glycosides were found
to be the major flavonoids in aerial parts whereas chalcone glycosides - in underground parts. The major HCA in rhizomes with roots was
feruloyltartaric acid (1.18 mg/g) whereas chlorogenic acid was predominant in leaves and flowers (8.68 mg/g and 2.62 mg/g accordingly). The total
content of phenolic compounds was estimated at 60 mg/g on a dry weight basis.

Conclusion. As a result of the research a detailed profile of flavonoids and HCAs acids of anemon was described. The data obtained can serve
to identify this species in the standardization of medicinal plant materials and taxonomic studies.
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Peslome

BBepgeHume. BetpeHuua niotnyHaa (Anemone ranunculoides L.) — MHoroneTHee TpaBAHUCTOE pacTEHUE NPOM3paCcTaeT B eBPONenckon yactm Poccum,
Mpenkaekasbe, Cnbupy, LleHTpanbHoi EBpone u B Apyrux pervoHax. BeTpeHuua noTryHas obnagaet pa3HoobpasHoN dapmakonormyeckom
AaKTMBHOCTbIO: VUMMYHOMOZYNMpPYIOLWEN, CefaTUBHOWN, MPOTMBOBOCMANTENBHON, AHTUTOKCUYECKOW, MOYEroHHOW, aHTMGaKTepuasnbHOW,
AHTMOKCMAAHTHON, MPOTUBOOMYXONEBON WU MPOTUBOPEBMATUYECKOW. TN MHOrouncieHble 3¢deKTbl 06yCrIOBNEHbI GUONOrMYECKN aKTUBHbIMMN
COEANHEHNAMY, BXOAALWMMM B COCTaB 3TOro 3peMepounaa, cpeamn KOTopbiX MPOTOaHEMOHNH, CaNOHUHDBI, TaHWHbI, CMOJIbl, aCKOPOMHOBasA KUCNOTa,
PaHYHKYNUH, Macna, innuabl 1 TpuTeprieHoBble MKo3unabl. loBopA 0 GpeHONbHbIX coefMHEHNAX, clefyeT OTMETUTb, YTO B HacTosALlee BpeMA HeT
[OCTaTOYHOW MHPOopMaLMKM o npodune GnaBoHOUZOB U MMAPOKCMKOPUUHbIX KcnoT (TKK) pasHbix BugoB pofda Anemone. MocKonbKy 3Tu rpynmbl
COefMIHEeHMI JOCTaTOUHO crneundUyHbl AN BETPEHMULbI IIOTUYHON, UX AeTanbHOE N3yyeHUne NpeaCcTaBifeTcsa akTyabHbIM.

Lienb. Llenbio gaHHOro nccnefoBaHUs ABNAAETCA MAEHTUOMKAUMA U KONUYeCcTBEHHOe onpepeneHune ¢pnasoHoupaos, KK n nx KoHbloratos B
NNCTBAX, UBETKAX 1 KOPHEBULLAX C KOPHAMMW BETPEHULbI IIOTUYHON.

Marepuanbl u metogbl. VigeHTndukaumo nposogmnu metogom UHPLC-DAD-HESI/MS, pns KonvMuecTBEHHOTo onpeaeneHus UHANBUAYaNIbHbIX
CcoeAvHEHWIN NCMNOMNb30BaNcA METOA BHELLHero cTaHgapTa.

PesynbTratbl 1 06cyxpeHne. Cpean 47 coeanHeHnin obHapyxeHo 30 ¢pnaBoHomaoB n 17 npowmssBogHbix MKK. YcTaHOBNEHO, YTO B Haf3eMHOM
4acT OCHOBHbIMK ¢$naBoHOMAAMU ABAAIOTCA FNKO3MAbI KBEPLETUHA, a B MOA3EMHON YacTW — XankoHoBble rnuko3uabl. OcHoBHol KK B
KOpHeBMLUax ¢ KopHAMYK bbina depynounsrHHas Kucnota (1,18 mr/r), Torga Kak B IMCTbAX U LiBETKax Npeobnapana xnoporeHosas KucoTa (8,68 mr/r
1 2,62 Mr/r cooTBeTCTBEHHO). ObLee coaepxaHne peHONbHbIX COeMHEHMI COCTaBuUo 60 Mr/T B nepecyeTe Ha CyXyto Maccy Cbipbsi.

3aknioueHue. B pesynbtate npefcTtaBneH noapo6Hbii npodunb dnaBoHompos u NKK BeTpeHuUbl NOTUYHON. [onyyeHHble AaHHble MOTyT
MNCNONb30BaTbCA ANA uAaeHTUMKaALuUM 3TOro BuAa Npu CTaHZAPTM3aUUKN IeKapCTBEHHOMO PaCcTUTENBHOIO Cbipbs U B TaKCOHOMUYECKUX
nccnepoBaHmAX.

KnioueBble cnoBa: Anemone ranunculoides, d)HaBOHOM,E\bI, rMAPOKCUKOPUYHbIE KNCNOTbI

KoH$pnNuKT nHTepecoB. ABTOpbI AeKNaprpyoT OTCYTCTBME ABHBIX U MOTEHLMANbHBIX KOHGIMKTOB MHTEPECOB, CBA3aHHbIX C NMybnukaumeid HacToALleln
cTatbm.

Bknap aBTopos. A. H. Jlypepos, H. B. Bo6koBa, [l. O. bokos, E. B. CepryHoBa, T. 0. KoBanésa, T. [l. PeHgiok, A. B. CtpensieBa, A. M. AHLbILIKWHA,
T.B. MNpoctopywesa, C.I. 3anuukosa, B. M. baeBa, /. b. MNepo.a, K. . Snnep, B.B. beccoHoB ocywecTBnAnNM nnaHMpoBaHWe 3KCNeprMeHTa.
[. 0. bokos, M. H. PoguH, . B. MepoBa npoBoaunmn akcnepumeHTanbHble nccnegoanus. A. H. Jlydepos, H. B. bo6kosa, [. O. bokos, M. H. PoguH,
E.B. CepryHosa, T. |0. Kosanésa, T. [l. Penatok, A. B. Ctpensaesa, A. M. AHublwKnHa, T. B. MpocTopywesa, C. I. 3anunkosa, B. M. baesa, W. b. MNeposa,
K. W. 3nnep, B. B. BeccoHOB y4YacTBOBanu B HanMcaHmnn TEKCTa CTaTby, BKIOYan 3aK/oueHre n 06CyKaeHne pesynbtaToB. Bce aBTopbl npounTany u
COrnacunnch ¢ ony6MKOBaHHOW BEpCHein PyKONUCU.

Ana untnposanua: Jlypepos A.H., bobkosa H.B., bokos [l. O., Pogun M. H., CepryHoBa E. B., KoBanésa T.10., PeHpiok T. [l., CTpenseBa A.B.,
AHubiwKuHa A. M., MpocTtoaywesa T. B., 3anunkosa C.T., baesa B. M., MNeposa V. b, Onnep K. ., beccoHoB B.B. ipeHTuduKauma n KonmyectseHHoe
onpegeneHne ¢pnaBOHOUAOB U FMAPOKCMKOPUYHBIX KUCIOT BETPEHULbl NtoTUYHON (Anemone ranunculoides L.) metogom UHPLC-DAD-HESI/MS.
Paspabomka u pecucmpayus nekapcmeaeHHoix cpedcms. 2024;13(2):106-117. https://doi.org/10.33380/2305-2066-2024-13-2-1505

INTRODUCTION ceae Juss. [1-3]. Windflowers (anemones) are distributed
mainly in the extratropical regions of Eurasia and North
and South America [2, 4].
Yellow wood anemone (Anemone ranunculoides L.),
also known as yellow anemone or buttercup anemone,
"The Plant List. Available at: http://www.theplantlistorg/  is @ herbaceous perennial 5-20 (25) cm high. Anemone
Accessed: 28.09.2023. ranunculoides belongs to the subgenus Anemonoides

The genus Anemone L. includes more than 150 spe-
cies', which are a fairly large taxonomic group within
the subfamily, Ranunculoideae Arn. family Ranuncula-
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(Mill.) Luferov, section Sylvia Spach, and subsection Ra-
nunculoides (Starodubtsev) Luferov. Characteristic fea-
tures of the subgenus Anemonoides are petiolate stem
leaves, sessile or almost sessile nuts with short pubes-
cence, as well as arcuate or hook-shaped stylodia. For
section Sylvia, diagnostic features are long (rarely short)
horizontal rhizomes; nuts with coarse hairs. The subsec-
tion Ranunculoides includes species with jointed rhi-
zomes, consisting of thick and thin sections of diffe-
rent lengths. Tepals of a simple perianth, 5-7 (rarely up
to 12), appressed-hairy on the underside [1-6]. Blossoms
in April - May, bears fruit in the second half of May - Ju-
ne; it is spring ephemeroid.

The main habitats of plants of this species are
broad-leaved (Querqus, Acer, Fraxinus, Fagus, Tilia spe-
cies) and small-leaved (Betula, Populus, Alnus incana
species) forests, as well as in mixed forests with Picea
species, less often other conifers, among thickets of
species Corylus, Sambucus, Euonymus, Viburnum, and
other shrubs, on edges, glades, in parks and gardens.
The plant is a European-West Siberian-Caucasian fo-
rest species in terms of its geographical distribution [3].
Many anemones contain valuable biologically active
compounds that provide their healing effect in various
diseases. For example, they are used as antibacterial,
antioxidant, anti-inflammatory, antitoxic, diuretic, anti-
tumor, antirheumatic, immunomodulatory, sedative
agents [1, 7, 8]. Anemone nemorosa L. is known as a
folk antitumor agent [9]. In traditional medicine,
A. ranunculoides drugs are used for stomach pain,
whooping cough, gout, paralysis, and also as a drug
of enhancing the activity of the kidneys and lungs. An
alcoholic tincture of A. ranunculoides is used external-
ly for edema, rheumatism and radiculitis [10]. Butter-
cup anemone is used to produce homeopathic medi-
cines [11]. Insufficient chemical and pharmacological
knowledge of Anemone species limits the possibilities
of their use in practical pharmacy. The use of anemo-
nes poses a certain danger due to the content of toxic
anemonol, which, when dried, turns into an equally to-
Xic anemonin.

The chemical composition of biologically active
substances of the plant is not well studied. Butter-
cup anemone is one of the most common forest
ephemeroids. Contains the toxic substance protoa-
nemonin, saponins, tannins, resins, ascorbic acid.
Fresh leaves contain the substance ranunculin, which,
when dried, breaks down into protoanemonin and
glucose. Protoamonin is a mitotic poison, an oily
liquid with a pungent odor and taste; by the chemical
structure, it belongs to lactones. It polymerizes to
form anemonin - a crystalline substance, sparingly
soluble in water and well - in organic solvents. All
these active ingredients form the basis of the chemical
composition of buttercup anemone [12]. Oils lipids
with specific fatty acid composition are accumulated
in seeds [13]. A. ranunculoides aerial part contain sapo-
nins (ranunculin). Anemonin and ranunculin, the po-

tent anti-inflammatory and anticancer compounds, are
abundant in tribes Ranunculeae and Anemoneae [1].

Another important group of biologically active com-
pounds (BAS) in A. ranunculoides is triterpene glyco-
sides. Six glycosides, anemonosides A, B, C, D, E, and F
in the order of increasing polarity gave an aglycone
which was identified as an oleanolic acid (by chroma-
tography, IR spectroscopy, and a mixed melting point).
Data on the composition of A. ranunculoides flavonoids
and hydroxycinnamic acids (HCAs), as well as for other
species of Anemone genus, are not available in the lite-
rature. Because these groups of compounds are quite
specific for anemone, their detailed study seems to be
relevant (figure 1).
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Figure 1. A. ranunculoides at blooming stage

MATERIALS AND METHODS
Standards and reagents

For high-performance liquid chromatography with
diode array and electrospray ionization-mass spectro-
metric detection (HPLC-DAD-ESI-MS) analysis Thermo
Fisher Scientific Ultimate 3000 liquid chromatograph
(Thermo Fisher Scientific Inc., USA) interfaced with a
TSQ Endura triple quadrupole mass spectrometer (Ther-
mo Fisher Scientific Inc.,, USA) was used. UHPLC sys-
tem was equipped with a degasser, triple pump, and
column compartments with autosampler and a PDA
detector controlled by Chromeleon 7.2 Software.
Samples were separated on a Waters NovaPak® C18
(150 X 4.6 mm, 4 um; Waters Corporation, USA) main-
tained at 25 °C. The following gradient elution prog-
ram was applied at a flow rate of 0.5 mL/min, where
eluent A was 0.1 % (v/v) formic acid in water and eluent
B was 0.1 % (v/v) formic acid in acetonitrile: 0-10 min
15-30 % (v/v) B, 10-20 min 30-45 % (v/v) B, 20-30 min
45-60 % (v/v) B, 30-35 min 60-70 % (v/v) B, 35-38 min
70 % (v/v) B, 38-40 min 70-15 % (v/v) B, 40-50 min 15 %
(v/v) B. Injection volume was 10 mL.

Analytical wavelengths were 290, 338, 350, 370 nm;
UV spectra were recorded between 190 and 700 nm.
lonization was carried out by a heated electrospray in
positive (HESI/MS*) and negative ion mode (HESI/MS-)
in the m/z range from 150 to 1000 Da. Scanning speed



was 1000 Da/sec; quadrupole resolution Q1: 0.7. Pa-
rameters of the ionization source were: capillary volta-
ge - 3500 V (positive mode) and 2500 V (negative mo-
de); Sheath gas (nitrogen) flow: 5.6 I/min; auxiliary gas
flow: 10.1 I/min; sweep gas flow: 2.7 I/min; ion trans-
fer tube temperature: 350 °C; evaporator temperature:
400 °C. As standard samples, commercially available in-
dividual substances were used: rutin (=94 %, Sigma),
kaempferol-3-O-glucoside (=95 %, PhytoLab GmbH &
Co. KG, Germany), apigenin-7-O-glucoside (=97.0 %, Sig-
ma-Aldrich, USA), isoliquiritin (=95 %, Shanghai Tauto
Biotech Co., China), caftaric acid (=98 %, Fluka), chloro-
genic acid (=95 %, Sigma-Aldrich, USA), caffeic acid
(=98.0 %, Sigma), trans-ferulic acid (99 %, Aldrich), chico-
ric acid (=95 %, Sigma), p-coumaric acid (=98.0 %, Sigma).

Identification of flavonoids and HCAs derivatives
based on comparison of retention times, UV- and
mass-spectra with those of above-mentioned standards
and literature data. Quantification of individual com-
pounds was carried out by external standard calibra-
tion method using DAD signals: 370 nm (chalcone
glycosides), 350 nm (flavonolglycosides), 338 nm (api-
genin derivatives), 330 nm (caffeic, ferulic acids and
their derivatives), 310 nm (p-coumaric acid and it's de-
rivatives). Rutin, kaempferol-3-O-glucoside, apigenin-
7-O-glucoside, isoliquiritin calibration curves were
created at concentration range 0.001-0.100 mg/mL
(R?>0.999), and HCAs standards - at concentration
range 0.0005-0.150 mg/mL (R?> 0.999). These calibra-
tion curves were used for quantitative estimation of
similar compounds from appropriate groups mentioned
above. Screening assessment makes it possible to
make a preliminary quantification without assessing
the detector response of each compound.

Plant material and sample preparation

Aerial parts (stems with leaves, flowers) and under-
ground parts (rhizomes with roots) were collected in
Moscow, Russia (55° 41' 23.83" N, 37° 48' 1.95" E) dur-
ing the blooming stage in April 2018. The raw materials
were dried for one week at 25 °C. Plant samples were
authenticated in the Pharmaceutical Natural Sciences
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Department (Sechenov University, Russia); voucher spe-
cimens were deposited.

0.5-1.0 g of the sample (accurately weighed) was
transferred to a 50 ml round bottom flask, 25 ml of 60 %
aqueous methanol was added, placed in a boiling water
bath under reflux for 1 h. Then the sample was transferred
into a 25 ml volumetric flask, brought 60 % aqueous
methanol to the mark, centrifuged at 15000 rpm for
5 minutes.

RESULTS AND DISCUSSION
Flavonoids

Data of chromatographic detection of the main
flavonoid compounds of aboveground and underground
parts of A. ranunculoides are given in table 1 and in
figures 2-6. Three flavonoid glycosides found in extracts
from roots with rhizomes were identified as chalcone
derivatives based on specific band | UV absorption at
365-370 nm and minor band Il - at 235-255 nm (small
shoulder in UV spectra) and ions with 425, 439, 601 m/z
in the mass spectra. lons with 425, 439 and 601 m/z are
presumably correspond to hexoside, glucuronide and
hexoside-glucuronide of chalcone aglicon with 263 m/z
respectively. These compounds are found exclusively in
the underground part. A richer flavonoid composition
is characteristic of the A. ranunculoides herb (stems
and leaves). The ions with 303, 287, 271 m/z along
with characteristic UV spectra data found in extracts
indicated that the discovered compounds belonged to
derivatives of quercetin, kaempferol, and apigenin. In
the herb, 9 quercetin glycosides (No. 1-5, 7, 10, 21, 22),
2 kaempferol glycosides (No. 9, 24) and one apigenin
(No. 28) were found. Flowers contain 14 quercetin
glycosides (No. 1-8, 10, 15, 16, 17, 21, 22), 10 kaempferol
glycosides (11, 12, 13, 19, 23, 24, 25, 27, 29, 30), two
apigenin glycosides (20, 28) were found to be present.
Moreover, compound No. 9 (kaempferol glycoside) is
present only in the herb; while 15 compounds are present
in flowers that are not found in other parts of the plant
(No.6,8,11,12,13,15,16,17, 19, 20, 23, 25, 27, 29, 30).

Table 1. Flavonoids composition and content in the rhizomes with roots (1), leaves (2) and flowers (3) of A. ranunculoides

i m/. Content, mg/
Ne Flavonoid Rt,min | A, nm z 9'9
(£0.1) (£2) HESI/MS* HESI/MS- 1 2 3
787 [M + H]*,
Quercetin + rhamnose + he- 255,270, |[641[M -rha+H]*, -
! xose + glucuronic acid isomer 125 350 479 [M -rha - hex + HI*, 785[M-H 0316 | 0047
303 [M - rha — hex - gluA + H]*
787 [M + H]*,
Quercetin + rhamnose + he- 255,270, |641[M -rha+ HJ]*, 785 [M - HI,
2 xose + glucuronic acid isomer 127 350 479 [M - rha - hex + HI*, 639 [M - rha - HI- - 0.570 | 0055
303 [M - rha — hex - gluA + H]*
787 [M + H]*,
Quercetin + rhamnose + he- 255,270, |641[M-rha+HI*, 785 [M - HJ,
3 xose + glucuronic acid 128 355 479 [M -rha - hex + HI*, 639 [M -rha - H]- 2634 | 0426
303 [M -rha - hex - gluA + H]*
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Continuation of table 1
. Rt,min | A__,nm m/z Content, mg/g
Ne Flavonoid max
(£0.1) (£2) HESI/MS* HESI/MS- 1 2 3
773 [M + HJ*,
. 627 [M —rha + HJ*, 771 [M - HT,
4 S;;fet'” *trhamnose +2he-| 5, | 25 2'52070’ 611 [M - hex + HI*, 625 M - rha - HI, - | 3736 | 0958
465 [M -rha - hex + H]*, 609 [M - hex — H]-
303 [M -rha - 2hex + H]*
Quercetin + pentose + glucu- ;71? m f Hc-]:-r’nt +HJ* 771 M- HI',
5 “reetin + p 9 133 350 P ’ 639 [M - pent - HI, - | 0077 | 0136
ronic acid + hexose 465 [M - pent - gluA + H]*, 463 [M — rha - gluA — HI
303 [M - pent — gluA — hex + HI* 9
. 627 [M + HI*, 625 [M - HI,
6 | Quercetin + 2 hexoses 134 350 465 [M - 2hex + HJ* 463 [M  2hex - HI- - - 0.113
743 [M + HJ*,
Quercetin  + rhamnose + 255,270, |597 [M -rha + H]*, 741 [M - HJ,
7 hexose + pentose 138 355 435 [M -rha - hex + HI*, 595 [M -rha - HI- - 7:340 1442
303 [M -rha - hex - pent + H]*
743 [M + HJ*,
8 Quercetin + rhamnose + he- 140 255,270, |[597 [M -rha + HJ*, 741 [M - HJ, _ _ 0300
X0se + pentose isomer : 355 435 [M -rha - hex + HI*, 595 [M -rha -H]- i
303 [M - rha - hex - pent + H]*
757 [M + HJ*,
Kaempferol + rhamnose + 611 [M -rha + HJ*, 755 [M - HJ,
% | 2 hexoses 140 265,345 | 149 [M - rha — hex + HI*, 609 [M - rha - HI- N 0.277 N
287 [M - rha - 2hex + H]*
. 597 [M + HJ*, ~
10 tQOL;:I’CEtIn + hexose + pen- 142 253,52070, 435 [M —hex + H]+, igg {m : Ei)’( ~ H]_ _ 0.495 0.260
303 [M - hex - pent + H]*
N 755 [M - HI",
1 Eahee';‘gsfzri‘sgnjerrham”°se Tl 147 | 265,350 ij m f:]]a’Jr " 593 [M - hex - HI, - - | o277
447 [M - hex - rha - H]-
611 [M +HJ, _
12 | Kaempferol + 2 hexoses 14.8 265,340 | 449 [M - hex + HJ*, 223 m : Ei)’( CHF - - 0.635
287 [M - 2hex + H]*
773 [M + HJ*, ~
13 | Kaempferol + 3 hexoses 155 345 611 [M— hex + HI* 771 [M-H] - - 0.263
14 | Chalcone glycoside 16.1 282'7%1 0 601 [M + H]* 599 [M - HI- 0.055 - -
757 [M + HJ*,
Quercetin + 2 rhamnose + he- 611 [M -rha + HJ*, 755 [M - HJ,
15 xose 164 350 449 [M - rha - hex + HI*, 609 [M - rha - H]- - - 0.734
303 [M - 2rha - hex + H]*
. 611 [M + HJ, 609 [M - HI,
16 S(‘)‘::et'” + hexose + tham-| . 253'52570' 449 [M - hex + H*, 463 M - rtha - HI, - - | 3314
303 [M - hex - rha + H]* 447 [M — hex — H]-
. 611 [M + H]*, -
17 Scl:seercetm + hexose + rham- 16.9 255;,52570, 449 M - hex + HI*, ig? m : Eix . _ _ 1.487
303 [M - hex - rha + H]*
18 | Chalcone glycoside 17.7 215,370 |425[M+H]* 423 [M-HI- 0.440 - -
595 [M + HJ*, _
19 EZi?pfemI thexosedtham-| 175 | 265,345 |433 M- hex+HI", e m o " - - | 028
287 [M - hex - rha + H]*
o 595 M+ Hr', 593 [M - HI,
20 | Apigenin + 2 hexoses 18.4 265,335 | 433 [M-hex+HJ*, 431 [M - hex - HI- - - 0414
271 [M = 2hex + H]*
. 597 [M + HJ*, -
21 | Quercetin + pentose + he-l gy | 2 2270 | 465 M- pent + H", o m e " - | 0352 | 2613
303 [M - pent — hex + HJ* P
. . . 611 [M + H]*, -
22 zléte';‘ (quercetin-3-0-nutino-| 9 | 25 2'52570' 465 [M - rha + HI", igg m i} :L_ " - | 0506 | 0440
303 [M - rut + H]*
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End of table 1

. Rt,min | A__,nm m/z Content, mg/g
Ne Flavonoid max
(£0.1) (£2) HESI/MS* HESI/MS- 1 2 3
Kaempferol + 2 hexoses + . 755 [M - HJ,
23 rhamnose 21.2 265, 350 757 [M + H] 593 [M — hex — HI- 0.180
. 463 [M + HI*, 461 [M - HJ,
24 | Kaempferol-glucuronide 21.5 265,350 287 [M - gluA + HI* 285 [M - gluA - HI - 1.765 0.150
25 Egsénpfem' *rhamnose+he-| o, | 65350 | 595 M+ HIf 593 [M - HI - - | o086
26 | Chalcone glycoside* 223 220,365 |[439[M+HI* 437 [M - HI 0.517 - -
Astragalin (Kaempferol 3-O- 449 [M + HI*, 447 [M = HT,
2 glucoside) 232 265,350 287 [M - glu + H]* 285 [M - glu - HI- 0.357
. . . 447 [M + HJ*, 445 [M - HT,
28 | Apigenin-7-glucuronide 24.2 265,335 271 [M - gluA + HIF 260 [M - gluA - HI - 0.703 | 0.191
Kaempferol-p-coumaroylhe- 595 [M + HI*, 593 [M -HI,
29 xoside 293 265,315 287 [M - p-coumhex + HJ 285 [M-p-coumhex-HI" |~ - 1.338
Kaempferol-p-coumaroylhe- 595 [M + H]*, 593 [M - HJ,
30 xoside isomer 302 265,315 287 [M - p-coumhex + HI 285 [M - p-coumhex - HI- 0.343
Total flavonoid content 1.012 | 18.771 | 16.836

Note. * Identification and quantification of the compound with a retention time of 22.3 min is not entirely clear; another interpretation is

possible (chalcone and HCA).
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Figure 2. Chromatogram of A. ranunculoides rhizomes with roots extract at A = 370 nm (chalcone glycosides)

Hydroxycinnamic acids (HCA)

The data of chromatographic detection of the main
HCA of the aerial and underground parts of A. ranuncu-
loides are shown in table 2 and in figures 7-8. The herb
is the richest in HCAs, their content in the grass is the
highest compared to other parts of the plant. 11 com-
pounds were reliably identified (No. 10, 11, 12, 13, 15,
18, 19, 24, 25, 28, 29, 15 HCA were not identified), major

ones are chlorogenic and caffeoyltartaric acids. The
flowers contain almost three times less HCAs, 5 com-
pounds were identified (No. 10, 12, 16, 19, 24, 29 HCAs
were not identified), chlorogenic acid is a major one. In
roots, slightly more compounds were identified than in
flowers — 8 compounds (No. 6, 10, 12, 16, 17, 20, 26, 27;
23 HCAs were not identified), their content is almost
on the same level as in flowers; feruloyl tartaric acid is
predominant.
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Table 2. HCA derivatives composition and content in the rhizomes with roots (1), leaves (2) and flowers (3) of A. ranunculoides

Ne Hydroxyc.inna'xmic acid Rt, min A, nm HESI-MS- Content, mg/g
derivative (£0.1) (£2) 1 2 3
1 NI* 11.0 300sh, 330 - 0.02 - -
2 NI 1.1 290sh, 325 - - 0.09 0.09
3 NI 11.9 300sh, 330 - 0.02 - -
4 NI 12.8 305sh, 330 311 0.02 - -
5 NI 13.1 305sh, 330 - 0.04 - -
311 [M-HJ,
6 trans-Caftaric acid 13.8 300sh, 330 179 caffeic acid [M - HI, 0.32 - -
149 tartaric acid [M - H]-
NI 143 290sh, 325 - - 0.06 -
NI 14.5 290sh, 325 - - 0.02 -
NI 14.6 290sh, 320 - - 0.05 -
10 Chlorogenic acid 15.0 296sh, 325 ?g? ;h:‘li;i}:];cid M- HI 0.05 8.68 2.62
1 Cryptochlorogenic acid 15.3 296sh, 325 ?gggagf;e?cual::z ?E/:d_ [l"\i/;’_ HT - 0.67 -
. . . 311 [M-HJ,
12 (Csofjl';tl";')'c acid 156 300sh, 330 179 [caffeic]acid (M- HI", 0.14 269 0.25
149 tartaric acid [M - H]
13 p-coumaric acid derivative 16.6 295sh, 315 163 p-coumaric acid [M - H]- - 0.12 -
14 |NI 16.7 300sh, 325 - 0.21 - -
15 Caffeoylquinic acid 171 296sh, 320 353 [M-HJ - 0.49 -
16 | Ferulic acid derivative 17.5 300sh, 330 193 0.17 - 0.15
17 | Caffeoylquinic acid 18.0 305sh, 325 ?g? Z\ﬂi;it];c - 0.05 - -
18 | p-coumaroylquinic acid 18.0 295sh, 315 ?3: <[:|,\1A,|i;1i|:];cid M- HI - 0.41 -
19 Caffeic acid 18.3 295sh, 325 179 [M - HI- - 0.25 0.06
20 | Ferulic acid derivative 18.6 300sh, 330 193 0.65 - -
21 NI 18.8 295sh, 320 - - 0.41 -
22 NI 19.0 296sh, 325 - - 0.40 -
23 |NI 19.7 306sh, 325 - 0.05 - -
24 Feruloyltartaric acid 19.7 296sh, 325 ?;g E\é‘ralii-lc];cid M- HI - 0.62 0.25
25 p-coumaric acid derivative 20.3 295sh, 310 162 p-coumaric acid [M - H]~ - 0.05 -
473 [M -H],
311 [M - dehydrocaffeic acid]-,
27 Chicoric acid 22.2 302sh, 330 293 [M - caffeic acid], 0.34 - -
179 caffeic acid [M - HI,
149 tartaric acid [M - H]-
28 | p-coumaric acid 22,5 290sh, 310 163 [M - HJ- - 0.08 -
29 p-coumaric acid derivative 226 292sh, 315 163 p-coumaric acid [M - H]~ - 0.05 -
30 (NI 23.2 308sh, 330 - - - 0.17
31 NI 234 300sh, 320 - - 0.05 -
32 NI 236 296sh, 325 - - 0.32 0.29
33 NI 243 307sh, 325 - - - 0.17
34 NI 26.0 300sh, 325 - - 0.06 -
35 NI 264 306sh, 335 - 0.14 - -
36 |NI 26.5 300sh, 325 - - 0.06 -
37 NI 28.5 300sh, 325 - - 0.05 -
38 NI 28.9 300sh, 320 - - 0.12 -
Total hydroxycinnamic acid derivative content 3.39 15.80 4.06

Note. * NI - not identified hydroxycinnamic acid derivative.
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Figure 3. Chromatogram of A. ranunculoides leaves extract at A = 350 nm (flavonol glycosides).
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Figure 4. Chromatogram of A. ranunculoides leaves extract at A = 338 nm (apigenin-7-glucuronide).

CONCLUSION

A methanol extracts of the aerial and underground
parts of A. ranunculoides growing in Moscow were
studied by HPLC with UV- and mass selective detection.
Characteristic chromatographic profiles of flavonoids
and HCAs were collected at analytical wavelengths of

215-370 and 310, 330 nm, respectively. In the group
of flavonoids, major components were identified as
quercetin glycosides in herb and flowers, chalcone
glycosides in rhizomes with roots. In the HCA group,
feruloyltartaric acid was presented in rhizomes with roots
in a great amount, chlorogenic acid was predominant in
the aerial part.
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Figure 5. Chromatogram of A. ranunculoides flowers extract at A = 350 nm (flavonol glycosides).

RT: 0.19-34.97 SM: 7B

1501
380003
36000
34000
320007
300004
28000
26000
24000
220003
20000
18000-]
16000
14000
12000
10000
8000
6000
40007
2000

0

UV_VIS_3 mAU

13.06

[12.79)

[11.12[12.52)
[767]1098] "7

LI Sy B B S B B B A S S N

16.57

RT: 18.38
|MA: 26479 |18 87

LIS S S S e

12 14 16

18 20 22 24 26

Time (min)

Figure 6. Chromatogram of A. ranunculoides flowers extract at A = 338 nm (apigenin derivatives)

The identified chromatographic profiles of polyphe-
nolic complex can be used to identify the medici-
nal plant . The total content of flavonoids and HCAs
in the methanol extracts was approximately 60 mg/g
on dry weight basis, which indicates a significant accu-

mulation of phenolics during the flowering period of
A. ranunculoides.
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