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Abstract

Introduction. Amino acids (AA), the primary metabolites in plants, play a crucial role in various physiological processes, including the synthesis
of phenolic compounds. Drug products and dietary supplements made from medicinal plants can become a rich source of both nonessential
and essential amino acids. High levels of free amino acids found in herbal raw material often indicate the presence of biotic and abiotic stress
in the plants. Therefore, understanding the dynamics of bioactive compound accumulation in plants throughout their phenological phases of
development is critical to optimizing their potential health benefits.

Aim. To compare qualitative composition and dynamics of AA accumulation in the underground organs of four representatives of the Rumex
genus: R. confertus, R. crispus L., R. obtusifolius L., R. aquaticus L. of three different vegetative phases.

Materials and methods. Water extracts from underground organs of the studied plants were analyzed using two different methods for
qualitative and quantitative analysis. Extracts were applied to the chromatographic plates TLS Silica gel 60 F254 (Merk, Germany) 20 x 20 cm with
a micro-syringe (LLC "Tsvet", Russia). After elution, the plates were treated with a 2 % ninhydrin solution. Quantitative analysis was carried out using
the SF-2000 spectrophotometer (LLC "OKB Spectr", Russia).

Results and discussion. The amino acid profile of the underground organs of R. confertus, R. crispus L., R. obtusifolius L., R. aquaticus L. during three
vegetative phases was determined using the TLC method; the quantitative analysis performed using spectrophotometry.

Conclusion. The most diverse amino acid (AA) profiles were found in the withering phase in all Rumex species, with up to 9 amino adsorption
zones. In contrast, the least diverse AA profiles were observed in the flowering phase, ranging from 2 to 4 adsorption zones. The quantitative
content of AA was lowest in the flowering phase, increased during the regrowth phase, and peaked in the withering phase. However, R. crispus L.
showed an unusual pattern, with the highest quantitative content of AA detected in the regrowth phase.
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Pesiome

BeepeHune. AMuHokucnotsl (AK) ABnAOTCA nepBUYHBIMKU MeTabonnTamu B pacteHnAx. OaHa U3 QYHKLUMIA — CMHTE3 (EHONBHBIX COeUHEHWIA.
MpenapaTbl U 6UONOrMYecKN akTUBHble [OOAaBKM Ha OCHOBE NEKapCTBEHHbIX PacTEHU MOTYT ObiTb AOCTYMHbIM UCTOYHMKOM 3aMEHUMbBIX U
HesameHuMbIX AK. Bonbluoe copepxaHue AK B cBO6OJHOM BuAe B PacTUTENIbHOM Cbipbe Yallie BCEro yKasblBaeT Ha Hanmume 6roTuyeckoro u
abroTuyeckoro ctpecca. IoMMMO 3TOro — BaXXHOW 3aAauyeii ABNAETCA onpeaeneHrie AVHaMUKY HAKOMIEHUA GUONTOTMYECKN aKTVBHbIX BELLECTB B
3aBNCUMOCTY OT peHONorn4ecKkom pasbl pasBUTUA PacTEHNA.

Llenb. CpaBHUTENbHOE M3yYeHMe KaueCTBEHHOrO COCTaBa M AVHaMUKK HakorieHna AK B Mof3emMHbIX opraHax yYeTbipex npeAcTaBuTenei popa
Rumex: R. confertus, R. crispus L., R. obtusifolius L., R. aquaticus L. Tpex pa3nunyHbIx $pa3 Beretayuu.

MaTepumanbl n meToAbl. B KauecTBe aHanM3MpyemMbixX PacTBOPOB UCMONb30BaNVCb BOAHbIE U3BJIEYEHUA N3 MOA3EMHbIX OPraHOB M3y4aeMbIX BULOB
poaa Rumex, nonyyaemble AnA KauyeCTBEHHOIO 1 KOJIMYECTBEHHOTO NCCIeA0BaHNA MO BYM pasfiMyHbiM MeToAmnKaMm. Ha xpomaTorpaduueckne
nnactuHku mapku TLS Silica gel 60 F254 (Merk, lfepmaHusa) 20 X 20 cm HaHocuny usBneveHna mukpouwnpuuem (OO0 «LiBet», Poccus). Nocne
SMIOMPOBaHUA NNACTVHKK 0bpabaTbiBany 2%-M pacTBOPOM HUHTMAPUHA. KonnuecTBeHHOe onpefeneHne NpoBOAMIIOCh Ha CleKTpopoTomeTpe
C®-2000 (OO0 «OKb CnekTp», Poccua).

Pe3synbTatbl u o6cyxpaeHue. boiio nposefeHo onpepeneHve AK metogom TCX 1 OLEHEHO KONMYECTBEHHOE cofiepXKaHue MeTofoM
cnekTpodoTOoMeprM B MOA3EMHbBIX OPraHax YeTbipex npeacTaBuTenein poga Rumex: R. confertus, R. crispus L., R. obtusifolius L., R. aquaticus L. Tpex
pasnnuHbIX $pa3 BereTayum.

3akniovyeHne. Hanbonee pasHoobpasHbie npopunu AK Obinm obHapykeHbl B ¢aly OTMUPAHUA Haf3eMHON 4acTu y Bcex BMAOB Rumex
(mo 9 30H apgcopbumm), HaumMeHee pa3HoobpasHbie B da3y LBeTeHUs (0T 2 Ao 4 30H agcopbumm). KonuuecTBeHHoe copepkaHne AK HauMeHbLIMM
6bi110 B pase LBeTeHnA, Bo3pacTano B ¢pasy oTpacTaHUA 1 OCTUrano nuka B a3y oTMUPaHUA, UCKNIoYeHneM ABnaeTca R. crispus L., y koToporo
Hanbonbluee KonmyecTBeHHOe copepxaHue AK 6bis1o 0TMeUeHo B pasy oTpacTaHus.

KnioueBble cnoBa: TLC, UV, puToxmmms, ammHOKUCNOTHI, LWaBenb

KOHd)JWIKT MHTEpecoB. ABTOpPbI AeKNapupyoT OTCYTCTBNE ABHbIX N NOTEHUWaNIbHbIX KOH(I)J'IVIKTOB NHTEPECOB, CBA3aHHbIX C I'Iy6)'IVIKaLU/Iel7I HacTosLen
CTaTbW.

Bknap aBTopoB. A. M. MNonysHoB 1 H. B. Bo6koBa npugymanu n paspabotanu akcnepumeHt. A. M. MonysaHos, A. l0. Cokonoga, Y. A. MaTBueHko
n A.E. CaBenbeBa NpoBenu NcciefoBaHnsa MeTogamMmn TOHKOCIIONHON xpomaTorpadun n cnektpodpotometpun. A. M. MonyaHos, A. H0. Cokonosa,
Y. A. MatBuenko, H. A. lypHoBa n H.B. BobkoBa yuyacTBoBanu B obpaboTke faHHbix. A. M. MNonysHos, Y. A. MaTBueHko, A. 0. CokonoBa u
A. E. CaBenbeBa y4yacTBOBaiM B HanmMcaHnm TeKcTa cTaTby. Bce aBTOpbl yuacTBOBanu B 06CyKAEHNN Pe3ybTaToB.

Ona uyntuposaHus: MNMonysaHos A. M., MatBueHko Y. A., Cokonosa A. 10, CaBenbesa A. E., lypHoBa H. A., BobkoBa H. B. CpaBHMTENbHOE M3yuyeHne
npoouns cBo6OAHbIX aMUHOKMCNOT B NMOA3EMHbIX OpraHax HeckonbKMx BUAOB pogda Rumex Ha pasHbix ¢asax BereTtauyMoHHOro umkna.
Paspabomka u pecucmpauyus nekapcmeaeHHoix cpedcma. 2024;13(1):120-127. https://doi.org/10.33380/2305-2066-2024-13-1-1719

INTRODUCTION

Amino acids (hereinafter referred to as AA) are the
primary metabolites in plants. They play a vital role in
protein synthesis, ion transport, enzyme activation,
environmental resistance [1, 2], and phenolic compound
synthesis [3].

exist in either a free or bound form within peptides and
other compounds. Notably, high concentrations of
free-form AA in herbal raw materials often suggest the
presence of biotic and abiotic stress [9-11].

Numerous studies report on the content of amino
acids in representatives of such families as Nettle (Urti-

Drug products and dietary supplements made
from medicinal plants, such as those belonging to the
Fabaceae, Urticaceae, or other families, can serve as a rich
source of both nonessential and essential amino acids [4,
5]. Moreover, research has shown that AA can participate
in nervous regulation, exhibit neuroprotective effects [6,
71, and are indispensable to the proper functioning of
the cardiovascular system [8]. Of particular note is the
importance of essential AA.

While both nonessential and essential amino acids
can be synthesized in herbal raw materials, all AA can

caceae) [12, 13], Oleaster (Elaesagnaceae) [14], Legumi-
nosae (Fabaceae) [15, 16], and others [17, 18]. It has been
proven that amino acids are capable of accumulating
both in aboveground plant organs and in underground
ones. [19-21] The data on the content of amino acids
in plant organs is presented in Table 1.

AA can accumulate in different morphological
organs of plants in free and bound forms. It is vital to
determine the patterns of biologically active substances
accumulation throughout phenological phases of plant
development.
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Table 1. The content of amino acids
in different morphological groups
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Leaves 11.65-20.21 0.7-7.2 [12,18]
Herbs 11.26-15.88 4.0-4.17 [15,16]
Roots 8.39-8.89 2.05-2.46 [16,22]
Fructus 5.98-13.44 1.74-2.75 [12,23]
Flowers 5.86-7.34 2.38-3.47 [24, 25]
MATERIALS AND METHODS
Objects of study

The underground organs of Rumex confertus Willd,
Rumex aquaticus L., Rumex crispus L. and Rumex obtusi-
folius L. were harvested for this study during the 2021-
2022. All the samples were harvested from the same
population (from Rogovskoye settlement, Moscow,
Russia, coordinates: 55°14'44.3"N 37°00'34.5"E). The
underground organs of the studied species belong to
the group of "roots" according to the morphological
classification (in R. confertus and R. crispus L.) or "rhizomes
and roots" (in R. obtusifolius L. and R. aquaticus L.). All of
the samples were dried until the moisture content was
less than 14 %.

Reagents and solutions

The following aqueous solutions were used as stan-
dard samples for the TLC: 0.1 % alanine =99 % (HPLC)
(Sigma Aldrich, Germany), arginine =99.5 % (HPLC) (Sig-
ma Aldrich, Germany), asparagine =99 % (TLC) (Sig-
ma Aldrich, Germany), aspartic acid =99 % (HPLC) (Sig-
ma Aldrich, Germany), glutamic acid =99% (HPLC)
(Sigma Aldrich, Germany), glutamine =99 % (HPLC) (Sig-
ma Aldrich, Germany), glycine >=99% (HPLC) (Sigma
Aldrich, Germany), histidine =99 % (TLC) (Sigma Aldrich,
Germany), isoleucine =98 % (HPLC) (Sigma Aldrich, Ger-
many), leucine 298 % (HPLC) (Sigma Aldrich, Germany),
lysine =98 % (TLC) (Sigma Aldrich, Germany), methio-
nine >99.5 % (NT) (Sigma Aldrich, Germany), phenylala-
nine >99.0 % (HPLC) (Sigma Aldrich, Germany), proline
>99 % (HPLC) (Sigma Aldrich, Germany), serine =99 %
(HPLC) (Sigma Aldrich, Germany), threonine >98% (HPLC)
(Sigma Aldrich, Germany), tryptophan =98% (HPLC) (Sig-
ma Aldrich, Germany) and valine =98% (HPLC) (Sigma
Aldrich, Germany), Acetone (c.p., Merck KGaA, Germany),
acetic acid (c.p., Vecton, Russia), n-butanol (analytically
pure, Vecton, Russia), ninhydrin (=98 % of LLC "Diaem",
Russia), ascorbic acid (=99 % Sigma Aldrich, USA).

Equipment

The moisture content of the crushed Rumex under-
ground organs was determined using the OHAUS MB27
moisture analyzer (OHAUS, USA). The extract from the

plant material was applied on the chromatographic pla-
tes TLS Silica gel 60 F254 (Merk, Germany) 20 X 20 cm
using a microsyringe (LLC "Tsvet", Russia).

SF-2000 spectrophotometer (LLC "OKB Spectr”,
Russia); Stegler WB-4 water bath (Stegler, China), me-
chanical pipettes of 100-1000 pl, and of 1000-5000 ul
(Sartorius, Germany), analytical balance R200D (Sarto-
rius, Germany).

Sample preparation

To study the amino acid profile of the roots using
thin-layer chromatography (TLC), aqueous extracts were
prepared at a ratio of 1:5 (herbal raw material : extra-
ctant) from the roots of 12 analyzed samples. The extracts
were prepared by crushing 1.0 g of herbal raw mate-
rial into particles that passed through a 2 mm sieve,
followed by mixing with 5 ml of distilled water and heat-
ing in a water bath with a reflux condenser for 30 mi-
nutes [19]. After extraction, the extract was filtered.

For spectrophotometric analysis, aqueous extracts
were prepared according to the following method: 1.0 g
of herbal raw material was placed in a 250 ml flask and
25 ml of distilled water was added. The mixture was
then heated for 30 minutes in a boiling water bath with
a reflux condenser. The hot extract was filtered through
a small folded paper filter into a 100 ml flask; the filter
contaminated with particles was placed in a flask as well
for extraction. The extraction was repeated again under
the conditions described above, into the same flask. After
cooling, the extract was replenished to the volume of
100 ml.

To analyze the extracts, 2 ml of each extract or dis-
tilled water (for a blank solution) were combined with
4 ml of phosphate buffer solution (pH 6.4) and 2 ml of
1% ninhydrin solution, with 2 ml of 0.05 % ascorbic acid
solution in a separate 100 ml flask. The entire reaction
mixture was heated for another 30 minutes. After rapid
cooling, the mixture was replenished to its original
volume and analyzed spectrophotometrically (Figure 1).

RESULTS AND DISCUSSION

Qualitative determination:
method development

To determine the optimal sample size for the expe-
riment, a series of tests was conducted using a microsy-
ringe to apply analyzed extracts of varying volumes
(ranging from 1 to 10 pL) to chromatographic plates.
Our findings indicated that the visibility of spots was
compromised at sample volumes below 4 pL, while se-
paration efficiency was adversely affected at volumes
exceeding 7 pL. Therefore, the optimum sample volume
for the experiments is 5 uL.

Standard samples of AA were applied to chromato-
graphic plates in a volume of 1 uL, and elution was per-
formed twice in a pre-saturated chromatographic cham-
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Figure 1. Sample preparation for quantitative analysis of AA

ber utilizing a solvent system composed of n-butanol,
acetone, glacial acetic acid, and water (35:35:10:20)
with a solvent front of 18 cm. Spots were visualized by
spraying a 2% solution of ninhydrin (acetone: n-buta-
nol 1:1) onto the plate and drying it in a drying cabinet
at a temperature of 105 °C for a period of 15 minutes.
The AA in the studied extracts were identified by com-
paring the Rf values and spot colors to those of standard
samples (Figure 2).

The results of the study of AA profiles in the extracts
from R. confertus, R. crispus L., R. obtusifolius L., R. aquati-
cus L. via TLC are shown in Figure 3.

The chemical composition of different Rumex
species in the flowering phase has been found to be
non-identical. Data collected revealed the presence of
2-4 chromatographic zones, which can be classified as
non-essential (alanine, serine) and essential (isoleucine,
methionine) amino acids. Notably, the richest AA profile
was observed in R. obtusifolius L., while the least diverse
was found in R. aquaticus L. Furthermore, isoleucine was
detected in the samples of R. confertus, R. obtusifolius L.,
and R. aquaticus L., while methionine was found in the
samples of R. confertus, R. crispus L., and R. obtusifolius L.
These findings imply that the examined types of herbal
raw material possess considerable potential for utiliza-
tion in different pharmaceutical domains.

The TLC profiles of R. confertus, R. crispus L., R. obtusi-
folius L., and R. aquaticus L. during the withering phase
show an increase in the number of chromatographic
zones, ranging from 5 to 8. The extract of R. confertus
exhibits an unidentified adsorption zone with an Rf va-
lue of 0.91+0.02, while the adsorption zone corre-
sponding to aspartic acid is present in R. obtusifolius L.

All the studied extracts display an unidentifiable zone
with an Rf value of 0.730 £ 0.02.

In the regrowth phase, R. confertus displays five
chromatographic zones, including an unidentified zone
with an Rf value of 0.91 + 0.02; however, the zone corre-
sponding to alanine disappears.

In R. crispus L. two additional adsorption zones cor-
responding to aspartic acid and phenylalanine ap-
pear, meanwhile in R. obtusifolius L. the zone with an
Rf value of 0.73 £0.02 disappears. Notably, R. aquati-
cus L. has the most diverse profile among the four spe-
cies, featuring 8 chromatographic zones; compared with
the withering phase, an adsorption zone corresponding
to aspartic acid appears. Interestingly, only R. obtusi-
folius L. retains an unidentified adsorption zone with
an Rf value of 0.73+0.02 throughout the regrowth
phase.

Isoleucine, methionine, alanine, serine and lysine
were found in all of the analyzed samples; four of these
AA are essential. The TLC profiles of the aqueous extracts
of the roots of R. crispus L. and R. aquaticus L. during the
withering phase are identical, whereas R. confertus has
an additional adsorption zone during flowering, and
R. obtusifolius L. has an additional zone attributed to
aspartic acid.

The total content of AA was assessed using spectro-
photometry after the ninhydrin reaction at a wavelength
of 568 nanometers in a 10 mm cuvette (Figure 4).

The total content of free AA (%), expressed as the
equivalent of glutamic acid, and the moisture-free herbal
raw material (X), was calculated using the following
formula:
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Figure 2. Scheme of TLC- method for the detection of AA

A-100-100-d,-2-100-100  A-d, -50-100
A, -a-2-200-100-(100—-W) A, -a-(100—W)’

where A - optical density of the test solution; A - opti-
cal density of the standard solution of glutamic acid; a -
sample weight (raw materials), g; a, - standard sample
weight (glutamic acid), g; W- weight loss during drying
of raw materials, %.

The results of the spectrophotometric analysis are
presented in Table 2 and graphically represented in
Figure 5 below.

In R. confertus, R. aquaticus L., and R. obtusifolius L.,
the maximum total content of AA is observed during
the withering phase. Conversely, R. crispus L. exhibits
the highest total AA content during the regrowth pha-

Boiling water bath

Folded filter

Drying cabinet /
o ®
& e
°
(@] @
) m— |2
P @
| e | ® o
i ®
e
e~

se, while R. obtusifolius has the highest total AA con-
tent across both the flowering and withering phases.
Notably, R. confertus has the lowest total content
of AA throughout all phases of vegetation. It is interes-
ting to note that all four species share a common trend
of having the minimum amount of AA during the flo-
wering phase.

Previous studies [22, 23] have shown that members
of the Rumex genus display the highest total content
of phenolic compounds (anthracene derivatives and
flavonoids) during the flowering phase. Given that AA
act as material for synthesis of secondary metabolites,
it can be assumed that the lowest content of AA during
the flowering phase and accumulation of bioactive
compounds display a negative correlation.
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Figure 3. TLC- profiles of AA for R. confertus, R. crispus L., R. obtusifolius L., R. aquaticus L. in the flowering period, regrowth period and
withering period

Figure 4. Spectra of the analyzed objects after reaction with ninhydrin
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Figure 5. Comparison of R. confertus, R. crispus L., R. aquaticus L. and R. obtusifolius L.

Table 2. Results of spectrophotometric analysis for R. confertus,
R. crispus L., R. aquaticus L. and R. obtusifolius L in %

Object opt:\c‘;ell;:g:sity X, %

Regrowth phase object

R. confertus 0.033 0.050 + 0.004

R. crispus L. 0.969 1.469 + 0.306

R. aquaticus L. 0.251 0.381 £ 0.046

R. obtusifolius L. 0.371 0.562 +0.051
Flowering phase object

R. confertus 0.020 0.030 +0.001

R. crispus L. 0.134 0.203 +£0.036

R. aquaticus L. 0.057 0.087 +0.420

R. obtusifolius L. 0.183 0.278 +0.016
Withering phase object

R. confertus 0.147 0.222+0.015

R. crispus L. 0.099 0.150 £ 0.003

R. aquaticus L. 0.363 0.550 + 0.040

R. obtusifolius L. 0.632 0.957 £+ 0.644

CONCLUSION

During the flowering phase, R. obtusifolius L. has the

most diverse AA profile, and R. aquaticus L. the least.
The highest total content of AA is in R. obtusifolius L., the
lowest in R. confertus.

REFERENCES

1.

Mavrina P.O., Adamov G.V., Malankina E. L. Effect of alanine on
accumulation of phenolic compounds in the leaves of chicory
(Cichorium intybus L.). Vegetable crops of Russia. 2023;(5):62-67. (In
Russ.) DOI: 10.18619/2072-9146-2023-5-62-67.

PopovaE. A., Pungin A. V. The effect of amino acids on the content
of biologically active substances of the culture of the bearded
roots of Hyssopus officinalis L. ChemBioSis. 2022. P. 33-33. (In
Russ.). DOI: 10.21603/chembioseasons2022-31.

Trovato M., Funck D., Forlani G., Okumoto S., Ami R. Editorial:
Amino Acids in Plants: Regulation and Functions in Develop-
ment and Stress Defense. Frontiers in Plant Science. 2021;12. DOI:
10.3389/fpls.2021.772810.

Gampe N., Ladocsi L., Fejés |., Boldizsar I, Darcsi A., Béni S. Enan-
tioseparation and quantitative determination of two homologous
beta amino acids found in Fabaceae plants. Journal of Chroma-
tography A. 2022;1675:463089. DOI: 10.1016/j.chroma.2022.463089.
Yunuskhodzhaeva N.A., Abdullabekova V.N., Ibragimova K.S.,
Mezhlumyan L.G. Amino-acid composition of Urtica dioica
leaves and Polygonum hydropiper and P. aviculare herbs.
Chemistry of Natural Compounds. 2014;50:970-971. DOIl:
10.1007/s10600-014-1137-z.

Serebryanskaya T.S., Nikolayeva G. G. The analysis of free amino
acids of water extraction of herbal composition with neuropro-
tective action. Acta Biomedica Scientifica. 2010;2:213-215. (In Russ.)
Scriabina E.N., Galishevskaya E.E., Belonogova V.D., Amino
acids of plants of the genus Melampyrum L. Medical almanac.
2012;5:206-208. (In Russ.)

Khasanova S. R., Kudashkina N. V., Trofimova S.V., Faizullina R.R.,
Bulgakov T.V., Gritsaenko D. I., Shakirova F. A. Study of amino acid
composition of some wildplants flora of Bashkortostan. Bashkir
Chemical Journal. 2013;20(1):108-110. (In Russ.)

Batista-Silva W., Heinemann B., Rugen N., Nunes-Nesi A., Arau-
jo W. L., Braun H. P, Hildebrandt T. M., The role of amino acid me-
tabolism during abiotic stress release. Plant, cell & environment.
2019;42(5):1630-1644. DOI: 10.1111/pce.13518.

Bagir H.A., Zeboon N.H., Al-Behadili A.A.J. The role and im-
portance of amino acids within plants: A review. Plant Archives.
2019;19(2):1402-1410.

Hildebrandt T. M., Nesi A.N., Aratdjo W.L., Braun H.P., Amino acid
catabolism in plants. Molecular plant. 2015;8(11):1563-1579. DOI:
10.1016/j.molp.2015.09.005.

Trineeva O.V., Sinkevych A.V., Slivkin A.l., Safonova E.F. A study
of the amino acid profile of extracts from herbal raw materials
using a two-dimensional thin layer chromatography (TLC) me-
thod. Sorption, and chromatographic processes. 2014;14(3):530-536.
(In Russ.)


https://doi.org/10.18619/2072-9146-2023-5-62-67
https://doi.org/10.21603/chembioseasons2022-31
https://doi.org/10.3389/fpls.2021.772810
https://doi.org/10.1007/s10600-014-1137-z
https://doi.org/10.1111/pce.13518
https://doi.org/10.1016/j.molp.2015.09.005

20.

Trineeva O.V., Safonova E.F., Sinkevich A.V., Slivkin A.l. TLC de-
termination of amino acids in raw medicinal-plant materials (nett-
le leaves and sea buckthorn fruits). Pharmaceutical Chemistry Jour-
nal. 2015;49(5):37-41. (In Russ.)

Trineeva O.V., Rudaya M. A,, Slivkin A.l., Dubovitsky M. A. Study
of the profile of free amino acids of sea buckthorn fruits of
various varieties by thin layer chromatography. Sorption and
chromatography processes. 2020;20(2):277-283. (In Russ.) DOI:
10.17308/sorpchrom.2020.20/2783.

Imachueva D.R., Serebryanaya F.K. The results of the compara-
tive amino acid analysis of species of hedysarum growing in the
North Caucasus. Kursk Scientific and Practical Bulletin “Man and His
Health”. 2020;(1):82-88. (In Russ.) DOI: 10.21626/vestnik/2020-1/10.
Nedil'’ko O.V., Yanitskaya A.V. The study of amino acid content
of glycyrrhiza glabra overground and underground parts.
Khimiya Rastitel'nogo Syr'ya. 2020;1:251-256. (In Russ.) DOI:
10.14258/jcprm.2020014678.

Bakova E. Yu., Plugatar Yu. V., Bakova N. N., Konovalov D. A. Mine-
ral and amino acid composition of the leaves of Myrthus Commu-
nis L. Khimiya Rastitel'nogo Syr'ya. 2019;3:217-223. (In Russ.) DOI:
10.14258/jcprm.2019034917.

Tokhsyrova Z. M., Nikitina A.S., Popova O. l. Aminoacids of shoots
of rosemary (Rosmarinus officinalis L.), introduced in the botanical
garden of Pyatigorsk medical-pharmaceutical institute. Pharma-
ceutical sciences. 2015;(2-15):3330-3332. (In Russ.)

Matvienko U.A., Durnova N.A. Karavaeva L.V, Romantee-
va Yu.V. Amino acid profile of herbs of some species of the
genus Astragalus L. Pharmacy. 2021;70(4):20-25. (In Russ.) DOI:
10.29296/25419218-2021-04-03.

Qureshi M. N., Stecher G., Bonn G.K. Quality control of herbs:
determination of amino acids in Althaea officinalis, Matricaria

21.

22.

23.

24,

25.

26.

27.

MemoOs! ananusa nekapcmeeHHbIX cpedcme
Analytical Methods

chamomilla and Taraxacum officinale. Pakistan Journal of Phar-
maceutical Sciences . 2014;27(3):459-462.

Oleshko, G.1, Yarygina, T.I., Zorina, E.V., Reshetnikova. Develop-
ment of a unified method for the free amino acids quantification
in herbal raw materials and extraction drugs. Pharmacy. 2011;3:14-
17. (In Russ.)

Turtueva T.A. Nikolaeva G.G. Gulyaev S.M., Zhalsanov Yu.V.
Amino acid composition of Astragalus Membranaceus (fish.) bun-
ge roots. BSU bulletin. Medicine and pharmacy. 2013;12:75-77.
(In Russ.)

Dobrina Yu. V., Maltseva A. A., Sorokina A. A., Slivkin A.l. Amino
acid composition of the leaves and fruits of chinese magnolia
vine (schizandra chinensis) growing in the Voronezh region. Phar-
macy. 2016;63(6):16-20. (In Russ.)

Zarubina N.V., Popov D.M. Amino acid composition of linden
flowers and leaves. Pharmacy. 2012;5:21-23. (In Russ.)

Reut A.A. Mironova L.N. Investigation of the elemental and
amino acid composition of plant raw materials of some represen-
tatives of the genus Paeonia L. Subtropical and decorative garde-
ning. 2013;48:200-203. (In Russ.)

Poluyanov A.M., Sokolova A.Yu., Malashenko E.A. Serguno-
va E.V. Bobkova N.V. Isolation, Identification and Quantitati-
ve Determination of Anthracene Derivatives by HPLC-UV Method
in the Raw Materials of Some Representatives of the Genus Rumex
of Three Vegetation Times. Drug development & registration.
2022;11(4):216-225. DOI: 10.33380/2305-2066-2022-11-4-216-225.
Poluyanov A. M., Sokolova A.Yu., Koynova A., Kulikova S.D., Ma-
lashenko E. A., Bobkova N.V. Identification and Quantitative De-
termination of Flavonoids by HPLC-UV Method in the Raw Ma-
terials of Some Representatives of the Genus Rumex of Three Ve-
getation Time. Drug development & registration. 2023;12(3):134-
142.DOI: 10.33380/2305-2066-2023-12-3-134-142.

127


https://doi.org/10.14258/jcprm.2019034917
https://doi.org/10.29296/25419218-2021-04-03
https://doi.org/10.33380/2305-2066-2022-11-4-216-225

	Кнопка 1047: 
	Кнопка 1050: 
	Кнопка 1053: 
	Кнопка 1054: 
	Кнопка 1055: 
	Кнопка 1056: 
	Кнопка 1059: 
	Кнопка 1061: 
	Кнопка 1048: 
	Кнопка 1057: 
	Кнопка 1058: 
	Кнопка 1060: 
	Кнопка 1062: 
	Кнопка 1063: 
	Кнопка 1070: 
	Кнопка 1049: 
	Кнопка 1051: 
	Кнопка 1052: 
	Кнопка 1064: 
	Кнопка 1065: 
	Кнопка 1066: 
	Кнопка 1067: 
	Кнопка 1068: 
	Кнопка 1069: 
	Кнопка 1072: 
	Кнопка 1073: 
	Кнопка 1074: 
	Кнопка 1071: 


