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Abstract: The analytical task of determining the phenolic compound content of water-ethanol extracts of
Populus tremula L. (common aspen) leaves is complicated by the heterogeneity of compound groups having
different polarities and appearing in varying concentrations. The purpose of the present work is to study the
conditions of solid-phase extraction and high-performance liquid chromatography used to analyse the con-
tent of different groups of phenolic compounds in water-ethanol extracts of leaves from the P. tremula plant.
In order to facilitate the derivation of phenolic compounds, an exhaustive extraction process was carried out
using ethanol. Solid-phase extraction was carried out using a Diapak C16 cartridge, after which the eluates
were passed through a membrane filter having a pore diameter of 0.45 um. The high-performance liquid
chromatography method was used to determine the content of phenolic acids and flavonoid glycosides, as
well as salicin and individual flavonoid glycoside components: hyperoside, rutin, astragalin and two unidenti-
fied flavonoid glycosides in agueous (analyte 1) and aqueous-alcoholic fractions (analyte 2) in two systems
along the gradient elution. The requirement of analysing the primary aqueous eluate together or in parallel
with the main aqueous-alcoholic fraction in the preparation of P. tremula leaf extracts for high-performance
liquid chromatography using solid-phase extraction cartridges was substantiated. For separating the extract
to determine the hydroxycinnamic and hydroxybenzoic acid content, it is preferable to use system 2; for de-
termining the phenologlycoside (salicin) content, system 1 is more effective. Flavonoid glycosides (hyper-
oside, rutin, astragalin and two unidentified flavonoids) make the most significant contribution to the differ-
ence between the aqueous and aqueous-alcoholic fractions.
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OnpepeneHne peHONbHbLIX COeAUHEHUN B BOAHO-3TAHONbHbLIX
3KcTpaKkTax nuctbeB Populus tremula L. c nomouwbio
BbICOKO3(hphpeKTUBHOM XXUAKOCTHON XpomaTorpaduum

0.B. Kouynuun*, KO.B. 3arypckas**, B.U. Ydumuyes**

*LleHTpanbHbIN cMbupckuin 6oTaHnyeckun cag CO PAH,
r. Hoeocubupck, Poccuiickas ®epepauus
**®enepanbHblil ccriegoBaTeNbCKU LeHTp yrnsa u yrnexumnn CO PAH (MHCTUTYT akonorum Yyenoseka),
r. KemepoBo, Poccuiickasa depepaums

Pe3srome: BodHo-smaHonbHbIU 3kcmpakm nucmees Populus tremula L. (ocuHa obbikHO8eHHas1) ekitodyaem
pasnuyHble epynrbi PeHOsbHbIX coeduHeHUl ¢ pasHOoU MofsPHOCMbIO U pasfiuyHoU KOHUeHmpayuel ge-
wecms, 4mo OCIIOXHAem aHanumuydeckyto 3adady npu ornpedeneHuu ux codepxaHus. Llenbs pabombi —
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usyqums ycriogusi meepdoghasHol 3KCmMpakyuu U 8bICOKOIGhheKMUBHOU XUOAKOCMHOU Xpomamoepachuu
npu uccrnedogaHuu codepxaHusi pasHbIX epyrn PeHOsbHbIX COeOUHEHUU 8 80OHO-3MaHOMbHbIX 3KCMpPaK-
max nucmees P.tremula. [ns useneyeHuss heHOMbHbIX COeOUHEHUU rnposodusnu UCHeprbi8aroUy 3KC-
mpakyuro amaHoriomM. TeepOohasHyro IKCMpaKyu ocywecmensanu ¢ nomMowbto nampoHa [uanak C16,
riocrne 4e2o anoamabl Nponyckanu Yyeped membpaHHbil unbmp ¢ duamempom rfop 0,45 mkm. Memodom
8bICOKOIhheKkmuBHoLU XudkocmHol xpomamozpaguu onpedensinu codepxxaHue heHOIo0KUCIom U 2/IuKo-
3udoe ¢hnnagoHoudos, a makxe canuuyuHa U UuHOusudyaribHbIX KOMIOHEHMO8 2/1uko3udo8 ¢hriagoHoOUd08:
eunepo3uda, pymuHa, acmpaeanauHa u 08yx HeuHOeHmMuUUUUPOBaHHbIX 2J1UK03Ud08 hsiagoHOUA08 8 800-
Holi (aHanum 1) u 8odHo-criupmoeol ¢hpakuusix (aHanum 2) 8 08yx cucmemax, pasnudarowuxcs no epadu-
eHmy anwuposaHusi. [JokazaHa Heobxo0uMocmb aHanu3a repeuyHo2o 800HO20 3rrvama CO8MECMHO UruU
rnaparsnnenbHO ¢ OCHOBHOU 800HO-CrUPMo8ol ghpakyueli npu nod2omoske akcmpakmos riucmees P. tremula
0risl 8bICOKO3hheKkmueHoU KudKocmHoU xpomamozpaghuu ¢ MoMowbio Kapmpuodxel meepdoghasHol 3KC-
mpakyuu. [ns pa3deneHus akcmpakma ¢ uenbto onpedeneHusi codepxaHusi KOMIMIOHEHMO8 2UGPOKCUKO-
PUYHBbIX U 2uOPOKCUBEH30UHbIX Kuc/iom rpednoymumerbHee Uucnob3oeame cucmemy 2, 0ns orpedeneHust
codepxxaHusi ¢heHooanuko3udos (canuyuHa) — cucmemy 1. [nuko3ulbi ¢hriagoHoudo8 (2unepo3ud, pymuH,
acmpaearsnuH u dea HeudeHmMuguyuposaHHbIX ¢hriagoHouda) sHOcsIm Hauboree 8ecoMbili 8knad 8 pasnuyue
08yx ppakyuli — 800HOU U 80OHO-CUPMOBOU.

Knroydeenlie cnoesa: geHosnbHbie coeduHeHus:, Populus tremula, meepdoghasHas skcmpakyusi, 8bICOKO3h-
ekmusHas xudKkocmHas xpomamoepadhusi, npobornodzomoska

BnazodapHocmb: Paboma ebinosiHeHa 8 paMmkax npoekmos LleHmpasnbHoeo cubupckoeo bomaHu4ecKo20
cada CO PAH Ne AAAA-A17-117012610051-5 u ®edeparnbHO20 uccriedo8ameribCKO20 UeHmpa yais u ye-
nexumuu CO PAH Ne AAAA-A17-117041410053-1.

Ungpopmayus o cmamee: [Jama nocmynneHus 13 mapma 2020 2.; dama npuHsmus Kk neyamu 31 asay-
cma 2020 a.; dama oHnatiH-pasmeuweHusi 30 ceHmsbps 2020 e.
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HVUA B BOAHO-3Ta@HOSbHbIX 9KCTpakTax nuctbeB Populus fremula L. ¢ NOMOLLbIO BbICOKOI(MMEKTUBHON XNA-
KOCTHOW xpomaTtorpadumn. Msgecmusi ey3os. [lpuknadHas xumusi u 6uomexHonoaus. 2020. T.10. N 3.

C. 470-478. https://doi.org/10.21285/2227-2925-2020-10-3-470-478

INTRODUCTION

The study of phenolic compounds (PCs) in plant
material is of current interest in order to identify new
economically-significant sources of biologically-
active substances, primarily for medicinal use. PCs
are also widely used as chemotaxonomic markers,
as well as, more recently, within the framework of
ecological research in the selection of bioindication
objects and methods for determining environmental
wellbeing. Moreover, for taxonomic and bioindica-
tion purposes, it is necessary to obtain the most
complete information on the content of individual
phenolic substances, which presupposes exhaustive
extraction and careful sample preparation. However,
the complex matrix composition inherent in crude
plant extracts complicates the analytical problem,
negatively impacting on analysis results [1]. In terms
of significantly simplifying the analysis procedure
and improving its metrological characteristics, the
most efficient and versatile method for isolation, pu-
rification and concentration of phenolic substances
from plant samples having a complex composition is
solid-phase extraction (SPE) [2, 3].

An analysis of publications indexed in the Web
of Science citation database (© Clarivate) for 2013—
2018 showed that, when performing tasks requiring
maximum preservation of the extract for the subse-
guent study of PS, membrane filters are most typi-
cally used during preliminary sample preparation,

often in conjunction with centrifugation. Mention of
the use of solid-phase extraction (SPE), including
the use of cartridges such as Phenomenex Strata-X
and C.;g (Torrance, CA, USA), Agilent SampliQ
(Agilent Technologies, CA, USA) separately or to-
gether with other methods of purification and / or
fractionation, was found in about a third of the re-
viewed publications [4-13]. In the Russian Federa-
tion, domestically-produced Diapak cartridges are
successfully used (CJSC BioKhimMak ST, Moscow)
for SPE purposes. For polyphenolic compounds, a
sorbent with a grafted C18 phase is optimally used
for sample preparation within the framework of
HPLC analysis [1].

According to the literature data, various groups of
phenolic compounds are present in the leaves of
Populus tremula L. (common aspen): flavonoids (hy-
peroside, rutin, quercitrin, isoquercitrin, astragalin),
nine phenolic glycosides, including salicin and tremu-
lacin, as well as chlorogenic acid and esters of p-
coumaric, ferulic and cinnamic acids [14-17]. Phenol
glycosides constitute a significant proportion of PCs
in aspen leaves, significantly exceeding the flavonoid
and phenol carboxylic acid content [15]. The separa-
tion completeness of compounds and quantitative
determination accuracy can be influenced by the
chemical nature of individual components in the intact
sample, as well as their number and content [5, 18].
A matrix with the joint presence of a sufficiently large
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number of substan-ces of different polarities having
different concentrations presents difficulties in per-
forming tasks to determine component content and
composition.

In our study examining the content of different
groups of phenolic compounds in water-ethanol ex-
tracts of leaves of P. tremula, we set the goal of
studying the conditions of SPE and HPLC analysis.

MATERIALS AND METHODS

We examined mature undamaged leaf blades
from aspen trees of between 10 and 15 years old,
collected from the 1st to the 5th August, 2015, on
the territory of the Kedrovsky coal mine in south-
western Siberia. According to the results of differen-
tial spectrophotometry with AICl5, the different total
flavonoid glycoside content in terms of rutin follo-
wing a single cold extraction with 95% ethanol was
as follows: sample 1 (O1) — 0.4£0.1; sample 2 (02)
—0.6+0.1; sample 3 (O3) — 1.0£0.1.

In order to extract phenolic compounds, an
exact weighed portion (0.120-0.200g) of the
crushed air-dry material was first obtained by cold
extraction with 70% ethanol in darkness for 48 h.
Next, an exhaustive extraction was carried out three
times with 50% ethanol while heating in a water
bath: 1) 30 ml of the extractant — for 30 minutes; 2)
20 ml of extractant — for 20 minutes; 3) 10 ml of ex-
tractant — for 10 minutes. The combined extract was
evaporated to dryness and brought to a volume of
3 ml with 50% ethanol.

For SPE, 1 ml of the extract was diluted with
bidistilled water to 5 ml and passed through a Dia-
pak C16 concentrating cartridge (CJSC BioKhim-
Mak ST). The substances were washed off the car-
tridge with a small amount (5 ml) of solvent with an
increasing concentration of ethanol (40, 70 and
96%).

During the preparation of P. tremula samples, it
was observed that the aqueous residue had a yel-
lowish colour when the sample was washed through
a TFE cartridge, indicating a significant content of
coloured compounds, possibly of a phenolic nature.
For this reason, the water residue was not discarded
following sorption on the cartridge, but analysed as
the first fraction (analyte 1 — Al) separately from the
water-alcohol fraction (analyte 2 — A2). Following
SPE, the eluates were passed through a membrane
filter having a pore diameter of 0.45 pm.

The components were analysed on an Agilent
1200 liquid chromatograph fitted with a diode array
detector and a ChemStation system for collecting
and processing chromatographic data. The sub-
stances were separated on a Zorbax SB-C18 co-
lumn having dimensions 4.6x150 mm and a particle
diameter of 5 um using a gradient elution mode.
Two systems were used for the chromatographic
procedure. System 1 (S1, developed for the separa-
tion of phenolic substances, primarily flavonoid gly-
cosides): in the mobile phase, the methanol content

in an aqueous solution of orthophosphoric acid
(0.1%) varied: from 32 to 33% in 27 minutes; then
up to 46% — by 38 minutes; then up to 56% — by
50 minutes; and up to 100% — by 54 minutes. Sys-
tem 2 (S2, developed for the separation of phenolic
substances, primarily phenolic acids): in the mobile
phase, the methanol content in an aqueous solution
of orthophosphoric acid (0.1%) varied: from 19 to
70% — in 30 minutes; then to 100% — by 32 min. The
flow rate of the eluent is 1 ml/min. Column tempera-
ture — 26 °C. Volume of injected sample — 10 pl.
Detection was carried out at analytical wavelengths
A = 255, 270, 290, 340, 350, 360, 370 nm. To pre-
pare the mobile phases, we used methyl alcohol
(extra pure grade), orthophosphoric acid (extra pure
grade) and bidistilled water. Standard solutions were
prepared at a concentration of 10 yg/ml in ethyl al-
cohol. Standard samples of salicin (MP Biomedicals
LLC), rutin, hyperoside and astragalin (FLUKA Ana-
Iytical) were used as taps. Each variant was ana-
lysed in 4 replications.

The content of individual components (Cy, %) in
terms of absolutely dry matter (ADM) was calculated
by the formula:

_ C,,xS5,xV,xV,x100
S, xMx10X100 B)

where Cg —the concentration of a standard solution
of a phenolic compound (PC), ug/ml; S; — the area
of the PC peak in the analysed sample, a.u.; S, —
peak area of the standard PC, a.u.; V; — volume of
the eluate after washing out the PC from the con-
centrating cartridge, ml; V, — total extract volume,
ml; M — sample weight, mg; B — raw material mois-
ture (%).

The salicin content was calculated in terms of
salicin; phenolic acids — in terms of gallic and
chlorogenic acids. The flavonoid glycoside content
was calculated for quercetin using the coefficient
known from the literature for converting the concen-
tration — 2.504 [19, 20].

Statistical data processing — calculation of the
average value of the feature (M), its error (my), vari-
ance (ANOVA, Duncan's test) and the method of
principal components were carried out using the
Statistica 10 application package.

RESULTS AND DISCUSSION

Hyperoside, rutin, astragalin, as well as gallic-,
chlorogenic-, and cinnamic acids, were previously
found in the leaves of P. tremula from ecotopes ha-
ving varying degrees of technogenic load [21].

In this work, the composition and content of
phenolic acids (PA) and flavonoids glycosides (FG)
in both aqueous (Al) and aqueous-alcoholic frac-
tions (A2) were determined in two systems differing
in the elution gradient. Data on the content of differ-
rent groups of PC are presented in Table 1.
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Table 1. Phenolic content and number of components in aqueous and aqueous-alcoholic fractions of Populus tremula
leaf extracts in systems with different elution gradients (% on ADM)
Ta6bnuua 1. CogepxaHve (peHONbHbIX COeANHEHVMA N YNCIO KOMMOHEHTOB B BOAHBLIX W BOOHO-CMMPTOBbLIX (Dpakumsx
9KCTPaKTOB NUCTbEB Populus tremula B cuctemax ¢ pasHbiM rpagmeHTom antomposaHus (% Ha ACB)

System 1 System 2
Sample PC Al A2 Al A2 extract R, %
PA,% 0.74+0.01 0.50+0.01 0.91+£0.01 0.39+£0.01 2.00£0.18 65
1 FG,% 1.27+0.10 1.95+0.17 1.69+0.15 1.73+0.15 4.96+0.40 69
N, pcs 33 44 57 46 56
PA,% 0.79+0.01 0.29+0.01 0.62+0.04 0.8410.06 2.09+0.18 67
2 FG,% 0.8110.01 1.01+0.01 0.81+0.01 0.99+0.01 2.80+0.21 64
N, pcs 45 44 65 34 51
PA,% 1.9410.15 0.49+0.01 2.5840.20 0.57+0.01 3.514£0.25 91
3 FG,% 1.96+0.17 1.37+0.10 2.20+0.17 1.48+0.10 3.50+0.30 105
N, pcs 27 33 43 37 55

Note. N is the number of phenolic components; R is the degree of analyte recovery.

Earlier, possible losses of gallic and caffeic
acids in the process of sample preparation of plant
extracts using SPE were reported [1, 22]. In all in-
vestigated P. tremula samples, the aqueous eluate
(A1) contains a significant amount of PA — in most
cases, exceeding that of the aqueous-alcoholic ana-
lytes (see Table 1). In addition, the presence of sig-
nificant amounts of phenolic — including flavonoid —
components was observed in the aqueous fractions
of all samples (Fig. 1). Thus, in the first two sam-
ples, the FG content in the aqueous analyte is com-
parable to — or only 1.3-1.5times less than — the
FG content in the target aqueous-alcoholic analyte.
In O3, however, the FG content in the aqueous ana-
lyte exceeds that observed in the aqueous-alcoholic
analyte by 1.4-1.5times. The lowest number of
compounds for all studied variants of determination
was noted for O3, in which the highest content of
both PC groups is observed.

It is known that substances having different po-
larities are concentrated and desorbed from the
sorbent of the cartridge to varying degrees of extrac-
tion. The recovery factor was analysed in the sys-

4

tem having the highest total PC content and number
of components, i.e. S2 (see Table 1). In an earlier
work, it was indicated that the degree of extraction
of rutin from an aqueous decoction of St. John's
wort was 49% [1]. In our samples, the degree of
extraction from the combined fractions (aqueous
and aqueous-alcoholic) was for different samples:
for FG — 64-105%; for PA — 65-91%. The different
recovery rates are possibly related to intermolecular
effects in the complex natural matrix of the aspen
leaf extract, as well as to the different number and
content of the determined components in the sam-
ples.

To elucidate the relationship between the PC
composition and content of the aspen leaf extract
with the sample preparation and HPLC analysis
conditions, we determined the content of some indi-
vidual substances (salicin, hyperoside, rutin and
astragalin), as well as two unidentified substances
(FG1 and FG2), classified as glycosides of flavo-
noids, according to spectral data (Anax = 255,
355 nm) (Table 2).

20 s1 60 4 s2
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=18 ]
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Fig. 1. HPLC chromatograms of water-ethanol extracts of Populus tremula leaves: S1 — 360 nm; S2 — 325 nm;
blue line — A1, green line — A2; main components: 1 — salicin; 2 and 3 — flavonoid glycosides FG1 and FG2;
4 — hyperoside; 5 — rutin, 6 — astragalin

Puc. 1. B>KX-xpomaTorpaMmmMbl BOAHO-3TAHOMbHbIX 3KCTPaKToB NncTtbeB Populus tremula: C1 — 360 Hm, C2 — 325 Hwm;
cuHAA NMHKUS — A1, 3eneHas NMHUA — A2; OCHOBHbIE KOMMOHEHTBI: 1 — canuumH, 2 1 3 — rnuko3ungpl nasoHongos O1 n Md2,
4 — runeposuga, 5 — pyTuH, 6 — acTparanvH
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The highest salicin content (best recovery and
separation) was noted in aqueous eluates, especial-
ly during chromatography in S1. Two glycosides
FG1 and FG2, which were close in retention times,
were not separated in the aqueous-alcoholic eluate
of either system. For O3, a different ratio of the main
flavonoid components — rutin (prevailing) and hy-
peroside — was established than in other studied
samples, in which the content of hyperoside ex-
ceeded the amount of rutin by 2 or more times
(see Table 1).

To identify the most significant influencing fac-
tors from the existing number of explanatory vari-
ables (the content of analysed individual substances
and their sums), the principal component analysis
(PCA) method was applied.

We took 9 signs: content salicin, hyperoside, ru-
tin, astragalin, flavonoid glycosides FG1 and FG2,
the sum of five glycosides, the sum of FG and the
sum of FC. The data visualisation is graphically pre-
sented in the scatterplot (Fig. 2).

For the PC of aspen leaves, sufficiently clear
scattering regions can be observed on a three-
dimensional diagram constructed using the first
three factors (F1-F2-F3). The compact area of dis-
persion of indicators of the PC content in the 02
aspen leaves is separated from others by the first
factor. The most significant correlation coefficients
noted for the first factor are the sum of FG, the sum
of five glycosides and the sum of PC, as well as
the salicin and rutin content. Different samples have

Table 2. Content of individual components of phenolic compounds in aqueous and aqueous-alcoholic fractions

of Populus tremula leaf extracts in systems with different elution gradients (% on ADM)

Tabnuua 2. CogepxaHue wnHAMBUAYanbHbIX KOMMOHEHTOB (DEHONbHLIX COEAMHEHWIA B BOAHbLIX M BOLHO-CMMPTOBBIX
bpakumax aKCTpaKToB NNCTbeB Populus tremula B cuctemax ¢ pa3HbiM rpagueHTom anonposaHus (% Ha ACB)

Sample / Total
analyte / Salicin FG1 FG2 Hyperoside Rutin Astragalin amount
system of FG
O1/A1/C1 | 0.78+0.06 *° | 0.075+0.006 ° | 0.075+0.006 ' | 0.925+0.0302 n/d 0.18+0.01°¢ |[1.25+0.10¢
O1/A2/C1 | 0.21+0.02 ¢ n/d 0.575+0.030 2 | 0.825+0.030° | 0.430.03° 0.25+0.02% |1.65%0.15°
O1/A1/C2 | 0.67£0.05° | 0.100£0.009% | 0.075+0.006 " | 0.85+0.06° | 0.17520.015" | 0.15£0.01¢ |1.35+0.10 %
O1/A2/C2 n/d n/d 0.275+0.023 ¢ | 0.325+0.025 ¢ | 0.30+0.02 ¢ 0.23+0.02° [1.13+0.10 2
02/A1/C1 | 0.84+0.07° | 0.050+0.003° | 0.075+0.006 " | 0.275+0.020 | 0.075+0.006 " | 0.100+£0.009 © | 0.58+0.04 f
02/A2/C1 | 0.15+0.01 ¢ n/d 0.175+£0.013° | 0.20£0.01° | 0.175+0.015" | 0.13+0.019 |0.68+0.05°
02/A1/C2 | 0.24+0.02¢ | 0.050+0.003° | 0.075+0.006 " | 0.30+0.02 | 0.075+0.006" | 0.13+0.019 |0.63+0.05°
02/A2/C2 n/d n/d? 0.225+0.017° | 0.37520.030° | 0.050+0.003 9" | 0.075+0.006 " | 0.73+0.06
03/A1/C1 | 1.73£0.15% | 0.055+0.003 0.33+0.02° | 0.303+0.020™ | 0.89+0.062 0.11£0.09 % |1.70%£0.15°
03/A2/C1 | 0.16+0.01 ¢ n/d 0.107+0.009 " | 0.055£0.003 ¢ | 0.72+0.05° | 0.090+0.008 ¢ | 0.95+0.15 ©
O3/A1/C2 | 0.69+0.05 °© 0.07+0.006 ° 0.25+0.02 % | 0.25+0.02 % 0.7740.05 ¢ 0.06£0.004 * | 1.40+0.10¢
03/A2/C2 n/d n/d 0.110+0.009 | 0.045+0.003° | 0.65+0.05° 0.16+0.01 ¢ |0.95+0.09 ®

Note. n/d — not detected; column averages followed by like letters do not differ significantly from each other

according to Duncan's test at P = 0.05.
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Fig. 2. Application of the PCA method in the distribution of water- and aqueous-alcoholic fractions of Populus tremula leaf
extracts: green — O1, orange — 02, violet — O3; circle — S1, square —S2;
thin black border line — A1; bold grey — A2

Puc. 2. NpumeHeHne MeToaa rmaBHbIX KOMMOHEHT NpY pacnpeaeneHny BOAHbIX M BOAHO-CMMPTOBBIX (hpakLnii SKCTPaKTOB
nuctbeB Populus tremula: 3eneHbin — O1, opanxebii — O2, dononetosbin — O3; kpyr — C1, kBagpaT — C2;
NVHKWSA TpaHnLbl TOHKasa YepHasa — A1, xunpHasi cepasi — A2
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their own scattering regions according to F2-F3
(separated by black lines in the figure). In addition,
according to F2-F3, there are two scattering regions,
represented by (1) aqueous and (2) aqueous-
alcoholic fractions, although some points are located
nearby. The second factor correlates most strongly
with the astragalin and FG2 content, while the third
correlates most strongly with the hyperoside, FG1
and rutin content. According to F1-F3, the region
with aqueous-alcoholic eluates is also localised,
except for O1 in the aqueous-alcoholic fraction S1.
Thus, the differences between the aqueous and
aqueous-alcoholic fractions, as well as the diffe-
rences of the samples from each other, is mainly
due to the content of individual flavonoid compo-
nents: hyperoside, astragalin, rutin, FG1 and FG2.
Differences in the PC content of aspen leaves large-
ly depend on the analysed fraction (agueous or
aqueous-alcoholic) (see Fig. 2). The salicin and PC
content correlates with the sample preparation con-
ditions and elution gradient in HPLC analysis. Sali-
cin is best detected in the S1 aqueous eluate (see
Table 2). S2 is preferable for use at a sufficiently

high content of PA in the test material, in particular,
for the analysis of the aqueous fraction of P. tremula
leaf extracts (see Table 1).

CONCLUSIONS

1. In order to study the PC composition and con-
tent by means of HPLC when preparing Populus
tremula extracts using SPE cartridges, it is neces-
sary to analyse the aqueous eluate together or in
parallel with the main aqueous-alcoholic fraction.

2. In order to separate the extract for determi-
ning the hydroxycinnamic and hydroxybenzoic acid
content, it is preferable to use system 2; for deter-
mining the phenologlycoside (salicin) content, sys-
tem 1 is more effective.

3. Preferred conditions for sample preparation
and HPLC analysis for optimal separation of the
component composition of flavonoid glycosides
have not been identified. The content of individual
flavonoids (hyperoside, astragalin, rutin, and two
unidentified flavonoids) makes the most significant
contribution to the differences between aqueous and
agueous-alcoholic fractions.
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