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Licorice herb (Glycyrrhiza glabra L.) is a promising herbal raw material, which can be comprehensively used to develop drugs
with an anti-inflammatory action.

The aim of the article was to development a quantitative determination method of total flavonoids in Glycyrrhiza glabra L.
herbs.

Materials and methods. The subjects of research were 5 samples of licorice herb harvested in summer in various places of
growing and cultivation. Pinostrobin was used as a standard sample. The registration of the electronic spectra was carried
out with a spectrophotometer (Analytik Jena AG, Germany) by differential spectrophotometry, 96% ethanol was used as a
solvent.

Results. The methods for quantitative determination of total flavonoids in Glycyrrhiza glabra L. was carried out at an
analytical wavelength of 310 nm equivalent to pinocembrin. The optimum parameters for the extraction of total flavonoids
from Glycyrrhiza glabra L. were as follows: the extractant — 90% ethanol; the «raw material-extractant» ratio was 1:50; the
extraction time was 60 min; the degree of atomization was 2 mm. The content of total flavonoids for the Glyccyrhiza glabra L.
herb has been determined, it varies from 0.39+0.002 to 3.41+0.015% with the humidity of the vegetative raw material from
9.97+0.003 to 10.03+0.003% depending on the place of the vegetation, cultivation and year of the raw material collection.
The error of the single determination with a 95% confidence level was +0.73.

Conclusion. The developed methods for the quantitative determination of total flavonoids in Glycyrrhiza glabra L. herbs can
be used to solve the issues of standardization of these medicinal plant raw materials.

Keywords: licorice; Glycyrrhiza glabra L.; herb; flavonoids; pinocembrin; standardization; spectrophotometry
Abbreviations: SS — standard sample; PhM — pharmacopoeial monograph; GPhMK — general pharmacopoeial monograph;
BAC — biological active compounds; HPLC — High Performance Liquid Chromatography.
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TpaBa conoaku ronon (Glycyrrhiza glabra L.) aBnseTca NepPCneKTUBHbIM PacTUTENbHbIM CbIpbEM, KOTOPOE MONKET ObiTb
KOMM/EKCHO MUCMO/Ib30BaHO ANA Pa3paboTKM IeKapCTBEHHbIX NPenapaTos ¢ NPOTUBOBOCNANIUTENbHBIM AEUCTBUEM.

Llenb. Pa3paboTka METOAMKMN KONIMHYECTBEHHOIO ONpeaesieHna CyMMbl G1aBOHOMA0B B TPABE COOAKM FONON.

Martepnan un metoabl. OBbEKTaMWU WMCCNEfOBaHWUA ABAAANCL 5 06pasLoB TpaBbl CONOAKW T[O/I0M, 3arOTOBNAEHHbIX B
NETHUI NepUOL BPEMEHU B Pa3IMYHbIX MECTax NMPOM3pacTaHUsA U KyJAbTUBUMPOBaHMA. B KauyecTBe cTaHAapTHOro obpasua
MCMNONb30BaAN MUHOCTPOOUH. Peructpaumio Y®-cnekTpos nNpoBoauan c mnomolybto cnektpodotomerpa «Specord 40»
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(Analytik Jena AG, lfepmaHusa) metogom gubdepeHLmanbHoM cnekTpodoToMeTpun. B KauecTse pacTBOpUTENA UCMO/Ib30BANN

CNUPT 3TMNOBbIN 96%.

Pesynbratbl. KoanyectseHHoe onpeaeneHne cymmbl G1aBOHOUAOB B TPABE CONOAKM 0101 NPOBOAWAN NPU aHAIMTUYECKON
ANvHe BoHbI 310 HM B nepecyéte Ha MUMHOLEMOPUH. YCTaHOB/IEHbI ONTUMA/bHbIE MAapPaMeTpPbl SKCTPArMpoBaHUA CyMMbl
$naBoOHOMAOB M3 TPaBbl COMIOAKMN FONOM: IKCTPAreHT — CNUPT 3TUNOBbLIN 90%; COOTHOLIEHUE «Cblpbe-3KcTpareHT» — 1:50;
BPEeMA 3KCTpaKuMn — 60 MUH; CTeneHb U3menbyeHua cbipba — 2 Mm. OnpeaeneHo cogepkaHme cymmbl GaaBoHOMAOB ANA
TpaBbl CONOAKM ron0M, KoTopoe BapbupyeT oT 0,39+0,002 ao 3,41+0,015% c y4ETOM BNAXKHOCTU PACTUTE/NILHOIO CbiPbA OT
9,9740,003 go 10,03+0,003% B 3aBMCMMOCTU OT MecTa MPOM3PACTAaHUA, KyJbTUBMPOBAHMA U roga cbopa pacTUTENIbHOro
cbipbA. MorpeLwHocTb e4MHUYHOTO onpeaeneHna ¢ 40BEePUTEIbHON BEPOATHOCTLIO 95% cocTasnana +0,73%.

3akntoueHue. Pa3paboTaHHaa MeToamMKa KOMYECTBEHHOro onpeaeneHnsa GnaBoHOMAO0B B TPaBE COMOAKM FONOW MOXKET
6bITb MCMO/b30BaHa A/1A PEeLLeHNA BONPOCOB CTaHAAPTU3ALLMM YKa3aHHOMO IEKAPCTBEHHOIO PACTUTE/IBHOTO CbIPbA.
KnioueBble cnoBa: conogka ronas; Glycyrrhiza glabra L.; TpaBa; ¢naBoHOMAbl; MUHOLEMOPUH; CTaHAapTWU3aums;

cnekTpodoTomeTpus

Cnucok cokpaweHmid: /I — nekapcTeeHHbIn npenapat; CO — cTaHgapTHLIM 0bpasel; PC — papmakoneliHasa cTatbs; BAB —
61ON0rNMYECKM aKTUBHbIE BellecTBa; BIXKX — BbicokoapdeKTUBHAA KMUAKOCTHAA XpomaTorpadus.

INTRODUCTION

Glycyrrhiza glabra L. (Fabaceae family) is one of
the most researched and well-studied plants in the
world. This is a perennial herbaceous plant with erect
and sparsely branched stems, reaching a height of
50-100 cm (in exceptional cases up to 200 cm). The
underground organs are well developed; its roots
penetrate into the soil to a depth of 6-8 m and form
a thick network, which helps maintain the licorice
The
unpaired. The flowers are aggregated in loose racemes

population. leaves are alternate, compound,
on long pedicels. The plant is common in many regions,
even though it belongs to the Mediterranean species. In
the valleys of the major rivers of Central Asia, Uzbekistan
and Kazakhstan, licorice forms thickets?.

The roots of this plant are widely used in officinal
medicine. On the basis of isolated biologically active
compounds (BAC) from the roots, many multicomponent
drugs have been developed. In the course of studies, a
group of scientists from Samara State Medical University
and the All-Russian Institute of Medicinal and Aromatic
Plants have also developed the state standard sample
(SS) of glycyram (PhM-42-0034-00), with the specification
of chemical structure, and studied physical and chemical
properties of glycyrrhizic acid [1-4].

Licorice roots are valuable pharmacopoeial raw
materials that are widely used for the production of drugs
with an expectorant effect and an anti-inflammatory
activity. This raw material is particularly popular not

! Budantsev AL. Plant resources of Russia. Wild flowering plants,
their component composition and biological activity. Vol. 3:
Fabaceae — Apiaceae: A.L. Budantsev ed. Moscow: Association of
Scientific Editions KMK; 2009. 599 p. Russian

2 Maevsky PF. Flora of the middle belt of the European part of Russia.
11" ed. M.: KMC Scientific Publishers Association; 2014. 635 p.
Russian
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only in Russia but also abroad [5-7]. In recent decades,
scientists have paid attention to various species of the
genus Glycyrrhiza L. as promising sources of BACs used
to create phytopreparations. Along with licorice roots,
one of the promising sources is also the aerial part, i.e.,
the licorice herb [8, 9].

According to

data, it is known

that the above-ground part of

literature
licorice contains
flavonoids, polysaccharides, tannins, triterpenoids,
that the flavonoid

licorice herb is

vitamins, etc. It is known

composition of represented by

pinocembrin, glabranin, prunetin, astragalin and
vitexin [9]. It should be concluded that the above-
ground part of licorice is rich in a high content of BAC,
among which flavonoids are of the greatest interest in
terms of creating medicines.

Flavanones prevail in the herb of this plant.
The

(5,7- dihydroxyflavanone) the efficacy of which has been

dominant among them is pinocembrin
proven in preclinical practice. A number of in vitro and
in vivo studies have shown that pinocembrin improved
the regional cerebral blood flow of non-pedigreed rats
and reduced postischemic neurovascular block damage.
It follows that pinocembrin has a neuroprotective
activity [10-14]. It has also a powerful antifibrotic effect,
which explains its antioxidant properties. Pinocembrin
alleviated bleomycin-induced skin fibrosis and a
fibrosis-related protein expression in keloid tissues in
xenografted mice [15, 16].

Pinocembrin had a protective effect against
gentamicin-induced nephrotoxicity, which may be
partially related to its antioxidant and anti-apoptotic
effects, subsequently leading to the improved renal

function [17]. This flavanone showed a pronounced
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activity against Gram-positive bacteria, while its methyl

ester  pinostrobin  (5-hydroxy-7-methoxyflavanone)
was less pronounced against Esherichia coli due to its
chemical structure determining the lipophilic properties
of the substance and its affinity to the lipid membrane
of gram-negative bacteria [18-20]. In an in vitro study,
pinocembrin showed a photoprotective efficacy [20, 21]
and inhibited an allergic airway inflammation [22].

In one study, pinocembrin showed a more
pronounced anti-inflammatory activity than the non-
selective cyclooxygenase inhibitor indomethacin. At the
same time, the anti-inflammatory drugs of comparison
were amidopyrine, hydrocortisone, and indomethacin.
A formalin-induced inflammation in mice was reduced
by 40.3% at the pinocembrin dose of 25 mg/kg and
by 43.4% at the 50 mg/kg dose. In methylation and
ethylation of pinocembrin, at position C,, the formation
of its derivatives led to a decrease in the anti-
inflammatory activity [23].

In view of the above, a wide range of therapeutic
uses of the licorice herb seems appropriate from the
position of complex processing of raw materials to
study the properties of water-alcoholic extracts and
preparations based on the herb of this plant. This will
expand the range of ideas about the pharmacological
activity of flavonoids and substances of the above-
ground part of G. glabra and evaluate the possibility of
using this object in the creation of domestic drugs.

Based on the sum of flavonoids from the above-
ground part of licorice, foreign scientists developed
a drug called “Glacembrine” with anti-inflammatory
and analgesic effects [24]. Glacembrin has undergone
a number of clinical trials according to the following
parameters: an acute toxicity, an anti-inflammatory
activity. The results showed that “Glacembrin” did not
differ from the similar indicator of pinocembrin, and the
anti-inflammatory activity of the drug was higher than in
the case of pinocembrin. In addition, “Glacembrin” has
a pain-relieving effect on the model of acetic cortex in
mice [23].

All of the above-mentioned has opened new
opportunities for the use of the licorice herb in
the pharmaceutical industry as a raw material for
the manufacture of standardized drugs with anti-
inflammatory and other effects. In general, the literary
analysis showed an insufficient degree of study and
standardization.

elaboration of the licorice herb
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Attention should be paid to the developed methods
of the quantitative determination of total flavonoids
in the above- ground part of licorice by direct
spectrophotometryequivalentto pinocembrin, proposed
by Uzbek scientists [25]. In our opinion, this technique
can give overestimated results of determination since
other phenolic compounds also contribute to the optical
density at the analytical wavelength of 290 nm. In
addition, a multiple extraction (3 times) of raw materials
cannot be always justified, because these extraction
conditions can increase the error of the analysis method.

In this regard, the research is relevant in terms of
improving the methods for a quantitative determination
of total flavonoids in the Glycyrrhiza glabra L. herb.

THE AIM of the article was to work out methods
for quantitative determination of total flavonoids in
Glycyrrhiza glabra L.

MATERIALS AND METHODS

The objects of the study were five samples of the
Glycyrrhiza glabra L. herb. They were prepared: No. 1 —
in the Samara region (Kinelsky district, Alekseevka
village), August 2021; No. 2 — in Samara city, the
Botanical Garden of Samara State Medical University,
August 2021; No. 3 —in the Orenburg region, (Sakmarsky
district, Tatarskaya Kargala village), July 2017; No. 4 —
in the Republic of Kazakhstan, Derzhavinsk city, June
2018; No. 5 — in the Samara region (Bolshechernigovsky
district, Bolshaya Chernigovka village), August 2019.
The moisture content of the plant raw materials was
determined in accordance with the requirements
of the Russian State Pharmacopoeia XIV edition
GPhM.1.5.3.0007.15 «Determination of moisture content
of medicinal plant raw materials and medicinal plant
preparations»®.

The used methods of spectrophotometry was
performed in accordance with the requirements
of the Russian State Pharmacopoeia XIV edition
GPhM.1.2.1.1.0003.15

ultraviolet and visible regions». Spectral characteristics

«Spectrophotometry in

of aqueous-alcohol extracts were evaluated on a
spectrophotometer «Specord 40» (Analytik Jena AG,
Germany) in cuvettes with a layer thickness of 10 mm,
96% ethanol was used as a solvent.

in 96%
ethanol was used as a SS (Fig. 1). Pinostrobin standard

The solution of pinostrobin prepared

3 Russian State Pharmacopoeia. XIV ed. Vol. 1-4. Moscow; 2018.
Available from: http://http://femb.ru/femb/ pharmacopea.php
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sample corresponded to the requirements of the
pharmacopoeial article (PhM 42-0073-01) and was
provided to the Scientific and Educational Center
«Pharmacy» of Samara State Medical University to
determine by high-performance liquid chromatography
(HPLC) the degree of purity, which was not less than
98.0%. Aqueous-alcoholic extracts were prepared using
96% ethanol (brand name: chemical clean, Hippocrates,
Russia). The necessary concentrations of alcohol (50,
60, 70, 80, 90%) were obtained by diluting 96% ethanol
according to Table 5 of Appendix to the Russian State
Pharmacopoeia XIV edition.

Preparation of working solutions

for analysis by UV-spectrophotometry

The analytical sample of raw materials was crushed
to the particle sizes, passing through a sieve with holes of
2 mm in diameter. About 1 g of the crushed raw material
(exact weight) was placed in a conical heat-resistant
Erlenmeyer flask with a 100 ml slit, 50 ml of 90% ethanol
was added. The flask was closed with a stopper and
weighed on Sarto GOSM laboratory scales (Russia) with
an accuracy of £0,001. The flask was attached to a reflux
condenser and heated in a boiling water bath (moderate
boiling) for 60 min. Then it was cooled for 30 min, closed
with the same cap, weighed again and the missing
extractant was replenished to the original volume. The
extraction was filtered through a paper filter (red band).

To prepare test solution pinostrobin for the UV-
spectrophotometry, about 0.02 g (exact weight) of the
substance was weighed, placed in a 50 ml volumetric
flask, dissolved in 30 ml of 96% ethanol and heated in
a water bath. Use of 96% ethanol provided the best
dissolution of the reference standard of pinostrobin.
After cooling the contents of the flask to room
temperature, its volume was brought to the mark with
96% ethanol (pinostrobin standard solution A). Then
1 ml of pinostrobin standard solution A was placed into
a 25 ml volumetric flask, 2 ml of aluminum trichloride
3% alcohol solution was added and the solution volume
was brought to the mark with 96% ethanol (test solution
B of pinostrobin).

The reference solution was prepared as follows:
1 ml of pinostrobin A solution was placed in a 25 ml
volumetric flask and the volume of the solution was
brought to the mark with 96% ethanol (pinostrobin B
reference solution). The optical density of test solution

130

B of pinostrobin was measured on a spectrophotometer
at 310 nm against the background of reference solution
B of reference standard of pinostrobin.

Quantitative determination of total flavonoids

in water-alcoholic extraction of licorice herb

About 1 ml of the obtained extraction was placed
in a 50 ml volumetric flask, 2 ml of 3% alcohol solution
of aluminum (Ill) chloride was added, the volume of
solution was brought to the mark with 96% ethanol (test
solution A), stirred and left for 40 min to form a flavonoid
complex with aluminum. The solution obtained as
follows was used as a reference solution: 1 ml of the
extraction (1:50) was placed in a 50 ml measuring flask
and the volume of the solution was brought to the mark
with 96% ethanol (comparison solution A). Then the
optical density of the test solution A was measured on
a spectrophotometer at 310 nm against the background
of the reference A.

The content of total flavonoids equivalent to
pinocembrin and absolutely dry raw materials in
percentage (X, %), is calculated by the formula:

= D #m,*50*50%1.05*100
D, *m*50%25% (100—-W)’

where D — the optical density of the test solution;
D,— the optical density of the pinostrobin SS; m — the
mass of raw materials, g; m —the mass loss in drying, %;
1.05 — the conversion factor.

In the absence of a pinostrobin standard sample, it
is advisable to use the theoretical value of the specific
absorption index, 680:

_ D#*50%25%100
m#680%* (100— W)’

where D — the optical density of the test solution;

m — the mass of raw materials, g; 680 — specific
1%
lcm

310 nm; W —loss in weight during drying, %.

absorbance (E;” )of standard sample of pinocembrin at

Validation of analytical methods

Validation of the developed methods was carries
out according to the following indicators: specificity,
linearity, precision (repeatability), intralaboratory
precision, accuracy in accordance with the requirements
of the Russian State Pharmacopoeia XIV edition.

Microsoft Excel 2013 Software was used for calculations.

Volume XI, Issue 2, 2023
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RESULTS AND DISCUSSION

In the course of the experiment, water-alcoholic
extracts of the licorice herb were obtained and their UV-
spectra were studied. In the herb of this plant, flavanones
prevail, the dominant flavonoid is pinocembrin
(Fig. 1), which hasa maximum absorption at a wavelength
of +2 nm (Fig. 2).

In our opinion, it is pinocembrin that mainly
determines the character of the absorption curve
of the water-alcohol extract from the licorice herb
(Fig. 3). This conclusion is consistent with the literature
data [7]. Since pinocembrin is not registered in the
Russian Federation as a standard sample, the possibility
of using pinostrobin (PhM 42-0073-01), close in chemical
structure to pinocembrin as SS, was studied. It was
determined that pinotembrine and pinostrobine have a
maximum absorption at a wavelength of 290 nm (direct
spectrophotometry) (Fig. 2 and 4). Taking into account
the fact that in the case of the flavonoid sum content
by direct spectrophotometry there is an overestimation
of the experimental results, the possibility of using
differential with
trichloride as a complexing reagent was studied.

It was found that the addition of aluminum ()

spectrophotometry aluminum

chloride to the test solution and the pinocembrin and
pinostrobin solutions resulted in a bathochromic shift
in the long-wave absorption spectrum (Fig. 2-4). At
the same time, it was determined that differential
spectrophotometry by the short-wave absorption
maximum of pinostrobin and pinocembrin solutions are
at wavelength 310 nm (Fig. 5 and 6), while in the long-
wave region of the spectrum their absorption maxima
do not coincide, which allows us to recommend 310 nm
as an analytical wavelength. When using pinostrobin
SS, the content of the flavonoid sum to pinocembrin
was recalculated by introducing a coefficient into the
formula for the calculation.

CH,O o)

0]
A

In the absence of pinostrobin SS, the theoretical
value of pinostrobin specific absorption established
experimentally, was used.

It was found that the total extraction of flavonoids
from the licorice herb is achieved with 90% ethanol. The
next step was to conduct an experiment to determine
the optimal «raw material- extractant» ratio (1:50). Then
the time parameters of the extraction, during which
there was a maximum extraction of flavonoids from
the raw materials were established — 60 min. The final
step was to determine the degree of grinding of the raw
material (2 mm), contributing to the full extraction of
flavonoids by the extractant (Table 1).

The methods specificity was determined by the
correspondence of the absorption maxima of the
Glycyrrhiza glabra L. herb flavonoid complex and the
solution of the standard pinostrobin sample with
aluminum trichloride and the differential peak of the
standard pinostrobin sample.

The methods linearity was determined for a series
of pinostrobin solutions with concentrations ranging
from 0.016 to 0.16 mg/ml (0.016; 0.032; 0.08; 0.16).
Based on the data obtained, the dependence of the
optical density values of pinostrobin solutions with
aluminum trichloride on pinostrobin concentration
was plotted, and then a linear regression equation was
calculated (Fig. 8).

In studying the linear dependence of y=bx+a, the
correlation coefficient was 0.9981, therefore, pinostrobin
SS can be used to analyze the amount of flavonoids
in the licorice herb in the indicated concentration
range (Fig. 8).

The precision of the methods (a repeatability
level) was estimated by analyzing the test sample of
plant material in 11-fold repetition. The error of single
determination of the amount of flavonoids in licorice
herb with a 95% confidence level is +0.73% (Table 2).

HO o)

OH O
B

Figure 1 — Structural formulas of pinostrobin (A) and pinocembrin (B)
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Figure 2 — Electronic spectra of solutions of water-

alcohol solutions of pinocembrin
Note: 1 — pinocembrin solution (direct spectrophotometry),
2 — pinocembrin solution with addition of aluminum trichloride.
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Figure 4 — Electronic spectra of pinostrobin solution
Note: 1 — pinostrobin solution (direct spectrophotometry),
2 — pinostrobin solution with addition of aluminum (l1I) chloride.
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Figure 6 — Differential spectrum
of pinostrobin solution
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Figure 3 — Electronic spectra of water-alcohol
extraction from Glycyrrhiza glabra L. herbs
Note: 1 — extraction solution (direct spectrophotometry),
2 — extraction solution with addition of aluminum trichloride.
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Figure 5 — Differential spectrum
of pinocembrin solution
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Figure 7 — Differential spectrum of water-alcohol
extraction from Glycyrrhiza glabra L. herbs
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Figure 8 — Dependence of optical density values of pinostrobin solutions with aluminum (111)
chloride on pinostrobin concentration (differential version)

Table 1 — Optimal extraction rates of total flavonoids from Glycyrrhiza glabra L. herbs at wavelength of 310 nm

Concentration ‘"W . ] Degree Total flavonoids content
materials- Extraction of . . .
of ethyl . . L equivalent to per pinocembrin
extractant»  time, min atomization, .
alcohol, % . and absolutely dry raw material, %
ratio mm
I. Extractor
50 1.50+0.006
60 1.19+0.005
70 1.21+0.031
— 1:50 60 2
80 1.86+0.005
90 2.2810.001
96 1.59+0.007
Il. Extraction time
30 2.02+0.008
45 2.31+0.001
90 1:50 _— 2
60 2.7610.012
120 2.39+0.010
IIl. Degree of atomization
1 3.10£0.013
90 1:50 60 2 3.4110.015
3 2.52+0.011
IV. «Raw materials-extractant» ratio
1:30 2.18+0.009
90 1:50 60 2 3.4110.015
1:100 3.21+0.014
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Table 2 — Precision estimation results of quantitative determination methods of total flavonoids
in Glycyrrhiza glabra L. herbs (a repeatability level)

Metrological
50 characteristics
3.40
341 N=11
342 710
3.42 X=3.41
35 o
3.46 - ’
339 Sx=0.01113
347 %79
3.35 tg’, t)=2.23
AX=0.02481%
340 £_0.73%
3.37

Table 3 - Validation of the laboratory precision of the methods for determining total flavonoids
in Glycyrrhiza glabra L. herb

X, % X, % Metrological characteristics

Analyst 1 Analyst2 Analyst 1 Analyst 2

3.40 3.39 X=3.43 X=3.42

3.42 3.41 SD=0.02229 SD=0.02160
RSD=0.2652% RSD=0.2579%

3.42 3.42 $%=0.009098 $¢=0.008819

3.44 3.43 P, %=95 P, %=95

345 3.44 t (P, t)=2.23 (table)  t (P, t)=2.23 (table)
E=0.59% E=0.57%

3.46 3.45 AX=0.02% AX=0.019%

Notes: tcalculated=0.66<t (95%;6); Fcalculated=1.06<F (95%;5;5) — differences between the results obtained are random.

Table 4 — Assessment results of the correctness of quantitative determination methods of total flavonoids
in Glycyrrhiza glabra L. herbs

Injected

inostrobin Found, Openness, Metrological
P " mg/ml % characteristics
mg/ml
7.57 7.49 98.94 %=09.68%

= . (]

7.57 7.52 99.34 SD=0.36062
7.57 7.56 99.87 RSD=0.3618%
15.15 15.08 99.54 $¢=0.120206
15.15 15.11 99.74 P % =95
15.15 1516 100.07 £ (P, 1)=2.23
22.73 22.66  99.69 £=0.27%
22.73 22.70 99.87 AX=0.27%
22.73 22.74 100.04

Table 5 — Content of total flavonoids in Glycyrrhiza glabra L. samples of licorice (in %) equivalent to pinocembrin

Moisture content  Content of total flavonoids

No. Characteristics of the raw material in raw plant in absolutely dry raw materials
materials, % (%) equivalent pinocembrin
Samara region (Kinelsky district, Alekseevka village), August 2021 | 9.97+0.003 3.38+0.015
Samara city, Botanical Garden of Samara University, August 2021 9.96+0.003 0.48+0.002
Orenburg region, (Sakmarsky district, Tatarskaya Kargala village), 9.99+0.003 0.39+0.002
July 2017
Republic of Kazakhstan, Derzhavinsk city, June 2018 10.01+0.002 1.34+0.006
5.  Samara region (Bolshechernigovsky district, 10.0340.003 1.1940.005

Bolshaya Chernigovka village), August 2019
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To assess in-laboratory precision, the analysis of
the test sample was performed by another analyst on
the same equipment on other days (Table 3). For each
sample, the studies were carried out in six replications.
Table 3 shows that the calculated value of Fisher’s
F-criterion 1.06 is less than the tabulated value of 5.05.
Consequently, the variance of the analysis results of
both chemistries are statistically equivalent and the
differences between the obtained values not significant.
Thus, the developed technique meets the validation
requirements for the in-laboratory precision.

The correctness of the methods was determined by
the standard addition methods. Pinostrobin solutions
with the known concentration (25, 50 and 75%) were
added to the aliquot of the test sample. The average
opening percentage was 99.68+0.27% (Table 4). Three
determinations were performed for each concentration.
The error determined for the samples with additives of
the SS was within the error of a single determination,
indicating the absence of a systematic error (Table 4).

It was found that the average content of flavonoids
in the studied sample of raw materials was 3.41+0.015%
(the relative error of determination was +0,73%).

Thus, based ontheresults of the validation evaluation
of the experimental results, it can be concluded that this
methods is suitable for the quantitative assessment of
total flavonoids in terms of pinocembrin.

Using this methods, 5 samples of the licorice

herb harvested in summer in different locations were
analyzed (Table 5). It was determined that the content
of total flavonoids in the analyzed samples varies from
0.39+0.002 to 3.41+0.015% with the moisture content
of plant raw materials from 9.97+0.003 to 10.03+0.003%
depending on the place of growth and the year of
collection of plant raw materials (Table 5).

CONCLUSION

Thus, as a result of this study, the methods
of quantitative determination of total flavonoids
in the Glycyrrhiza glabra L. herb by differential
spectrophotometry using a SS of pinostrobin at an
analytical wavelength of 310 nm has been developed.

A validation assessment of the developed methods
by the indicators of specificity, linearity, precision (a
repeatability level), in-laboratory precision, correctness
has been carried out. Based on the results of the
validation assessment of the experimental results, these
methods can be suitable for the quantitative assessment
of total flavonoids equivalent to pinocembrin.

The results of the study can be used to create
herbal medicines based on the licorice herb with
a neuroprotective activity, antifibrotic effects, an
antimicrobial action against Esherichia coli and a
photoprotective efficacy.

The results of the study can be used in the
development of a draft regulatory documentation for a
promising type of raw materials «Licorice naked herb.
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