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Development and validation of method of quantitative determination of flavonoids
from the above-ground part of Glycyrrhiza glabra L.

The aim of this study was to determine the optimal extraction factors of flavonoids from the above-ground
part of licorice (Glycyrrhiza glabra L.) and to develop a method for their quantitative determination,by differ-
ential spectrophotometry. The object of the study was collected in the Volgograd region during flowering and
dried samples of the herb of the medicinal plant. Ethyl alcohol 70% was chosen as the optimal extractant of
flavonoids from the studied raw materials. It was found that the extraction of the maximum amount of flave=
noid fraction is observed at three times extraction of plant raw material for 30 minutes eachsin the ratio, with
extractant 1:30. Quantitative determination of flavonoid compounds was performed by measuring the optical
density of coloured complexes formed in extracts from the above-ground part of G. glabra L. with 2.5% alu-
minum chloride solution. Detection of the optical density of the tested solutions was coenducted at a wave-
length of 408 nm, corresponding to the maximum of the standard sample solutionofrutin (Sigma, USA) after
the addition of 2.5% aluminum chloride solution. Determined by differential spectrophatometry method the
content of the sum of flavonoids in recalculation on rutin in extracts from¢he'studied samples of plant raw
materials of G. glabra L., obtained under the selected conditions, is 4.3440.06%. The relative error of deter-
mination did not exceed 5%. A validation analysis was also conducted;the results of which showed the speci-
ficity, linearity and precision of the developed methodology. The studied validation parameters were within
the acceptance criteria.

Keywords: Glycyrrhiza glabra L., licorice, plant raw material, above-ground part, rutin, differential spectro-
photometry.

Introduction

The above-ground part of licorice (Glycyrrhiza glabra L.) of the Fabaceae family is a potential object
of pharmacognostic study for obtaining highly ‘effective therapeutic and preventive drugs [1, 2]. It is known
that the green parts of the medicinal plant,contain di- and polysaccharides, triterpene saponins, tannins, vita-
mins, amino acids, flavonoids (pinocembrin, rutin, quercetin, vitexin, etc.) [3-5]. However, for the success-
ful introduction of herb of G. glabra‘into practical medicine and optimization of the use of this morphologi-
cal group of plant raw materials inythe therapy of various diseases, it is necessary to develop complex ap-
proaches to its standardization.

Due to the fact that .the formation of the main pharmacological properties (antimicrobial, anti-
inflammatory [6, 7} etc.) of this plant raw material is directly related to the presence of flavonoids in the
herb of G. glabra,it isyrational to study the dynamics of accumulation of compounds of this group, as well as
the development ofiapproaches and techniques for their quantitative determination [8, 9]. At the same time,
an important stage is the selection of optimal extraction conditions of the basic group of biologically active
substances, allowing'to achieve maximum yield from plant objects.

Therefore, the aim of this study was to determine the influence of some factors (type of extractant, time
and extraction multiplicity) on the process of flavonoids extraction from the above-ground part of licorice
and their practical application in the development of quantitative determination methods in the plant raw ma-
terial.

Experimental

Samples of the above-ground part (air-dried raw material) of G. glabra, collected in the VVolgograd re-
gion from wild populations of the medicinal plant in late June — early July 2023 during the period of flower-
ing of the medicinal plant, were used in this study.

The yield of flavonoid fraction from plant raw materials is influenced by the type of extractant, time
and multiplicity of extraction. Traditionally, extraction of flavonoid fraction in the development of quantita-
tive determination methodology in plant raw materials is conducted with ethyl alcohol. In this study, ethyl
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alcohol of different concentrations (30%, 50%, 70%, and 95%) was used as an extractant. The optimal con-
centration was selected at which the highest yield of flavonoids was observed.

1.0 g of licorice herb ground to 1 mm was placed in a flat-bottomed flask, 30 ml of ethyl alcohol of ap-
propriate concentration was added. The flask with the contents was weighed, connected to a condenser and
the raw material was extracted for 30 minutes. Then the flask was cooled, weighed and the mass was brought
to the original weight with ethyl alcohol. The obtained extract was filtered (solution A) and used for quanti-
tative determination of flavonoid amount by differential spectrophotometry. 2.5 ml of solution A was placed
in a 25 ml volumetric flask, 2.5 ml of 2.5% aluminum chloride and 0.1 ml of diluted acetic acid were added.
In another flask 2.5 mL of solution A and 01, mL of dilute acetic acid were placed. Both flasks were brought
to the mark with alcohol of appropriate concentration (solution B) and measured the optical density of the
studied solutions spectrophotometer Shimadzu UV-1800 in quartz cuvettes with a layer thickness of 10 mm
at the analytical wavelength corresponding to the wavelength of the standard sample solution of rutiniused in
the work (40842 nm).

In parallel, the optical density of rutin standard sample solution (Sigma, USA) was measured according
to the same principle. For the preparation of solution A about 0.05 g (exact weight) of rutin,was:placed in a
measuring flask with a capacity of 100 ml and brought with ethyl alcohol 95% to the mark.

The optical density of the test extract with aluminum chloride was measuredselative to the control (ex-
tract without addition of aluminum chloride solution).

Calculation of the quantitative content of flavonoids (X, %) in recalculation on rutin in absolutely dry
raw material was performed according to the formula:

A-V,-25-100

X )
m -V, - (100 W)

= 71%
AlCM

where A — optical density of the tested solution;

AY% _ specific absorption index of rutin solution;

V1 — volume of extractant;

V,— volume of aliquot for preparation of solution B;

m — weight of raw material, g;

W — moisture content of plant raw material, %.

Then the optimal extraction time andwextraction multiplicity were selected.

Statistical processing of experimental data'was performed using Microsoft Office Excel computer pro-
gram. Each test was done three times (P = 95%; n = 3).

Validation of the method for quantitative determination of flavonoids in the above-ground part of G.
glabra was performed according to'the following indicators: specificity, linearity, precision (repeatability).

Specificity of the method.was determined by the position of maxima of light absorption of flavonoids
complexation reaction products of alcoholic extracts from licorice and standard sample of rutin with alumi-
num chloride on differential spectra.

Determination ofithe linearity of the method included the study of the dependence of the values of opti-
cal density of the stainedycomplexes of flavonoids of the studied extracts from the above-ground part of the
medicinal,plant.with @aluminum chloride on their concentration. For this purpose, five dilutions of alcoholic
extract were_prepared. In five volumetric flasks (25 ml) were placed 1.0 ml; 1.5 ml; 2.0 ml; 2.5 and 3.0 ml of
the extract, 10'ml of 95% ethyl alcohol, 2.5 ml of 2.5% alcoholic solution of aluminum chloride were added.
The optical density of the obtained solutions was measured and the dependence diagram was plotted.

The precision (repeatability) of the method was determined by taking six exact weights of herb of G.
glabra, preparing six alcoholic extracts according to the developed method and determining the content of
the sum of flavonoids in the tested samples of raw materials.

Results and Discussion

The dominance of rutin in the above-ground part of G. glabra was previously established by
HPLC [10]. Due to the fact, this flavonoid has a significant role in the formation of the spectral characteris-
tics of the tested extracts from the herb of this medicinal plant. When studying their differential spectra, it
was found that the stable absorption maximum is observed at a wavelength of 407+2 nm and is similar to the
maximum of the solution of the standard sample of rutin used in the work (40842 nm) (Fig. 1).
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Figure 1. Differential spectra of alcohol extracts fromsthe herb of Glycyrrhiza glabra (1)
and rutin standard sample solution (2)

This region of the spectrum is quite different fromthe absorption spectra of other groups of phenolic
compounds, which are present in extracts from plant raw materials, and improves the selectivity of the de-
termination. This fact is taken as a basis for the developed.method. Quantitative determination of the sum of
flavonoids in the above-ground part of G. glabra was conducted in recalculation on rutin. The wavelength at
which the maximum of the standard sample was observed was chosen as the analytical wavelength.

Data on the influence of extractant c@ncentration on the yield of this group of biologically active sub-
stances from herb of G. glabra are presented in Table 1.

Table 1
The effect of ethyl alcohol concentration on the yield of flavonoids from the herb of Glycyrrhiza glabra L.

Ethyl alcohol goncéntration Flavonoids content, %
30% 2,68+0,08
50% 3,01+0,04
70% 3,30+0,09
95% 3,18+0,04

It was found that the maximum value of the amount of flavonoids in recalculation on rutin in the ex-
tractsisobserved when extracting plant material G. glabra with ethyl alcohol 70%. Therefore, further studies
were performed using ethyl alcohol of this concentration.

Tables 2 and 3 show the results of the effect of the multiplicity and time of extraction with ethyl alcohol
70% on the yield of flavonoid fraction from the tested samples of plant raw materials.

Table 2

Effect of extraction time with 70% ethyl alcohol on the yield of flavonoids from the herb
of Glycyrrhiza glabra L.

Extraction time Flavonoids content, %
30 min 3,27+0,04
60 min 3,65+0,09
90 min 3,98+0,11
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Table 3
Effect of extraction multiplicity on the yield of flavonoids from the herb of Glycyrrhiza glabra L.
Extraction multiplicity Flavonoids content, %
1 4,0440,09
1/2 4,2440,07
1/3 4,33+0,09

The obtained results indicate that the optimal factors of extraction are three times extraction of the exact
weight (1.0) of the plant raw material (herb of G. glabra) crushed to 1 mm for 30 minutes with ethyl alcohol
70%. The content of the sum of flavonoids in recalculation on rutin in extracts from the above-ground part of
the medicinal plant obtained under these conditions, determined by differential spectrophotometry, was
4.34+0.06% (with a confidence level of 95%). The metrological characteristic of the experimentyis presented
in Table 4.

Table 4

Metrological characterization of the quantitative determination of the content of the sumsof.flavonoids in
recalculation on rutin in the herb of Glycyrrhiza glabra L&

f Xcp S P, % t(P, ) AX E, %
5 4,34 0,05 95 2,57 0,06 3,38

Linear regression parameters were calculated in Microsoft.Office Excel programme. The dependence of
the optical density value of the tested extracts on the content of the sumuef flavonoids in recalculation on ru-
tin (%) is described by the equation y=0,505x+2,193 (Fig. 2)..R2 is 0:996, which confirms the linear depend-
ence in the studied range of concentrations.

Optical density

i} 1 2 3 4 5 O

Flavonoids content, %

Figure 2..Depéndence ofioptical density of extracts from the above-ground part of Glycyrrhiza glabra on the content of
the sum of flavonoids in recalculation on rutin

Determination of precision (reproducibility) indicates the repeatability of this method. The relative error
(E, %) was,3:38%.

Conclusions

Thus, in the course of the study, the optimal parameters affecting the extraction of flavonoids from herb
of G. glabra L. were determined. The obtained data were used in the development of methods for quantita-
tive determination of compounds of this group of biologically active substances in the examined plant raw
materials. It was found that the maximum yield of the sum of flavonoids in recalculation on rutin is observed
at three times extraction on 30 minutes of samples of licorice herb 70% ethyl alcohol and on the average was
4,34+0,06%.

Validation evaluation of the developed method was also carried out in terms of specificity, linearity,
precision (repeatability), the results of which are within the criteria of acceptability.
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O.B. Hegunko, A.B. Slamkas

Glycyrrhiza glabra L. skepycri myimesiepinaeri ¢giaBoHouATAPABI
CaH/BIK AHBIKTAY JAICTEPiH J3ipJiey KoHe BAJINAANUATIAY

3eprreynin Makcarsl — mus Tambipsiabiy (Glycyrrhiza glabra L.) skepycri Genirinen duiaBoHouaTapIb! any-
IIBIH OHTAMIIBI KOX(PPUIUSHTTEPIH aHBIKTAY %oHE onapapl quddepeHmanasl criekTpogoToMeTprs diciMeH
CaHABIK aHBIKTAY JICTEMECIH d3ipiey. 3epTTey HbICaHBI peTiHae Bonrorpax oOmbICHHIA T'ynaeHy Ke3iHae
JKUHAIIFAH JKOHE JOPITIK ociMIiK IOMTepiHIH KeNnTipinreH yirinepi ansiHFaH. 3epTTeNeTiH MuKizaTTal ¢ia-
BOHOM/ITAP/BIH OHTAiIbI dKCTpareHti perinme 70% 3Tun cnupTi TaHmauabl. DIaBOHOUITH (PaAKIUSHBIH
MaKCHUMAaJIbl MOJIIEPiH ajly/eCIMIIK IIHKi3aThiH SkcTpareHT 1:30 kareiHachiHAa 30 MUHYTTaH YII peT amy
Ke3iHe GalKataThIHBI aHBIKTasIbL. DIIaBOHOUATHl KOCBUIBICTAPIbI caHABIK aHbikTay G. glabra L. sxepycri
GeJliriHeH aNblHFaH CHIEBIHABUIAPAA, TY3UITeH OOSUTFaH KeLIeHIep/AiH ONTHKAIBIK THIFBI3IBIFEIH ommey 2,5 %
AOMUHHIN XJIOPHUIIHIH epITIHIICI apKBUTBI )KYPTi3iii. 3epTTeNneTiH epiTiHaiIepaAiH ONTHKAIBIK THIFbI3IbIFbIH
aHpIKTay 2,5% aIrOMUHWN XJOPHIIHIH epiTiHAiCiH KOCKaHHaH KeWiH CTaHgapTTHl pyTuH yirici (Sigma,
AKIII) epiriamiciHiH MaKeHMyMbIHa coiikec KeneTiH 408 HM TONKBIH Y3BIHABFBIHAA XKYprizinai. Juddepen-
IUAIIBI CICKIPO(OTOMETPHS dAiCIMEH aHBIKTAFaH, TaHalFaH arFaainapaa ansarad G. glabra L. ecimaix
IIMKI3aTHHBIH 3€PTTENETIH YITIepiHeH ajbIHFaH CHIFBIHABIIAPAAFs! (DIaBOHOMATAPIBIH PYTHHIIK MeJIIepi
4,34+0,06% Kypaabl. AHBIKTayIbIH CaJbICTBIpMabl Katemiri 5%-aaH acnanpl. CoHpaii-ak, BaMIanMsUIBIK
TaNIAY)KYPTI3iJiIi, OHBIH HOTIDKENEpPi 93IpJICeHTeH OMiCTEMEHIH €PEKIICIriH, ChI3bIKTBIFBIH JKOHE MANIITIH
KepceTTi.IekcepyniH 3epTTereH napamMmeTpliepi xkapaMIblIbIK KpUTEepHiliepi merinae Gomnmbl.

Kinm ¢esoep: Glycyrrhiza glabra L., Must TaMbIpbl, ©CIMIIK MIMKI3aThl, XKEPYCTi Myluenepi, pyTaH, audde-
PEHIMATIBI CIEKTPO(OTOMETPHSL.

O.B. Hegunko, A.B. Sauikas

Pa3pa6oTka u BaJuaanus MeToa KOJHYeCTBEHHOT0 onpeaeaeHus (pJIaBOHOUIOB B
Haja3eMHbIX opranax Glycyrrhiza glabra L.

Llenp uccenoBaHus — OMpeeIeHHe ONTUMATIbHBIX KOI(Q(UIIMEHTOB U3BJIeUeHNs (IIABOHOUIOB M3 HA/I3EM-
Hoil wactu conoxku (Glycyrrhiza glabra L.) u pa3spaboTka METOAMKH MX KOJHYECTBEHHOTO ONMpEICTICHHUS Me-
TogoM aubdepeHunansHoi crektpodoromerpur. OOBEKTOM HCCICIOBAHMS CIY)XWIIH coOpaHHble B Bomro-
rpaJicKoii 00acTH BO BpeMsl LIBETEHHUS U BBICYLICHHBIC 00pasIibl TPaBhl JEKAPCTBEHHOTO pacTeHus. B kaue-
CTBE ONTHMAIIBHOTO JKCTpareHTa ()JIaBOHOUIOB M3 HCCJIENYeMOTO ChIpbs ObLT BBIOpaH COMPT STHIOBBIA 70
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%. YCTaHOBIIEHO, YTO M3BJIE€UEHHE MAKCHMAIILHOTO KOJIMYECTBA (DIaBOHOMIHON (pakuuy HAOMIOAaeTCs: IpH
TPEXKPATHOM SKCTParupoOBaHUH PACTUTENBHOTO ChIpbs 10 30 MUH B cooTHOWEHUH ¢ 3KcTparenToM 1:30. Ko-
JMYECTBEHHOE OompejenaeHne (pIaBOHOUAHBIX COSANHEHHH MPOBOMMIHN IyTeM U3MEPEHMSI ONTHUECKOH IIOT-
HOCTH OKpAIlICHHBIX KOMIUICKCOB, 00pa3yroLInXcs B 9KCTpaKTax M3 HaazemHoii yactu G. glabra L., ¢ 2,5 %
pacTBOpOM aTIOMHHUS XJIopuaa. OnpeneneHne onTHIecKoN IIIOTHOCTH HCCIEAYEMBIX PACTBOPOB IIPOBOAMIIN
npH JuimHe BoHB 408 HM, COOTBETCTBYIOIIEH MaKCUMyMY pacTBOpa CTaHIapTHOTro obpasna pyTuHa (Sigma,
CIIA) nocne nobasnenus 2,5 % pactBopa xiopuia amoMunust. OnpeneaeHHOe MeToIoM T hepeHIaTb-
HOH CreKTpoOTOMETPHH coAep)KaHue CyMMbI (D1aBOHOUIOB B IIepecyeTe Ha PyTHH B SKCTPAKTaX M3 MCCIIe-
IyeMBIX 00pa3IoB pacTUTeNbHOro chipbsi G. glabra L., moiy4eHHBIX B BBIOPAHHBIX YCIOBHSX, COCTABIISIET
4,34+0,06 %. OTHOCHUTENbHAs OMUOKa ONpeAeneHus He mpeBblmana 5 %. Takke ObUT MPOBEAEH BaIMIALH-
OHHBIN aHAJHN3, pe3yIbTaThl KOTOPOTO MOKa3alu CHEHU(DUIHOCTD, TMHEHHOCTh U MPELU3HOHHOCTD pa3pabo-
TaHHOH MeToauKH. lccienoBaHHBIE MapaMeTphl BAIHIAMN HAXOMWINCh B IIpeAeiax KPHTEpHEB IpHeMIle-
MOCTH.

Knrwouesvie cnosa: Glycyrrhiza glabra L., conoakoBblil KOpeHb, paCTHTEIFHOE CHIPbE, HAJ3EMHBIC OPIaHBI,
pytuH, tuddepeHnuatbHas CieKTpohOTOMETPHS.
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