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Objectives. Herbal hypoglycemic drugs complement the conventional approach to the treatment
of type-2 diabetes based on the use of synthetic prescription drugs. However, their scientifically
based application and standardization are limited due to inadequate and often outdated
information on their chemical composition. Accordingly, we have developed a hypoglycemic
collection (HGC) consisting of common bean pods (Phaseolus vulgaris L.), bilberry shoots
(Vaccinium myrtillus L.), galega herb (Gallega officinalis L.), common knotgrass herb (Polygonum
aviculare L.), burdock roots (Arctium lappa L.), and cinnamon rose hips (Rosa cinnamomea L.).
According to a number of researchers, the antidiabetic properties of these herbs are largely due
to the presence of polyphenolic compounds, especially flavonoids. The aim of this study was to
determine the profile of flavonoids in the HGC and in its total dry extract (TDE).

Methods. The study was performed by reverse-phase high-performance liquid chromatography
with diode array and mass spectrometric detection.

Results. Nine individual flavonol glycosides—derivatives of myricetin, quercetin, kaempferol
and kaempferide—were identified in the HGC and the TDE. The main flavonol glycosides in the
studied objects were robinin and kaempferol-3-glucuronide, the contents of which in the HGC
were 2.09 and 2.22 mg/g, in the TDE 4.85 and 3.84 mg/g, respectively. The other flavonol
glycosides were determined in the HGC and its TDE at significantly lower concentrations.
Conclusions. The method developed in the study can be used to standardize HGCs and estimate
their pharmacological activities.

Keywords: flavonoids, hypoglycemic collection, total dry extract, high-performance liquid
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IMenu. I'unoenukemuueckue npenapamsl pacmumenbH020 NPOUCXOIKOEHUSL YCneulHO OONOJHSL-
rom cuHmemuuecKue peyenmypHbsle JeKapcmed, UCNOoNb3yruuecs 8 mpaduylloHHOM nooxooe
K sleueHuro caxapHozo ouabema 2 muna. OOHAKO HAYUHO 000CHOBAHHOE NPUMEeHeHUe U CMAH-
dapmuszayust maKux npenapamos 02paHuUUeHbl U3-3a HeadekeamHol u uacmo ycmapesuieti UH-
gopmayuu 06 ux xumuueckom cocmage. Hamu 6oun paspabomar eunoenuxemuueckuti coop (I'TC),
cocmosiuuil u3 cmeopok ¢haconu obvikHogeHHoU (Phaseolus vulgaris L.), nobezog uepHuxu obblKHO-
eeHHol (Vaccinium myrtillus L.), mpasgel eanezu nexkapemeerHoti (Gallega officinalis L.), mpasbst 2opua
nmuusezo (cnopwbliuia) (Polygonum aviculare L.), kopHetli ionyxa 6obuwozo (Arctium lappa L.), nniodos
wunogHuUKa KopuuHozo (Rosa cinnamomea L.). ITo mHeHuto psida uccaedogamenetl, aHmuouabe-
muuecKkue cgolicmea 8blULEeYNOMSIHYMbIX PACMEHUT 80 MHO20M 00YC08/1eHblL Npucymemeauem 8
HUX NONUGDEHONIbHBLX COeOUHEHUT, 0cobeHHO ghiagoHoudo8. Llenb 0aHH020 ucciedo8aHus — onpe-
OdesneHue npoguns ¢paagoHouoos 8 I'T'C u 8 cymmapHom cyxom skempaxkme (CCS) Ha ocHoee I'TC.
Memooet. Hcenedosarue npogodusiu mMemodom obpauieHo-pasoeoll 8blcokoshheKmueHotl Kuo-
KOCmMHOU xpomamoepaguu ¢ OUOOHO-MAMPUUHBIM U MACC-CNEeKMPOMEMPUUECKUM OemeKmupo-
8aHuem.

Pesynomamet. B I'T'C u CCO 6bu10 u0eHmugpuyupos8aHo 0egsimsb UHOUBUOYANbHBIX (PAABOHO-
2/IUKO03UO008 — NPOU3BOOHbBLX MUPUUEMUHA, KeepuemuHa, Kemngepoaa u kemngepuoa. OcHos-
HbIMU (PNIABOHONAUKO3UOAMU 8 Uccaredyemblx obbekmax 6bliu pobuHuUH u Kemngepon-3-2aro-
KYpoHuo, codepxcarHue komopwvix 8 I'T'C cocmaesuno 2.09 u 2.22 me/2, 8 CCO — 4.85 u 3.84 mz/e,
coomeemcmegeHHo. OcmasibHble P1a8OHOAUKO3UObL bbliu ob6Hapysxkerbl 8 I'TC u CCHO e cywie-
cmeeHHO 601ee HUSKUX KOHUEHMPAUUSLX.

Buteooust. Pesynvmamul pabombl mozym OblMb UCNOb308aAHbL npu cmanoapmusauuu I'TC u
OUeHKe €20 (hapMaKoI02UUeCKOll aKMmuUu8HOCmU.

Knroueevte cnoea: nagoHouovl, cOOp 2unoaukemuueckull, CYmMmapHulil cyxoli sxemparxm,
8blCOK03hexmusHask KUOKOCMHASL Xpomamozpagust, OUOOHO-MampuuHoe demeKmuposaHue,

Macc-cneKkmpomempuuecrKoe deme;cmupoear—tue.

Jna yumuposanus: Kyrosas A.M., JlaseiioBa B.H., ITeposa N.b., Dmnep K.M. Onpenencuue npoduiis GpraBOHOUIOB B
THITOTTIMKEMHUYECKOM COOpe METOIOM BBICOKOI(()EKTUBHON KUIKOCTHON Xpomarorpadun. Touxue Xumuyeckue mexHorouu.
2020;15(3):39-46. https://doi.org/10.32362/2410-6593-2020-15-3-39-46

In recent years, diabetes has become a serious
global public health problem, affecting people of all
ages, genders, and ethnicities. A close relationship has
been established between type 2 diabetes and lack of
physical activity, excessive body weight, and poor diet.
To ameliorate the negative effects of diabetes, a number
of synthetic antidiabetic drugs have been developed
that lower blood glucose levels by various mechanisms.
These include, but are not restricted to, sulfonylureas,
biguanidines, and a-glucosidase inhibitors. The use

of herbal pharmaceuticals and nutraceuticals can
complement that of conventional synthetic prescription
drugs in the treatment of this disease. Due to the
lower probability of side effects and lower cost, herbal
medicines are often used in the treatment of patients
with type 2 diabetes [1, 2]. Such herbal collections
are a valuable source of biologically active substances
(BASs). However, their science-based application and
standardization are limited due to inadequate and often
outdated information on their chemical composition.
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Informed by literature data on the antidiabetic
properties of medicinal plants, we have developed
a herb collection with hypoglycemic effects.
The collection includes common bilberry shoots
(Vaccinium myrtillus L.) [3, 4], common bean pods
(Phaseolus vulgaris L.) [4], galega herb (Gallega
officinalis L.) [5, 6], burdock roots (Arctium
lappa L.) [7], common knotgrass herb (Polygonum
aviculare L.) [8], and cinnamon rose hips (Rosa
cinnamomea L.) [9, 10]. According to a number
of researchers, the antidiabetic properties of these
herbs are largely due to the presence of polyphenolic
compounds, especially flavonoids. [11, 12].

The aim of the work was to determine the
flavonoid profile of this herb collection and its
total dry extract (TDE) using reverse-phase high-
performance liquid chromatography (HPLC) fitted
with an online diode array detector (DAD) and mass
spectrometer (MS).

MATERIALS AND METHODS

Objects. The hypoglycemic collection (HGC)
was obtained from plant materials produced by
Fitofarm (Anapa, Krasnodar krai, Russia) [13, 14].
The TDE based on the collection was obtained
according to the following technological scheme:
extraction of the herb collection with purified water;
filtering the extract; concentrating the extract; drying;
and sieving the finished product.

Standards and solvents. Commercially
available standard samples were used: rutin (>94%,
Sigma-Aldrich, USA), hyperoside (=95%, HWI
ANALYTIK GMBH, Germany), isoquercitrin (>94%,
HWI ANALYTIK GMBH, Germany), avicularin
(ChromaDex, USA), kaempferol-3-glucoside (>95%,
PhytoLab, Germany), myricetin (appr. 85%, Sigma-
Aldrich, USA), quercetin (>98%, Sigma-Aldrich,
USA), and kaempferol (=99%, Extrasynthese,
France). The following solvents and reagents
were used: ultrapure water (Milli-Q® Advantage
A10, Merck, Germany), acetonitrile UPLC/HPLC
grade AppliChem PanReac production (Darmstadt,
Germany), methanol UPLC/HPLC grade J.T. Baker
production (Avantor Performance Materials, Inc.,
Palo Alto, USA), and formic acid 98—-100% Merck
production (Darmstadt, Germany).

Sample preparation. HGC: approximately
2.0 g (exact weight) was transferred to a 100-mL
round-bottom flask, and 50 mL of 60% aqueous
methanol was added. The mixture was heated in a
boiling water bath under reflux for 1 h. Then, the
flask was allowed to cool to room temperature,
placed in an ultrasonic bath for 5 min, and the extract
was transferred to a 50-mL volumetric flask, made

up to the mark with 60% aqueous methanol, and
stirred. An aliquot was then transferred to a 1.5-mL
centrifuge tube, centrifuged at 15000 rpm, and the
supernatant transferred to an autosampler vial. The
TDE (approximately 0.5 g accurately weighed) was
transferred to a 50-mL volumetric flask, and 30 mL of
60% aqueous methanol was added. The mixture was
placed in an ultrasonic bath for 10 min then made to
the mark with 60% aqueous methanol and stirred. An
aliquot was transferred to a 1.5-mL centrifuge tube,
centrifuged at 15000 rpm, the supernatant transferred
to an autosampler vial.

Equipment. The analysis was performed using
an Ultimate 3000 liquid chromatography system
equipped with a degasser, a three-channel pump,
a column thermostat, a thermostatically controlled
autosampler, a DAD, and an TSQ Endura triple-
quadrupole mass spectrometer (MS) (Thermo
Scientific, USA).

HPLC conditions: stationary phase: Waters
NovaPak® C18 ID 4 um 4.6 x 150 mm column; mobile
phase A: 0.1% aqueous solution of formic acid, mobile
phase B: acetonitrile; flow rate: 0.5 mL/min; gradient
elution: 0-30 min 10-25% B, 30-40 min 25-50% B;
column regeneration: 40—45 min 50—10% B, 45-50 min
10% B; column temperature: 25°C; sample volume:
10 puL; autosampler temperature: 20°C; detection was
performed at four different analytical wavelengths:
70, 350, 338, and 290 nm. Spectra were recorded in the
wavelength range 190400 nm.

MS conditions: heated electrospray ionization in
positiveion detection mode (HESI-MS+) was performed
over the m/z range 100—-1000 Da. Scanning speed:
100 Da/s; Q1 quadrupole resolution: 0.7. Operating
parameters of the ionization source: capillary voltage:
3500 V, fragmentation voltage: 5 V, desiccant gas (N,)
flow: 50 arbitrary units; auxiliary gas flow: 15 arbitrary
units; purge gas flow: 2 arbitrary units; ion transfer tube
temperature: 325°C, evaporator temperature: 350°C.

Data processing was carried out using the Thermo
Xcalibur 3.0.63 Qual browser program.

RESULTS AND DISCUSSION

The peaks in the chromatograms were identified
by comparing their retention times and ultraviolet and
mass spectra with those of standards as well as on the
basis of published data on the flavonoid profiles of
the constituent plants.

Chromatograms of the HGC extract and the TDE
are presented in Fig. 1 and Fig. 2.

Nine individual flavonol glycosides—derivatives
of myricetin, quercetin, kaempferol, and kaempferid—
were identified in the HGC and TDE (Table 1).
According to published data, robinin, 3-glucuronides
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of quercetin, and kaempferol are characteristic of
common beans [15]. We have previously identified
3-glucuronides of myricetin, quercetin, kaempferol
and kaempferide as well as 3-arabinoside kaempferol
in common knotgrass (Polygonum aviculare). In
addition, according to the results of our previous
studies, quercetin and kaempferol 3-glucuronides
are present in blueberry shoots. With a high degree
of probability, quercetin-3-robinoside-7-rhamnoside
and quercetin-3-pentosyl glucuronide are flavonol
glycosides of common beans, the contents of which
have not been previously reported in the literature.
The quantitative contents of the flavonoids
identified were determined by an external standard

9.02

method: quercetin tri- and diglycosides are expressed
in terms of rutin, myricetin- and quercetin-3-
glucuronides are expressed in terms of isoquercitrin,
and kaempferol glycosides are expressed in terms of
keampferol-3-glucoside (Table 2).

As can be seen from Table 2, the main flavonoids
in the studied objects are robinin and kaempferol-3-
glucuronide, the contents of which in the HGC are 2.09
and 2.22 mg/g, and in the TDE are 4.85 and 3.84 mg/g,
respectively.  Quercetin-3-robinoside-7-rhamnoside,
campferol-3-robinoside, quercetin-3-glucuronide,
campferid-3-glucuronide, and campferol-3-arabinoside
were detected in HGC and TDE at significantly lower
concentrations than those of the main flavonoids
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Fig. 1. Chromatogram of the HGC extract at A = 350 nm.
The peak numbers correspond to the flavonoid numbers in Tables 1 and 2.
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Fig. 2. Chromatogram of the TDE at A = 350 nm.
The peak numbers correspond to the flavonoid numbers in Tables 1 and 2.
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Table 1. HPLC-DAD-MS results for the HGC and its extract

Flavonoid R, min A, M m/z Ion detected
255, 757 [M + H]*
Quercetin-3-robinoside-7-rhamnoside 13.6 265, 611 [M — rhamnose* + H]*
’ 355 449 [M — robinose + H]*
303 [M —rhamnose — robinose + H]*
265, 741 [M+H]"
Kaempferol-3-robinoside-7-rhamnoside 155 350 595 [M — rhamnose + H]*
(Robinin) ’ 433 [M — robinose + H]*
287 [M —rhamnose — robinose + H]*
255, 495 [M + H]*
Myricetin-3-glucuronide 17.5 270, 319 [M — glucuronic acid + H]*
355
255, 611 [M+H]"
Quercetin-3-pentosylglucuronide 18.0 270, 435 [M — glucuronic acid + H]*
355 303 [M — pentose + H]*
270, 595 [M + H]*
Kaempferol-3-robinoside 21.0 345 433 [M — rhamnose + H]*
287 [M — robinose + H]*
. . 255, 479 | [M+H]
Quercetin-3-glucuronide 22.1 265, 303 [M — glucuronic acid + H]+
355
. 265, 463 [M + H]*
Kaempferol-3-glucuronide 26.5 345 287 [M — glucuronic acid + H]'
L 265, 419 [M+H]"
Kaempferol-3-arabinoside 31.5 245 287 [M — arabinose + H]'
. . 270, 477 [M + H]+
Kaempferide-3-glucuronide 359 345 301 [M — glucuronic acid + H]'

*Hereinafter: for dehydrated carbohydrate or glucuronic acid (-H,0), water is lost upon forming a glycosidic bond.

Table 2. Flavonoids content in HGC and TDE

Tl Content, mg/g
HGC TDE
Quercetin-3-robinoside-7-rhamnoside 0.10 0.31
Robinin 2.09 4.85
Myricetin-3-glucuronide 0.07 0.16
Quercetin-3-pentosylglucuronide 0.05 0.15
Kaempferol-3-robinoside 0.33 0.93
Quercetin-3-glucuronide 0.43 0.72
Kaempferol-3-glucuronide 2.22 3.84
Kaempferol-3-arabinoside 0.64 1.63
Kaempferide-3-glucuronide 0.53 1.37
Total flavonoids 6.46 13.96
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(0.10-0.64 and 0.31-1.63 mg/g, respectively). The
contents of minor flavonol glycosides, which include
quercetin-3-pentosyl glucuronide and myricetin-3-
glucuronide, are less than 0.10 mg/g in the collection
and less than 0.20 mg/g in the extract. The total
content of flavonoids in the collection is 6.46 mg/g
(or 0.646%) and that in the extract is 13.96 mg/g (or
1.396%).

CONCLUSIONS

The flavonoid profiles of HGC and its TDE were
determined by HPLC-DAD-MS. Nine individual
flavonol glycosides were identified, and these were
found to be derivatives of myricetin, quercetin,
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