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Abstract

Introduction. A number of studies have shown that various genetic and environmental factors can affect the biosynthesis and accumulation
of secondary metabolites. In particular, it is known that the local geoclimate, seasonal changes, external conditions such as light, temperature,
moisture and soil fertility can affect the chemical composition and, as a result, the therapeutic properties of plants used in the pharmaceutical and
food industries. Empetrum nigrum L. is a rich source of various pharmacologically active secondary metabolites — chalcones, dihydrochalcones,
bibenzyls, 9,10-dihydrophenanthrenes, flavonoids, and proanthocyanidins. In the scientific literature, there is no data on the variation in the
chemical composition of E. nigrum depending on the growing area. The obtained data are necessary for a reasonable choice of the collecting
location for the plant, with the aim of its further chemical and pharmacological research for the development of promising drug candidates.

Aim. To carry out a comparative analysis of secondary metabolites composition in the aerial parts of Empetrum nigrum growing in different regions
of the Russian Federation.

Materials and methods. Samples collected in three different areas were used to compare HPLC profiles: sample 1 was collected next to SPCPU
nursery garden of medicinal plants (Leningrad region, Vsevolozhsky district, Priozerskoe highway, 38 km) in July 2020, sample 2 was collected on
the Kola Peninsula, around the Khibiny mountains in July 2020, sample 3 was collected on the Kamchatka Peninsula, next to Khalaktyrsky beach
(Pacific Ocean coast) in July 2020. Extracts were analyzed by analytical high performance liquid chromatography (HPLC) using a Prominence LC-20
device (Shimadzu, Japan) equipped with a diode array detector.

Results and discussion. As a result of the research, for the first time, a significant variation in the qualitative chemical composition in the aerial
parts of Empetrum nigrum growing in different regions of Russian Federation was established. Sample 3, collected on the Kamchatka Peninsula, in
comparison with samples 1 and 2, contain the greatest variety of polar secondary metabolites belonging to the classes of flavonoids, tannins, and
phenol carboxylic acids, while in the shoots collected in the Leningrad region, the major metabolites were weakly polar compounds belonging to
the classes of chalcones, dihydrochalcones, bibenzyls, and 9,10-dihydrophenanthrenes, and in sample 2, collected in the Khibiny mountains, the
lowest qualitative content of secondary metabolites was found. This variation may be caused by various environmental factors (biotic and abiotic).
Conclusion. For the first time, the comparison of HPLC profiles of aerial part samples of E. nigrum, collected in different regions of the Russia
Federation has been carried out. As a result, significant variations in the secondary metabolites composition of the studied samples were
established, depending on the regions and growing conditions of the plants. The data obtained can be used for a reasonable choice of the
collection location for the plant, with the aim of its further chemical and pharmacological research for the development of promising drug
candidates.
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secondary metabolites
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Pesiome

BBepeHwme. B page nccnegoBaHnii NokasaHo, YTo pasinyHble reHeTuyeckne GakTopbl 1 GakTopbl OKpY»Kalowweln cpefibl MOTyT BAVATbL Ha GBUOCMHTE3
N HaKomMieHne BTOPUYHbIX MeTabonnMToB. B YacTHOCTU, N3BECTHO, YTO MECTHbIN reOKIMMAT 1 Ce30HHbIe ero M3MeHeHusA, Npoyne BHelHne
YCNoBMA, Takne KaKk CBeT, TemrnepaTypa, BaXKHOCTb M XUMUYECKNIA COCTaB NMOYBbI OKa3blBalOT BANAHME Ha XMMUYECKMIN COCTaB U, Kak CneficTBue,
Ha TepaneBTNYeCcKMe CBONCTBA SKCTPAKTMBHbIX KOMMIEKCOB PaCTEHUI, NCNOJb3yeMbIX B MEANLIMHCKON NpakTuke. Empetrum nigrum L. (BogaHUKa
4yépHan) ABNAETCA UCTOUYHMKOM Pa3HOOOPasHbIX papMaKkoNormyeckyn akTUBHbIX BTOPUYHbIX MeTaboNMTOB — XankoOHOB, AUMMAPOXaNKOHOB,
6ubeH3nnoB, 9,10-gurugpodpeHaHTPeHoB, G1aBOHOMAOB, a TaKXKe NPOAHTOLMaHNANHOB. B HayYHON NMTepaType OTCYTCTBYIOT laHHbIE O Bapuaumu
XVIMUYECKOro cocTaBa E. nigrum B 3aBUCMMOCTY OT PErMOH Npomn3pacTtaHms. [NonyyeHHble AaHHble ABAATCA HEOOXOANMbIMU AN 060CHOBAHHOTO
Bbl6Opa MecTa 3aroToBKM OOGBEKTa C LeNblo NPOBEAEHWA AanbHEWWUX XMMUKO-(PapMaKoNormyecknx UcCnefjoBaHUn Ana paspaboTku
nepcneKkTUBHbIX NeKapCTBEHHbIX KaHANAATOB.

Llenb. MNpoBecTn cpaBHUTENbHbIN aHanM3 CoCTaBa BTOPMYHbIX MeTabonnToB 06pasLoB Hafg3eMHol YacTu E. nigrum, cobpaHHbIX B Pa3nnyHbIX
pervnoHax Poccuiickon ®epepaunn.

Matepuanbl u metogbl. [InA u3yuyeHWA COCTaBa BTOPUYHbIX METabONUTOB MCMONb3oBanu o6pasubl, COOpaHHble B Tpex pPasnyHbIX
reorpadpuueckmx Toukax: obpasey 1 cobpaH B OKPeCTHOCTAX MUTOMHUKA JleKapCTBEHHbIX pacTteHuin CMNXOY (JleHnHrpagckaa obnactb,
BceBonoxckuin paioH, MNprosepckoe wocce, 38 km) B ntone 2020 roaa, obpasel 2 cobpaH Ha Konbckom NonyocTpoBe, B paliloHe FOPHOIo MaccuBa
XnbuHbl B uione 2020 roga, obpasel 3 cobpaH Ha nonyocTpoBe KamuaTka, B paiioHe XanakTblpckoro nnasika (nobepexbe Tuxoro OkeaHa) B
nione 2020 rofa. YcTaHOBMIEHVe COCTaBa BTOPUYHbIX MeTaboIMTOB MPOBOAUAN METOLOM aHaNUTNUYECKON BblCOKOIGDEKTUBHOWM XKUAKOCTHOW
xpomaTorpadun (BIXX) Ha npubope Prominence LC-20 (Shimadzu, AinoHWs), ocHaleHHOM ANOLHO-MaTPUUHBIM ETEKTOPOM.

PesynbTtaTbl 1 06¢cyxaeHue. B pesynbtate faHHOrO UCCNeAOBaHNA BriepBble ObUIM YCTAaHOB/EHbI 3HAaUMTeNIbHbIE BapuaLMn KauyeCTBEHHOro
XMMMNYECKOro coctaBa obpasLoB Hag3eMHol YacTu E. nigrum, npon3pacTaiowmx B pa3nnyHbix pernoHax Poccuiickon Oegepaummn. Obpasey 3,
cobpaHHbIi Ha nonyocTpoBe KamuaTKka, Mo CpaBHEHMIO C NPOYMU obpasLamy COfePKUT Hanbonbluee pa3HoO6pasne NONAPHLIX BTOPUYHBIX
MeTabonnTOB, OTHOCAWMNXCA K Knaccam $naHOBOMAOB, TaHUHOB U GEHONKAapOOHOBbLIX KUCNIOT, B TO BpeMsA Kak B obpasue 1, cobpaHHOM B
JleHnHrpagckoi 061acTy, MaXOPHbIMI COEAUHEHVAMMN ABNAIOTCA CllabomnonApHble coefuHeHns, a B obpasue 2, cobpaHHOM B rOPHOM Maccuse
XnbuHbI, 06HaPYKEHO HaMMEHbLUEe KauyeCTBEHHOE COAePKaHNe BTOPUYHBIX MeTabonuToB. [laHHas BapnabenbHOCTb XMMNYECKOTro COCTaBa MoryT
6bITb 06YC/IOBNEHbI Pa3/INYHBIM BO34eNCTBMEM HaKTOPOB OKpY»KatoLel cpefbl (6BMOTUYECKNMMN U abrnoTuyeckumu).

3aknioueHue. Bnepsble npoBefeHo cpaBHeHne BIXKX-npodunein obpasuoB HagseMHon yactu E. nigrum, cobpaHHbIX B Pa3fnyHbIX PermoHax
P®. B pe3ynbraTe ycTaHOBNEHa 3HauUMTENIbHaA BapmMaLmua coCTaBa BTOPUYHbIX METabONMTOB B UCCIefyeMbix obpa3sLax B 3aBUCMMOCTM OT MecTa
1 YCNOBUI Npoun3pacTaHus. MonyyeHHble AaHHble MOrYT ObITb MCMOMb30BaHbl A1 060CHOBAHHOIO BbIGOpa MeCTa 3aroToBKM 06beKTa C Lenblo
npoBefeHns AaNbHENLINX XMMUKO-PapMaKoormyecknx nccnefoBaHnin Ansa paspaboTky NepcrekTUBHbIX IEKAaPCTBEHHbIX KaHAVAATOB.

KnioueBble cnoBa: Empetrum nigrum, BogaHuka YepHas, BIXKX-npodainnunr, 9,10-aurngpodeHaHTpeHbl, 6UBeH3MMbl, XaIKOHbI, AUTMAPOXaSIKOHbI,
¢dnaBoHoOWAbI, BTOPUUHbIE METaboNUTbI

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

Bknapg aBTopoB. A. O. loHKpaToBa, A. K. Yannu n E. A. be3BepxHAA BbINONHANN 3KCNEPUMEHTaNbHYIO YacTb U MHTEPNPETMPOBanu pesynbraTbl.
E. B. >KoxoBa npuvH1Mana yyacTrie B 3aroToBke nccinefyembix obpasuos. B. [, JlyxaH1H ocyLlecTBNAN PyKOBOACTBO Hay4HbIM nccnefosBaHmem. Bce
aBTOPbl y4aCTBOBaN B 06CYKAEHNMN PE3yNbTaToB.

®uHaHcnpoBaHume. Pe3ynbTaTbl PpaboTbl NONyYeHbl C Ucnonb3oBaHneM o6opyaoBaHua LIKIM «AHanuTrnyecknin ueHtp Or60Y BO CMX®Y MuH3apasa
Poccum» B pamkax cornawenus N2 075-15-2021-685 ot 26 nionsa 2021 roaa npu ¢prHaHCoBON nogaepx ke MuHobpHaykm Poccum.

Ana unTupoBaHua: MNoHkpaTtoBa A.O., Yianu A.K., Moxosa E.B., BessepxHaa E.A., JlyxaHuH B.T. CpaBHUTeNbHbIN GUTOXUMUYECKNI
aHanm3 obpasyoB HafA3eMHoW 4actu Empetrum nigrum L. cobpaHHbIX B pPasfiMyHbIX pernoHax P®, Kak nepcrneKkTMBHOIO WCTOYHMKA
dapmaKonornyeckn akTMBHbIX BTOPUYHbIX MeTabonuTos. Paspabomka u pecucmpayus nekapcmeeHHbix cpedcma. 2021;10(4-1):138-145. https://doi.
0rg/10.33380/2305-2066-2021-10-4(1)-138-145
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INTRODUCTION

Currently, there is a tendency for the widespread
use of herbal medicines, the advantages of which
are low toxicity and better tolerance in a wide range
of doses [1, 2]. Plants of the genus Empetrum widely
used in the traditional medicine of Siberia, the Far East
and Tibet for the treatment of convulsive conditions
and neurodegenerative diseases are, undoubtedly, of
interest [3].

The presence of various classes of secondary meta-
bolites in E. nigrum determines the uniqueness and
complexity of the pharmacological action. Thus, the an-
ticonvulsant, cerebroprotective, antioxidant and antira-
dical, antifungal, antimicrobial and anti-inflammatory
effects of flavanoid-containing and chalcone-containing
extractive complexes from black crowberry were experi-
mentally established [4-8].

Black crowberry (Empetrum nigrum L.) is an everg-
reen shrub belonging to the Ericaceae family. The ha-
bitat of E. nigrum covers almost the entire northern part
of Russia, Japan, China, as well as, the northern Europe
(Scandinavian countries and Great Britain). Typical habi-
tats of this species include sphagnum bogs, moss-lichen
tundra, and swampy coniferous forests [9]. Previous
studies reported the detection and isolation of various
classes of secondary metabolites from E. nigrum, among
which the most representative classes were chalcones
and dihydrochalcones, bibenzyls, 9,10-dihydrophe-
nanthrenes [10-13], as well as type A proanthocyanidins
[14, 15] and flavonoids [16].

Secondary metabolites of medicinal plants are
the material basis for their pharmacological effects.
However, the processes of synthesis and accumulation of
secondary metabolites are very complex and influenced
by numerous factors. A number of studies have shown
that various genetic and environmental factors can
affect the biosynthesis and accumulation of secondary
metabolites [17-19]. In particular, it is known that the
local geoclimate and its seasonal variations including
external conditions such as light, temperature, humidity
and chemistry of the soil affect the chemical composition
and, as a result, the therapeutic properties of plants used
in medicine [20]. For example, it has been shown that
changes in the amount and seasonality of precipitation
affect the concentration of cyanogenic glycosides [21],
and an increase in CO, concentration often leads to an
increase in the concentration of condensed tannins. There
is no data in the scientific literature on the variability of
the chemical composition of E. nigrum depending on the
growing area. This data is necessary to select reasonably
areas for the collection of E. nigrum plant material in order
to conduct further chemical and pharmacological studies
for the development of promising drug candidates. Thus,

the purpose of this research was the comparative analysis
of secondary metabolite composition in samples of the
terrestrial parts of E. nigrum collected in different regions
of the Russian Federation.

MATERIALS AND METHODS

To study the variation of E. nigrum secondary meta-
bolites, samples collected in three different geographical
locations were used: sample 1 was collected in the vicinity
of the SPCPU medicinal plant nursery (Leningrad region,
Vsevolozhsky district, Priozerskoe highway, 38 km) in July
2020, sample 2 was collected on the Kola Peninsula, in the
region of the Khibiny mountain range in July 2020, sample
3 was collected on the Kamchatka Peninsula, in the area of
Khalaktyrsky beach (Pacific Ocean coast) in July 2020. The
composition of secondary metabolites was determined
with analytical high performance liquid chromatography
(HPLC) on a Prominence LC-20 instrument (Shimadzu,
Japan) equipped with a diode array detector at 235 nm.
A SUPELCOSIL LC-18 chromatographic column (25 cm x
4.6 mm) with a particle size of 5 um was used. Sample
injection volume was 10 pL with an analysis temperature
of 40 °C. Mobile phase: water (component A), acetonitrile
(component B) with a TFA content of 0.1 %, by volume.
The characteristics of the used HPLC analysis method
are shown in Table 1. Method characteristics of HPLC
analysis

Table 1. Method parameters of HPLC analysis

£ s s
_ £ c c
£ = .2 2
E £ £3 [
@ [ -~ L
£ B g< g @
= z 2 s
() o o
T V] IV}
0.01 1.00 95 5
5.00 1.00 95 5
4575 1.00 0 100
50.00 1.00 0 100
60.00 1.00 95 5
65.00 1.00 95 5

RESULTS AND DISCUTION

To obtain HPLC profiles of the collected E. nigrum
samples, all three samples were extracted with ethanol.
Before extraction, the raw material was dried, milled
and sieved through a sieve with a diameter of T mm.
To obtain ethanol extracts, 10 g of each sample was
weighed and extracted with 96 % ethanol (100 ml).
The extraction was performed in sealed glass flasks at



room temperature for 72 hours. After the extraction, the
extracts were filtered through a paper filter, the volume
of the obtained extracts was measured, and, if necessary,
the volume of the extract was adjusted to 100 ml with an
appropriate solvent. Then, 0.5 ml samples of each extract
were taken for HPLC analysis. As a result, the following
chromatograms were obtained (Figures 1, 2 and 3).

The obtained chromatograms were compared with
reference samples (SS) of rutin, quercetin, hyperoside,
cinaroside, kaempferol, luteolin,
synapic, protocatechuic, chlorogenic, coffee, rosemary,
and lilac acids, as well as with chromatograms of
individual compounds isolated from Empetrum nigrum,
the structure of which was established in the previous
studies [10, 11, 14]. Peaks were identified by comparing
chromatographic parameters (retention time and UV
absorption maxima) (Table 2).

Peaks of myricetin and luteolin, as well as of veratric,
sinapic, protocatechuic and rosmarinic acids, were not
found in the test samples.

myricetin, veratric,

mAU
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The data provided in Table 2 shows a significant va-
riability in the chemical composition of samples collec-
ted in different regions of the Russian Federation. The
largest amount of secondary metabolites was found
in sample 3 collected on the Kamchatka Peninsula; ho-
wever, most of them are polar compounds (29) belonging
mainly to the classes of flavonoids (14), tannins (7)
and phenolic acids (5). The presence of 10 less polar
compounds with a retention time from 23 to 40 minutes
was also established, of which 8 compounds belonging
to the classes of chalcones (1), dihydrochalcones (2),
9,10-dihydrophenanthrenes (3) and bibienzyls (2) were
identified (table 2, figure 3).

In sample 2, collected on the Kola Peninsula, 23
compounds were observed, of which 5 were identi-
fied. The bulk of secondary metabolites (13) are polar
compounds belonging mainly to the classes of flavo-
noids (5), tannins (4), and phenolic acids (2). In addition,
5 less polar compounds with a retention time of 23 to
40 minutes were found, as well as the presence of 5 non-
polar compounds with a retention time of more than
40 minutes (Table 2, Figure 2).

Max Intensity : 1 774 330

1750_:335nm 4nm

)MJJ h ﬂ

Time 15739 Inten. 25,080
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1 T
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Figure 1. HPLC-UV data of ethanolic extract obtained from shoots of Empetrum nigrum growing in Leningrad region (Sample 1)
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Figure 2. HPLC-UV data of ethanolic extract obtained from shoots of Empetrum nigrum growing in Kola Peninsula (Sample 2)
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Figure 3. HPLC-UV data of ethanolic extract obtained from shoots of Empetrum nigrum growing in Kamchatka Peninsula (Sample 3)

Table 2. Comparison of secondary metabolites composition of the samples 1,2 and 3

1 Rutin 19.1; 254, 351 + - +
2 Quercetin 23,9; 254,370 + - +
3 Kaempferol 20.0; 265, 346 + - +
4 Cynaroside 19.6; 253, (266), 347 - - +
5 Hyperoside 19.3; 254, 352 + + "
6 Syringic acid 16.0; 273 + - -
7 Chlorogenic acid 15.1; 232, (284) 326 + + +
8 Caffeic acid 15.4; 233, (290), 232 + + +
9 Procyanidin A1 18.3;278 + - -
10 Procyanidin A2 19.4;277 + + +
A vt ol ]
S i S
13 ;Shi f;:’:ﬂ:::z—‘"methoxyphe”yl)' 27.2; 268, (327) + - +
TR kvt .
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End of table 2
Number Name of' rc.eference compound / Cl‘iromat.ographlc para!neters (retentlon Sample 1 Sample 2 Sample 3
Individual compound time, min; UV-absorption maxima, nm)

2,3,4,7-tetramethoxy- .

15 9,10-dihydrophenantherene 34.9;283,(300) +
2,3,4-trimethoxy-5-hydroxy- .

16 9,10-di-hydrophenanthere 33.0;275,(296) + N +
4,7-dihydroxy-2,3-dimethoxy- .

17 9,10-dihydrophenanthrene 26.4;(238), 280 * *
6-hydroxy-2,3,4-trimethoxy- .

18 9,10-dihydrophenenthere 28.3;282 + +
4’-hydroxy- .

19 2'-methoxydihydrochalcone 29.4;268, 303 * - *
2"-hydroxy- .

20 4’-methoxydihydrochalcone 354,274,314 *

21 2" 4'-dimethoxydihydrochalcone 34.2; 267,302 + - -

22 2'4'-dihydroxydihydrochalcone 31.2;276,313 + - +

23 2'-hydroxy-4'-methoxychalcone 36.0; 341 + - -

24 2'4'-dihedroxychalcone 31.2;339 + - +
Identified peaks 24 5 16
Total peaks: 37 23 39

In sample 1, collected in the Leningrad region, 37
compounds were observed, of which 24 were identi-
fied. The predominant group of secondary metabolites
(23) are weakly polar compounds with a retention time
of 23 to 40 minutes belonging to the classes of bibenzyls,
9,10-dihydrophenanthrenes, chalcones, and dihydro-
chalcones, while polar compounds with a retention time
of up to 23 minutes are represented in a smaller degree
(14) and belong to the classes of tannins (6), flavonoids
(5) and phenolic acids (3) (table 2, figure 1).

CONCLUSION

For the first time, the comparison of sample HPLC
profiles from the terrestrial parts of E. nigrum collected in
different regions of the Russian Federation is reported. As
a result, a significant variation in the composition of se-
condary metabolites in the test samples was established,
depending on the region and growing conditions.

This variability can be caused by different environ-
mental factors (biotic and abiotic). Most likely, the ob-
served differences can be associated mainly with the
temperature factor. In a number of studies examining the
effect of temperature on the accumulation of flavonoids,
it has been shown that at higher temperatures (30-35 °C)
the accumulation of flavonoids decreases. The difference
between day and night temperatures is also a factor
affecting the accumulation of flavonoids in plants. One
study has shown that when the difference between day/
night temperatures is greater than 10 degrees or more,
the accumulation of flavonoids decreases [22].

The climate of the eastern part of the Kamchatka
Peninsula combines maritime and monsoon elements,
with an average annual temperature of +2.8 °C, due to
the influence of the Kuril-Kamchatka Current and the
Pacific Ocean, the temperature in winter rarely drops
below -19 °C, at the same time, it rarely rises in summer
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above +15 °C, and the day/night temperature difference
does not reach 10 °C. Most likely, these temperature
conditions determine the greatest variety of polar
secondary metabolites in sample 3 belonging to the
classes of flavonoids, tannins, and phenolic acids in
comparison to other samples.

At the same time, the climate in the Khibiny
mountain range has a harsh subarctic character with
the average annual temperature at about -3 °C, where
July is the hottest month, with an average temperature
of 13 °C. Here the day/night temperature difference can
reach 15 °C. Presumably, because of the low average
annual temperature, a fairly short cold summer, and a
large day/night temperature difference in the qualitative
composition of the aerial parts of E. nigrum is the poorest
compared to the rest of the samples, but also, like sample
3, it is predominantly composed by polar metabolites like
flavonoids, tannins and phenolic acids.

The Leningrad region has a temperate climate, with
an average annual temperature of +5.8 °C, the hottest
month is July, with an average daily temperature of
+19.5 °C, the coldest month February with an average
temperature of -5.8 °C. The day/night temperature
difference in the Leningrad region can reach 15 °C
in different months which can probably explain the
lower qualitative content of flavonoids, tannins and
phenolic acids, compared to sample 3. However, sample
1 is rich in weakly polar compounds belonging to the
classes of chalcones , dihydrochalcones, bibenzyls, and
9,10-dihydrophenanthrenes, which are mostly absent in
samples 2 and 3.

The obtained results can be used to select reasonably
sites for E. nigrum raw material collection that can be used
for further chemical and pharmacological studies aimed
at the development of promising drug candidates.

The study results were obtained using the equipment
from the Center of Collective Use "Analytical Center of the
Federal State Budgetary Educational Institution of Higher
Education SPCPU of the Russian Ministry of Health" as
part of agreement No. 075-15-2021-685 dated July 26,
2021 with the financial support of the Russian Ministry of
Education and Science.
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