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VARIABILITY OF SECONDARY METABOLITES IN THE BARK
OF RHAMNUS CATHARTICA L. FROM NATIVE AND INTRODUCED POPULATION

Abstract. The European buckthorn (Rhamnus cathartica L.) — a shrub native to most parts of Europe and Western Asia —
has been successfully naturalized in the Midwest and Northeast of the USA, dominating various habitats and displacing native
species. It is known that Rhamnus cathartica L. plants contain a wide range of secondary metabolites with pharmacological
effects. Permanent sample plots with R. cathartica — the species native for Belarus (two sites) and invasive in the USA (two sites) —
were selected. This study investigated the level of anthraquinones, catechins, and leucoanthocyanins, and identified anthra-
quinones using HPLC with mass spectrometry and UV detection, showing a significant variation in these indicators depending
on the conditions and the geographical area of growth. Rhamnus cathartica chemorases were identified, which will allow further
isolation of samples with a required set of phenolic compounds and a directed selection for obtaining artificially introduced
populations with an increased content of one or another valuable compound.
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U3MEHYUBOCTb COAEPKAHUS BTOPUYHBIX METABOJIUTOB
B KOPE RHAMNUS CATHARTICA L. B IPUPOJHBIX U UHTPOAYILHHUPOBAHHBIX IO YJISALIUAX

Annortanus. Xoctep cnaburensuslit (Rhamnus cathartica L.) — KycTapHUK, Tpou3pacTaromuil B 6onpmeid yactu EBpo-
bl ¥ 3anagHoil A3uM, yCIEIIHO HaTypanu3oBaics B ycioBusx Cpennero 3amama u Ceepo-Boctoka CIIIA, noMunHupys
B PA3JIMYHBIX MECTOOOMTAHUSX M BBITECHSS NPUPOAHBIC BHbI. MI3BeCTHO, uTO pactenus Rhamnus cathartica L. conepxar
LIUPOKUN CHEKTP BTOPUUYHBIX METabOJINTOB, 00IaAaomuX (papMaKoIOrHUeCKUM AecTBUEM. BbIOpaHbl HOCTOSTHHBIC MPOO-
HBIC IJIOLIAKHU Tpou3pacTtanus R. cathartica — abopurennoro aist benapycu (2 niomanku) u naBazuonsoro B CIIIA Buzna
(2 mnomanku). B nanno# pabote ObLI HccaeI0BaH YPOBEHD COACPKAHUS aHTPAXUHOHOB (THAPOKCHAHTPALICHIPON3BOIHBIX),
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KaTeXMHOB U JICHKOAHTOIIMAHOB, a TAK)KEe IIPOBEAEHA MICHTH(PHUKAIHMS aHTPAXUHOHOB METOJIOM BBICOKOA((PEKTHBHOMN KU/
kocTHOH xpomarorpaduu (BIXKX) ¢ macc-cnekrpomerprueckum U YP-1eTeKTopoM, OKAa3aHO 3HAYHTEIHHOE BapbUPOBa-
HHUE JTUX IO0Ka3aTejell B 3aBUCHMOCTH OT YCJIOBHH W apeana. BwlsaBieHbl XxeMmopackl Rhamnus cathartica, 9T0 TO3BOIHT
B JJaJIbHEHIIIeM 0TOMpaTh 00pa3ibl ¢ TpedyeMbIM HaOOPOM (DEHOJIBHBIX COSTMHEHNH U TPOBOANUTH HAIIPABJICHHYIO CEJIEKIIHIO
Ha IOJIyYeHHE UCKYCCTBEHHBIX MHTPONYKIMOHHBIX IONYJISLUNA C HOBBIILIEHHBIM COACPKAHMEM TOTO MJIM MHOI'O LIEHHOIO
COCJUHCHHUSL.

KuaroueBble ciaoBa: xxoctep criabutenbHblii (Rhamnus cathartica L.), benapycs, pernonsr Cpennero 3amnazna, CLIA,
rinokodpanryinunsl, Metoq BOXX ¢ mace-ciekrpomeTprueckuM n YO-1eTeKTOPOM, KaTeXHHBI, JISHKOAaHTOIIHAHBI

Jast nuTHpoBanus. I3MeHUYNBOCTE COJep)KaHUSI BTOPUYHBIX METaOOJIUTOB B Kope Rhamnus cathartica L. B npupon-
HBIX U HHTpOAYIUpoBaHHEIX nonyisnusx / E. B. Cnupunosuy, [1. C. llaGyns, E. JI. Arabanaesa [u np.] / Joknansr Hamu-
oHaJBHOH akajnemun Hayk bemapycn. —2025. — T. 69, Ne 1. — C. 40—47. https://doi.org/10.29235/1561-8323-2025-69-1-40-47

Introduction. The emergence of invasive species in various biocenoses of the world poses a chal-
lenge for the scientific community to study the mechanisms that ensure the survival, spread and
sustainability of these species in the conditions of new habitats. The understanding of the mechanism
behind the adaptation and interaction with other biocenoses participants will help develop effective
measures to curb the spread of invasive species, while protecting and conserving the biodiversity of
native biocenoses.

Rhamnus cathartica L. (European buckthorn) is a shrub growing in much of Europe and Western
Asia, that has successfully naturalized in the conditions of the Midwest and Northeast of the USA, and
also in the coastal provinces of Canada, having invaded many habitats, including open areas, forests,
anthropogenic territories and wetland edges [1]. The European buckthorn prefers open, moist fertile
areas, rich in calcium but it can also withstand both drought and semi-flooded conditions.

In the previous studies, we compared the following parameters on three sample plots for Rhamnus
cathartica L.: in Belarus and two plots in the US Midwest — a full floristic description of the sample
sites, the field enumeration of buckthorn plants, average height, and the projective cover of associated
species. The obtained data confirmed the hypothesis of the increased competitiveness of invasive species
in the introduced range (EICA). In the American populations, as compared to the Belarusian ones,
Rhamnus cathartica L. plants on average are larger and have higher seed productivity. Higher numbers
of juveniles and a higher overall number of individuals, up to the formation of monodominant thickets,
were also recorded in the US Midwestern population. It has been noted that the introduction of buckthorn
into natural communities in the USA reduces the number of species in the herb layer by eight times [2].
Plants of R. cathartica contain a wide range of organic substances (flavonoids, saponins, alkaloids,
tannins, coumarins, starch, pectin) [1]. Despite their structural diversity, most phenolic compounds
exhibit antioxidant, anti-inflammatory, and antimicrobial activities in vivo [1; 3-5], to which they largely
owe the therapeutic potential in treating a range of diseases [6].

Characteristic of many Rhamnus L. species compounds of the secondary metabolism of the quinone
series, particularly anthracene derivatives in the form of hydroxy derivatives of anthraquinone such as
frangula emodin, aloe emodin, chrysophanol, rhein, physcion, etc. [7], may contribute to the invasiveness
of this species in the ecosystem. These substances can repel herbivorous animals from eating the leaves,
bark, and fruits, protect plants from pathogens and insect pests, produce allelopathic effects on nearby
plants, affect soil microorganisms, and influence the consumption and digestion of fruits by birds [8]. It
is well known that many birds in North America consume the ripe (mature) fruits of R. cathartica [9],
because the concentration of emodin decreases as the fruits mature, as shown for Rhamnus alaternus
[10]. Thus, the high concentration of emodin in immature fruit of Rhamnus species protects it from
predation by birds, while its lower concentration in mature fruit ensures its dispersal by birds across the
landscape. In addition, it should be noted that when plants are introduced into areas different from their
natural ones in terms of weather and climatic conditions, species adaptation may involve not only
phenotypic but also genetic changes [11], which are reflected in the secondary metabolism of plants. The
overall resilience of R. cathartica to various habitats, as well as the accumulation of biologically active
compounds that produce effects on surrounding plants and other participants of biocenoses, contributes
to its widespread distribution [3].

To find a practical solution to the problem of controlling the number of invasive species, it is
necessary to study the physiological and biochemical features of their increased competitiveness, and



42 Doklady of the National Academy of Sciences of Belarus, 2025, vol. 69, no. 1, pp. 40-47

with that research should be conducted both in the primary and secondary ranges, preferably in a com-
parative aspect.

Based on the above, the aim of the study is the comparative analysis of bark extracts from buckthorn
plants (Rhamnus cathartica L.) growing in different geographical and climatic regions, for the content of
anthraquinones, catechins, leucoanthocyanins, with an assessment of anthracene derivatives of phenolic
nature using HPLC-MS with a UV detector.

Materials and methods of research. For the biochemical analysis the samples of bark from the
selected plants of R. cathartica from two permanent sample plots (PSPs) in two locations in Belarus
were used: PSP 1 (Lake Balduk) — the shore of Lake Balduk: plot 100 m? = 50 x 2 m, PSP 2 (Cialiaki—
Skory) — roadside of the R28 Miadziel-Narach resort area 100 m? = 25 x 4 m; and in 2 locations in the
USA: PSP 3 (Minnesota, Carver County, private area near the University of Minnesota Landscape
Arboretum (monodominant thickets), PSP 4 (Michigan, Central USA), described in detail in [1].

The content of anthraquinones, catechins and leucoanthocyanins was determined spectrophoto-
metrically in accordance with standard methods with statistical data processing [11; 12].

For the extraction of phenolic compounds for HPLC, a triple extraction was carried out with a raw
material to extractant (70 % ethyl alcohol) ratio of 1 g : 50 ml.

For the identification and quantitative analysis of secondary metabolites in the bark of Rhamnus
cathartica L., the HPLC method with mass spectrometric and UV detector was used. Separation was
carried out on an Agilent Zorbax XDB C18 column (4.6 x 150 mm; 5.0 pm) at a temperature of +40 °C
on an Agilent 1200 liquid chromatograph. The mobile phase consisted of two solvents: A — 0.15 % acetic
acid (v/v) in deionized water and B — 100 % acetonitrile. A stepwise elution mode from 15 % to 90 % of
phase B over 30 minutes at a flow rate of 0.5 ml/min was used. Detection was carried out at A = 435 nm.
The injection volume was 20 ul. The temperature in the autosampler was +15 °C. The sample from the
chromatograph was fed into the inlet of the Agilent 6410 Triple Quad tandem mass spectrometer (triple
quadrupole). An Agilent G1948B API-ES electrospray was used as the ionization interface in negative
ion mode. For identification, ion scanning mode in the mass range of 100 to 2000 Da was used. Mass
detector operation parameters: temperature and flow rate of the drying gas +350 °C and 7 1/min; sprayer
pressure 30 psi; capillary voltage 4000 volts; fragmentor voltage 135 volts. The analysis of chromatograms
and mass spectra was performed using Agilent MassHunter Workstation Software version B.01.03 and
Agilent ChemStation (Agilent Technologies Inc., USA). Calibrations and quantitative calculations were
made using chromatograms from a UV detector. For calibration, the following standards were used:
frangulin A (>95 % HPLC, Extrasynthese), aloe emodin (>98.5 % HPLC, Extrasynthese) and
chrysophanol (99.63 % HPLC, Chem Scene). Peaks of substances with UV spectra similar to the spectra
of available anthraquinone standards were integrated on chromatograms. Compounds 1, 2, 3—13, 14, 18
were calculated based on the calibration for frangulin A. Compounds 15-17, 19, and 20 were calculated
based on the calibration for aloe emodin. Chrysophanol (compound 21) was calculated based on the
calibration for chrysophanol.

Results and discussion. Currently, many published data support that invasiveness of a particular
species is a result of complex interaction of various biotic and abiotic factors, influencing the accumulation
of spectra of secondary metabolites by plants and the display of antioxidant activity [13]. Moreover,
invasiveness is manifested only in specific ecological conditions. We have compared European buckthorn
plants (Rhamnus cathartica L.) for the content of anthraquinones, catechins and leucoanthocyanins.

It has been shown that buckthorn bark is characterized by the presence of a wide range of anthracene
derivatives — anthraquinones [4]. Many natural anthraquinones exhibit antimicrobial activity, which
depends on their chemical structure. For chrysophanol, emodin, physcion, rhein, and aloe emodin, anti-
microbial activity in vitro against many strains of microorganisms pathogenic to humans has been
described in the majority of studies [6]. For instance, inhibitory properties exhibited by chrysophanol
and other derivatives of 9,10-anthraquinone were shown against Candida albicans, Cryptococcus
neoformans, Trichophyton menagrophytes and Aspergillus fumigatus (MIC 25250 mg/ml).

Bark extracts were analyzed using the HPLC-MS method. For the identification of anthracene
derivatives, chromatograms from a diode array detector (435 nm) were used, as well as chromatograms
of total ion current in negative ionization mode. The choice of the wavelength of 435 nm for chromatogram
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registration was due to the fact that anthracene derivatives have one of the characteristic absorption
maxima in this area. Three standards (chrysophanol, frangulin A, aloe emodin) were used in the work
both for plotting calibration curves for the quantitative analysis, and for the comparison of UV spectra of
putative anthraquinones with the spectra of standards. Fig. 1 presents chromatograms of the standards
and extracts from the plots in Belarus (b) and the USA (c). In the analyzed samples, 21 anthraquinone
compounds were identified. Among them, two — frangulin A and chrysophanol — were identified by
comparing their retention times and mass spectra with corresponding standards. According to the
obtained data, compounds 15-17, 19, and 20 have presumed molecular masses that coincide with those
of known anthraquinone aglycones. For precise identification, standard substances are required.

Based on the analysis, the possible structures of 21 chemical compounds extracted from the bark of
buckthorn were established: 1-14 were identified as compounds of the anthraquinone series; compounds
15, 17 — as anthraquinone aglycones of alaternin or hydroxyemodin; compounds 16, 19 —as anthraquinone
aglycones of pseudopurpurin; compound 20 — as an anthraquinone aldehyde of emodin, lucidin, or
morindone. Compound 18 was identified as Frangulin A, and compound 21 as chrysophanol.
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Fig. 1. UV chromatograms of standards (¢) and samples of Rhamnus cathartica L., PSP 1 (b)
and Rhamnus cathartica L., PSP 4 (c)
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For all extracts, the content of each separate anthraquinone compound was determined; with that
compounds 1, 2, 3—13, 14, 18 were calculated based on frangulin A, which is a glycoside (emodin
rhamnoside), because these substances in the mass spectra were characterized by higher m/z values,
close to possible glycosides, and had shorter retention times compared to frangulin A. For quantitative
analysis of compounds 15—17, 19, and 20, aloe emodin calibration was used, as these substances had m/z
values in the mass spectrum close to the molecular masses of anthraquinone aglycones. Table presents

data on the content of anthracene derivatives in the studied extracts.

Concentration (mg/100 g) of detected compounds in the extracts of Rhamnus cathartica

Sample name
RT, min (1 = 435 nm) PSP 1 PSP 2 PSP 3 PSP 4
Balduk, Belarus Cialiaki—Skory, Belarus Nmip3-1, Minnesota, USA Nmbl-1, Michigan, USA
10.11 — — — —
10.68 - - - -
11.78 17.13 10.11 31.24 5.36
12.19 7.41 3.03 — —
12.79 179.21 164.06 133.88 78.91
12.99 150.42 129.00 17.00 39.65
13.09 53.34 — 10.25 6.95
13.30 46.07 46.68 8.25 9.53
13.33 17.49 — 8.13 7.05
13.58 87.04 47.54 28.85 38.43
14.19 — — — -
18.00 8.33
14.23 12.61 9.89 936 8.43
14.33 17.34 - — 13.70
15.87 10.03 — — —
16. 95 — — 37.75 4.19
17.59 — — 16.26 3.82
19.23 21.49 11.37 34.65 2.49
19.55 47.74 160.83 7.06 3.83
21.48 — 12.79 — -
24.27 50.08 30.67 49.55 8.12
30.33 — 4.75 5.12 —

Analyzing the obtained data, it should be noted that the extracts of Rhamnus cathartica L. bark
differed in the composition and content of anthraquinone compounds both between populations in
Belarus and the USA and between populations from the native and the invasive ranges. For example,
chrysophanol was found only in the samples of Rhamnus cathartica L. bark collected from PSP 2,
Cialiaki—Skory, Belarus (4.75 mg/100 g) and PSP 3, Minnesota, USA (5.12 mg/100 g), whereas frangulin
A was present in the samples from all testing sites. All examined Rhamnus cathartica L. samples in
terms of frangulin A content in the bark can be arranged in descending order: PSP 2, Cialiaki—Skory
(160.83 mg/100 g) > PSP 1, Lake Balduk (47.74 mg/100 g) > PSP 3, Minnesota (7.06 mg/100 g) > PSP 4
Michigan (3.83 mg/100 g). Thus, this indicator was the highest (160.83 mg/100 g) in Rhamnus cathartica L.
samples collected from PSP 2, and the lowest (3.83 mg/100 g) in the samples from PSP 4.

The pharmacological value of plants is determined by the quantity of biologically active substances,
their ratio, and their prevalence in the chemical composition of certain compounds. Among natural
antioxidants, phenolic compounds have the highest activity. These include polyphenols, phenolic
hydroxy acids, various types of flavonoids, vitamins, etc. The quantitative content of phenolic substances
in plant raw materials can be indicative of their antioxidant properties.

Another important property of plant raw materials is its vitamin P activity, determined by the content
of various phenolic compounds. P-active substances are represented by flavonols (rutin, quercetin,
isoquercetin), anthocyanins, leucoanthocyanins, and catechins. In some plants, it is catechins that are
prevalent, in others it is leucoanthocyanins.
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According to the analysis, the content of leucoanthocyanins in buckthorn bark varies from
96.00 + 2.4 mg/100 g (PSP 3, Minnesota) to 304.95 + 2.9 mg/100 g (PSP 2, Cialiaki—Skory). The obtained
data suggest that buckthorn bark accumulates leucoanthocyanins in amounts comparable to the content
of this biologically active compound in the leaves of peppermint, common flax, safflower levzea, large-
flowered foxglove, lovage, elecampane, marshmallow, and asparagus [13].

Leucoanthocyanins, being precursors of catechins, directly affect the concentration of these com-
pounds in plants. Along with catechins, flavan-3,4-diols are also precursors of condensed tannins. It is
worth noting that these condensed forms of compounds are capable of accumulation, and a higher con-
tent of leucoanthocyanins and catechins is indicative of the low activity of tannins formation processes.
The largest amount of catechins was found (in descending order of their quantity): in the samples from
sites PSP 1 < PSP 4 < PSP 2 < PSP 3. The content of catechins in the bark varied from 123.03 &+ 3.7 mg/100 g
(PSP 3, Minnesota) to 326.35 + 4.0 mg/100 g (PSP 1, Balduk). Among the samples collected from the
four studied locations, the maximum content of flavan-3-ols was observed in the samples from Belarus.
The samples from PSP 3 and PSP 4 collected in the USA contained on average 50—-60 % less catechins
than the Belarusian samples with its maximum content.

The antioxidant properties of many plant products are significantly determined by the content of
flavan-3-ols, whose antioxidant activity is 50 times greater than that of vitamin E and 20 times that
of vitamin C. There are data on the effectiveness of using plant extracts containing catechins in the food
industry. Catechins can have an inhibitory effect on hydrolytic and oxidative processes in lipids, reducing
the rate of hydrolysis product formation, and stabilizing protein systems.

The analysis of the fractional composition of phenolic compounds in the studied samples of Rhamnus
cathartica L. bark from PSP 1, PSP 2, PSP 3, PSP 4 showed that this complex is dominated by anthra-
quinone compounds (53 %, on average — 500.6 mg/100 g), followed by catechins (24.9 %, 224.7 mg/100 g —
henceforward average value), with components of the anthocyanin complex — leucoanthocyanins —
present to a slightly lesser extent (22.4 %, 211.9 mg/100 g). Fig. 2 shows the fractional composition of
secondary metabolites of buckthorn bark in the studied samples.

Economically valuable wild plants, such as the European buckthorn (Rhamnus cathartica L.) in
Belarus, usually reduce the content of biologically active substances when cultivated. Research on the
reverse process is quite rare, and there is still little evidence on whether the level of secondary metabolites
increases in plants “escaping” from cultivation and invading natural communities (invasive species), as
was the case with this species in the USA. So far, single phytochemical studies have been carried out on
representatives of the genera Aronia, Echinocystis, Solidago, and it is difficult to include them in a
certain hypothesis. Referring to the “Enemy Release Hypothesis” proposed in several variants [13],
which in general implies that many alien plants, after introduction or naturalization in a new territory,
are freed from the pressure of specialized natural enemies (in particular, phytophagans and pathogens)
that usually control the number of species or their populations within the primary range, this hypothesis
needs further study in the case of a long-term invasion, as with Rhamnus cathartica in the USA. For
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Fig. 2. Fractional composition of the secondary metabolites of buckthorn bark
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example, monitoring of phytophagans and pathogenic organisms of Ribes aureum revealed that during
naturalization, pathogens adapt to alien plants. The duration of this process is determined by environ-
mental conditions, the influence of anthropogenic factors, and the age of plantations. Thus, the hypothesis
about the influence of phytophagans and phytopathogens on the success of the invasion of alien species
in the introduced range can only be considered at the initial stage of naturalization. Later on, phytophagans
and pathogens of closely related species actively become part of the “alien species—pathogen” system [15].

Conclusion. As a result of HPLC analysis of anthraquinones in the bark of Rhamnus cathartica L.,
we identified 2 chrysacim derivatives: frangulin A and chrysophanol. Chrysophanol was found only in
the samples of Rhamnus cathartica L. bark collected from PSP 2, Cialiaki—Skory, Belarus (4.75 mg/100 g)
and PSP 3, Minnesota, USA (5.12 mg/100 g). Frangulin A was found in the samples from all testing
sites. Thus, both in the primary and secondary habitats it is possible to differentiate specialized
chemorases of Rhamnus cathartica based on set of phenolic compounds.

The analysis of the fractional composition of phenolic compounds in the studied samples of Rhamnus
cathartica L. bark from PSP 1, PSP 2, PSP 3, PSP 4 showed that the dominant position in this complex
is occupied by compounds of the anthraquinone series, in the second position are catechins, and in the
third position are the components of the anthocyanin complex, leucoanthocyanins.

Currently, representatives of the genus Rhamnus in Belarus and the USA are not fully studied
as potential medicinal plant raw materials containing hydroxy derivatives of anthraquinone and other
secondary metabolites. Anthraquinone derivatives from Rhamnus bark have a wide range of biological
action, however, in practice, Eurasian buckthorn preparations are used only as a laxative.

A more comprehensive study of the comparative qualitative and quantitative composition, as well as
the biological action of anthraquinone derivatives of Rhamnus cathartica, will allow us to understand
their role as metabolites and to reveal their potential applications. This article is the first attempt
at comparative quantitative analysis of secondary metabolites in species of the genus Rhamnus, growing
in the territory of Belarus, as a native species, and in the USA, as an invasive species.
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ropapHocts /. Munnepy, I1. Mo, A. bpanxareny, A. Pe3unuexy
u /1. Mudenepy 3a MOMOIIb B OpraHU3aIMN YKCIICTUIIHOHHBIX
BEIE3/I0B, 00CIIEI0BAaHNH TUIOMIANOK U cOope 00pa3IoB.
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