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Abstract

Introduction. As is known, the selection of optimal conditions for the analysis of extracts from medicinal plant raw materials (MPM), as well as
medicinal herbal preparations and pharmaceutical substances of plant origin, characterized by a complex variable composition of biologically
active substances (BAS) by TLC, presents certain difficulties. For the design of mobile phases for the separation of mixtures of BAS of plant origin,
in a thin layer of sorbent, the following approaches are used: literary sources; standard mobile phases; spot elution method; the scheme proposed
by the firm Camag (Switzerland); model "PRISMA"; variocameras and others. In foreign literature, there are publications on the generalization of the
available experimental data on the determination of various natural groups of BAS in objects of plant origin. However, such reviews did not reveal
the regularities of the chromatographic behavior of individual BAS in a thin layer, as well as the influence of various factors on the reproducibility
of R, values. The study of the possibility of a theoretical approach to the choice of optimal conditions for chromatography of groups of BAS of
different polarity, allowing them to separate, identify and quantify by TLC is a relevant and poorly developed area of chromatography in general.
Aim. The aim of this work was to develop a theoretical approach to the choice of optimal conditions for the chromatographic separation of various
groups of BAS of plant origin in a thin layer of sorbent.

Materials and methods. To study the regularities of chromatographic behavior in a thin layer of representatives of the main classes of BAS present
in MPM (amino acids, flavonoids, tannins, simple sugars, ascorbic acid, fat-soluble vitamins), the value of the main factor affecting the parameters
of the efficiency of the chromatographic process, the polarity of the eluent, was studied. As objects of research, we used ready-made chopped raw
material of nettle leaves, produced by a domestic manufacturer, that meets the requirements of regulatory documents, as well as sea buckthorn
fruits collected on the territory of the Voronezh region, according to the rules for harvesting MPM of various morphological groups in fresh and
dried form.

Results and discussion. The regularities of elution and mathematical models describing the chromatographic behavior of plant BAS in a thin
layer of sorbent have been established. Based on the totality of the results obtained, from the standpoint of the efficiency of the chromatographic
process, the optimal conditions for their TLC analysis were selected and theoretically substantiated. To study the qualitative composition of BAS
and to achieve a clear separation of zones on chromatograms, TLC methods were developed and tested on the studied MPM using simple, frontal
or two-dimensional chromatography.

Conclusion. It is shown that the determination and separation in a thin layer of the sorbent of hydrophilic and lipophilic BAS of MPM in the
presence of a joint requires different approaches and techniques. The paper proposes an algorithm for the selection of the mobile phase and
methods of chromatography of BAS of medicinal products. The revealed mathematical models describing the chromatographic behavior of BAS
will make it possible to select the conditions under which it is possible to determine the individual components of multicomponent mixtures
without preliminary separation. The developed methods for the determination of BAS can also be used for standardization and quality assessment
of other types of MPM, phytopreparations and pharmaceutical substances of plant origin.
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Pesiome

BBepeHue. Kak 13BeCTHO, Mof6op ONTMManbHbIX YCOBUI aHanu3a W3BNEYEHWI W3 JIEKAPCTBEHHOrO pacTtutenbHoro coipba (JIPC), a Takxke
NeKapCTBEHHbIX PAaCcTUTENbHbBIX NpenapaToB 1 GapMaLeBTUYECKUX CYyOCTaHLUIA PacTUTENbHOMO MPOVNCXOXAEHWSA, XapaKTePU3YIOLMXCA CIIOKHBIM
BapviabenbHbIM COCTaBOM Bmonornyeckn akTmeHbix BelecTs (BAB), meTtofom TCX npenctaBnAeT onpefeneHHble TPYAHOCTW. [INA KOHCTPYUpoBaHUA
NoABMKHbIX da3 ansa pasfeneHns cmecein BAB pacTutenbHoro NnpoucxoxpeHns B TOHKOM Cioe copbeHTa NMPUMEHAIOTCA Clefiylolmne NoAXoabl:
nuTepaTypHble NCTOYHMKM; CTaHAAPTHbIE NOABMXKHbIE (asbl; METOZ «3MIONPOBaHNA NATHA»; CXeMa, npeanoxeHHaa ¢upmon Camag (LLsenuyapua);
mogenb «[MPU3MA»; Bapuokamepbl v ap. B 3apybexHoit nutepaTtype BCTpeyaoTca nydavmkayuy no obo6LEeHNI0 MELWNXCA SKCNEPUMEHTaNIbHbIX
[aHHbIX MO OMpeAeneHunio PasfiIMuHbIX NPUPOAHbIX rpynn BAB B 06bekTax pacTutenbHoro npoucxoxpaeHna. OgHako B NofobHbIX 0b63opax He
BblfIBNIEHbl 3aKOHOMEPHOCTM XpoMaTorpaduyeckoro noseaeHva otaenbHbix BAB B TOHKOM croe, a Takke BAMAHME Pas3fiMYHbIX PaKTOPOB Ha
BOCMPON3BOANMOCTb BeNMUMH R. M3yyeHne BO3MOXHOCTU TeOpeTMYeCcKoro nofgxoaa K BbI6Opy ONTUManbHbIX YCNOBWIA XpomaTorpaduposaHus
rpynn BAB pas3fnmyHoi NonAapHOCTY, NO3BONAIOMUX NPOBECTU NX pa3faeneHne, MAeHTUUKaLMIO U KONMYecTBeHHoe onpefeneHne metogom TCX
ABNAETCA aKTyalbHbIM U Mano pa3paboTaHHbIM HanpaBeHem XpoMaTorpadum B LiEIOM.

Llenb. Lenbto HacToAwen paboTbl ABNANach pa3paboTka TeopeTnyeckoro noaxofa K BbIGOPY ONTUMAlbHbIX YCNOBWI XpomaTorpaduueckoro
pasfeneHus pasnnuHbix rpynn BAB pacTuTenbHOro NponcxoxneHvs B TOHKOM Clioe copbeHTa.

Matepuanbl n metoabl. 114 nccnefoBaHna 3aKOHOMEPHOCTeN XpomaTorpadpuyeckoro noBefeHnsa B TOHKOM Cloe npefcTaBuTeneil OCHOBHbIX
knaccoB BAB, npucytctylowmx B JIPC (aMUHOKMCNIOTHI, $naBoHOWMAbI, AyOWNbHble BellecTBa, MPOCTble caxapa, ackopbuHOBas KMUCNOTa,
KMPOPaCTBOPMMbIE BUTaMVHbI), BbINO U3yUYeHO 3HaUYEHVEe OCHOBHOTO GakTopa, BANAIOLLENO Ha NapameTpbl 3GpHeKTUBHOCTY XpoMaTorpapruyeckoro
npovuecca — NONAAPHOCTY 3Tl0eHTa. B KauecTBe 06bEKTOB UCCIIEA0BaHVIA UCMIONb30BaNV TOTOBOE M3MeNIbUEHHOE Cbipbe IMCTLEB KPanvBbl BYLOMHO,
BbIMyCKaeMoe OTeYeCTBEHHbIM MPOU3BOAUTENEM, COOTBETCTBYLIee TPeGOBaHUAM HOPMATVMBHOW [JOKYMEHTaLUMW, a TakKe Miofbl obnenuxu
KPYLUMHOBUAHOW, CObpaHHble Ha TeppuTopun BopoHexckoi obnacTy, cornacHo npasunam 3arotosku JIPC pasnnyHbix MOpdOonornyeckux rpynn B
CBEXEM U BbICYLUEHHOM BUAeE.

Pe3synbTaTbl U 06cyKAeHNe. YCTaHOB/EHbl 3aKOHOMEPHOCTU 3MI0MPOBaHWA 11 MaTeMaTUYeCcKue MOAENH, onuncbiBalolye XpomaTorpadunyeckoe
nosefieHNe pacTuTenbHbix BAB B TOHKOM cnoe copb6eHTa. 10 COBOKYMHOCTU MOMYYEHHbIX Pe3ynbTaToB C MNO3ULMIA 3GPEeKTUBHOCTM
XpomaTorpaduyeckoro npouecca 6oy BbiOpaHbl 1 TeOpeTMYeckr 060CHOBaHbI ONMTMMarnbHble ycnosua ux TCX-aHanusa. [na uccnepoBaHus
KauecTBeHHOro coctaBa BAB 1 [OCTVKeHWA YeTKOro pasfeneHus 30H Ha XpomaTorpammax paspaboTaHbl 1 anpobupoBaHbl Ha r3yyaemom JIPC
TCX-MeToAMKM C NPUMeHeHNeM NPOCTOro, POHTaNbHOIO UK BYMEPHOrO XpoMaTorpaprpoBaHus.

3aknioueHune. okasaHo, YTO OMpepeneHne ¥ pasfeneHne B TOHKOM cfoe copbeHTa ruapodunbHbix U nunodunbHbix BAB JIPC npwm
COBMECTHOM MPUCYTCTBMU TpebyeT pasNnyHbIX MOAXOAOB U NpuemMoB. B paboTe npeanoxeH anropuTv Bbibopa NMOABMKHON dasbl 1 NpremMoB
xpomatorpadpuposanua BAB JIPC. BbiaBneHHble MaTemaTvyeckne mopenu, onvcbiBawowme xpomatorpaduyeckoe nosepeHvie bAB, nossonAr
noabupaTb ycnoBusA, B KOTOPbIX BO3MOXHO OMNpefenATb OTAENbHble COCTaBAAIOLME MHOTOKOMMOHEHTHbIX cMecell 6e3 npeaBapuTenbHOro
pa3sfeneHus. PaspaboTtaHHble MeToAMKK onpegeneHna BAB MoryT 6biTb Takke MCMONb30BaHbl ANA CTaHAAPTM3aUMM 1 OLIEHKU KayecTBa ApYrux
Bugos JIPC, putonpenapaToB 1 papmMaLieBTUYECKMX CyOCTaHLMIA PACTUTEIbHOMO NPOVCXOXKAEHUA.

KnioueBble cioBa: TOHKOCIOMHaA XxpomaTorpadus, NoNAPHOCTb 310EHTa, BUONOrMYeCcKN akTBHbIE BeLLeCcTBa PacTUTENbHOTO MPOUCXOXKAEHNA

KoHpnuKT nHTepecoB. ABTOp fieKnapupyeT OTCYTCTBME ABHbIX W MOTEHLMaNbHbIX KOHPIMKTOB MHTEPECOB, CBA3aHHbIX C MybnunKaumei HacToALweln
cTatbm.

Bknap aBTOpPOB. ABTOp ocywecTsnan 0630p nunTepaTtypbl, ero cuctemMaTnsaumio N aHanaus, NpPoBOAUN SKCNEPUMEHTallbHble NCCneaoBaHuA, a
TaKXe Hanncan TekCT CTaTbu, B TOM Yncne 3aknoyeHmne n O6Cy)K£l,€HI/IE pe3ynbTaTtos.

Ona yntnpoBaHusa: TpuHeesa O. B. PazpaboTka TeopeTnyeckmx NoAXOA0B K ONpeAesieHnio OCHOBHbIX Fpynn 6UONOrMyecky akTYBHbIX BELLeCTB
NnekapCcTBEHHOro pacTUTeNbHOro cbipba MeTopom TCX. Paspabomka u peaucmpayus nekapcmeeHHoix cpeocms. 2021;10(2):69-79. https://doi.
org/10.33380/2305-2066-2021-10-2-69-79

INTRODUCTION

are used: literature sources; standard mobile phases;

C e 1 . “spot elution” method; the scheme offered by compan
In scientific literature, examples of a theoretical P y pany

approach how to solve tasks of multicomponent mixture
separations [1-4] with TLC method have been long
known and described. The selection of optimal conditions
for the analysis of extractions from medicinal plant raw
materials (MPM), as well as, herbal medicinal products

Camag (Switzerland); model “PRISMA”"; vario chambers [1-
3], etc. In practical work, using mobile phases obtained
from literature sources for separation of a definite group
of compounds, the following should be considered:
sorbent type; sorbent brand; thickness of sorbent layer;

and pharmaceutical substances of plant origin which,
as it is known, have a complex variable composition of
biologically active substances (BAS). For formation of
mobile phases for separation of BAS mixtures of plant
origin in a thin sorbent layer, the following approaches

conditions for plate rinsing and activation prior to work;
type of an elution chamber; chamber saturation; chamber
saturation time, and in some cases, plate saturation time;
air temperature and relative humidity of laboratory
facility; presence and contents of stabilizers in diluents.



Only when all abovementioned factors are considered,
separation with adequate resolution and selectivity may
be performed. The scheme offered by company Camag
and model "PRISMA" are most widely used [5].

The scheme for optimal selection of mobile phase
composition offered by company Camag includes four
stages: test mixture on the first stage is separated in 12
diluents with various strengths. On the second stage, the
strength of the diluent which has led to separation of
mixture components and water or n-hexan, is increased
or decreased. On the third stage, if necessary, an acidic
or base modifier is added. On the fourth stage; elution
system with optimal selectivity is chosen based on
variation of components of the mobile phase obtained on
the third stage [5].

Model "PRISMA" was developed by Sh. Neyredy for
selection and optimization of elution systems in direct
phase and reversed phase planar chromatography. The
model represents a three-dimensional variant of the
Snyder triangle being the prism base. The model gives the
principal opportunity, combining with the formulation -
2-5-component eluent, to separate test mixtures with a
high resolution and selectivity. In practical work, mixture
of diluents taken in ratio (1:1:1) is initially tested, and if Rf
values of test mixture components are within the range
above 0.7, then n-hexan is added to a four-component
eluent, and if R, is <0.2, water is added to the eluent.
Then selectivity is tested in points 8:1:1, 1:8:1 and 1:1:8.
If obtained results of mixture separation are satisfactory,
separation selectivity will be tested in points 7:2:1,2:7:1
and 1:2:7, and in the neighboring areas, achieving the
best selectivity and efficiency of the separation. After
the optimal ratio of eluent components is found, an
additional optimization (by selectivity and resolution,
increasing or decreasing eluent’s strength and/or amount
of the modifier) may be performed [5].

Foreign literature also contains publications sum-
marizing available experimental data on determination
of various natural BAS groups in herbal objects [6-12].
However, the patterns of chromatographic behavior
of separate BAS in a thin layer, as well as, influence of
various factors on reproducibility of Rf values are not
found.

The disadvantages of such approaches may inc-
lude: the absence of gas phase accountability in a chro-
matographic chamber; difficulties in separation of
strongly polar compounds which include most groups
of plant BAS; divergence between estimated data and
results obtained in practice [5], as well as duration and
complexity.
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The investigation of the possibility to use a theoretic
approach to the selection of optimal conditions for chro-
matography of BAS groups of various polarity allowing to
separate, identify and quantify them with TLC method is
a relevant and poorly developed field in chromatography
in general.

Due to the abovementioned, the development of a
theoretic approach for the selection of optimal conditions
of chromatographic separation of various groups of
herbal BAS in a thin sorbent layer.

MATERIALS AND METHODS

To investigate patterns of chromatographic behavior
in a thin sorbent layer of substances from the main
classes of BAS present in MPM [amino acids, flavonoids,
tannins, simple ascorbic acid,
vitamins (FSV)], the value of the main factor influencing
efficiency parameters of the chromatographic process -
eluent polarity (P) was examined.

As reference samples for identification of pat-
terns of chromatographic behavior of the main repre-

sugars, fat-soluble

sentatives of various BAS groups, commercially avai-
lable individual substances were used: a-tocopherol
(=97 %, ICN Biomedical, USA), rutin (=94 %, Sigma,
USA), retinol acetate (FS 42-7811-97), ergocalciferol
(FS 42-0008018000), B-carotene (VFS 42-0008018000),
tanin, gallic acid, quercetin, simple sugars (rhamnose,
glucose, xylose, fructose), ascorbic acid (AsA), amino
acids (proline, glycine, glutamic acid, methionine,
phenylalanine, (=98 %,
CJSC "Vekton", Russia). As reference samples for
identification of patterns of chromatographic behavior
of the main representatives of various BAS groups,
commercially available individual substances were
used: a-tocopherol (=97 %, ICN Biomedical, USA), rutin
(=94 %, Sigma, USA), retinol acetate (FS 42-7811-97),
ergocalciferol (FS 42-0008018000), B-carotene (VFS
42-0008018000), tanin, gallic acid, quercetin, simple
sugars (rhamnose, glucose, xylose, fructose), ascorbic
acid (AsA), amino acids (proline, glycine, glutamic
acid, methionine, phenylalanine, arginine, valin,
leucine) (=98 %, CJSC "Vekton", Russia). Analytical
pure grade and chemically pure reagents and diluents
(CJSC "Vekton", Russia) meeting the requirements
of corresponding regulatory documents were used

arginine, valin, leucine)

in the work. High performance chromatographic
plates Sorbfil PTSH-AF-A and PTSH-AF-V 10 x 10 cm in
dimensions (sorbent type: silicagel STH-1A, STH-1VE;
granulation: 5-17, 8-12 uym; layer thickness: 90-120, 80—
100 um, respectively; binder: silicasol) were used in the

/1
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experiment. Samples were applied with microsyringes
(MSh-1 and MSh-10, Russia).

The developer allowing to obtain a stable staining
with BAS group separation was selected with regards
to the analysis of literature sources [1-13]. BAS areas
on chromatograms were found when chromatograms
were spayed with a developing reagent solution with a
sprayer.

The developed theoretical approaches to separation
of studied BAS groups were tested, identified,
quantified using medicinal plants materials of common
nettle as a species - a source of hydrophilic BAS groups
and MPM of sea buckthorn containing a vast range
of lypophilic nature. As research objects, we used a
finished granulated raw material of nettle leaves (Folia
Urticae) produced by the domestic manufacturer that
meets the requirements of regulatory documents,
as well as sea buckthorn fruits (Fructus Hippophaae.
rhamnoides) collected on the territory of the Voronezh
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region according to the rules for harvesting MPM of
various morphological groups in fresh and dried form.
Fruits were dried at temperature 60 °C up to residual
moistness not above 14 %.

RESULTS AND DISCUSSION

The selection of diluents differing both by strength
and selectivity is rather huge [1-3]. The work was
performed on selection of eluents for determination
of main natural BAS groups (on the example of
main representatives) in a thin sorbent layer. In the
experiment, over twenty types of eluting system were
investigated for tested BAS in a wide range of polarity,
and dependencies of between Rf value and system
polarity established (figure 1, a-c). The eluents offered
in the literature [13-18], as well as new chromatographic
systems were examined.
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Figure 1. The type of dependence of the R, value of BAS on the polarity of the eluent:

a - simple sugars, polyphenolic compounds, ascorbic acid; b - amino acids; c - fat-soluble vitamins



During the comprehensive investigation of system
polarity effect on Rf value for each individual BAS,
the range of eluent polarity values in which a linear
dependence was found, was determined (figure 2, a—c).
The summarized data is given in table 1.

Therefore, the pattern of elution and mathematical
models describing chromatographic behavior of plant
BAS in a thin sorbent layer were established (table 1). Using
these dependencies, various systems may be selected
for BAS determination so that R value falls within optimal
values, as well as, to predict possibility of separation of

Analytical Methods
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complex multicomponent mixtures at assigned value of
eluent polarity.

Based of the summary of obtained results, in the
context of efficiency of a chromatographic process
[height equivalent to a theoretical plate (H) and number of
theoretical plates (N), distribution coefficient (K)] optimal
conditions for chromatography of tested BAS were
selected and theoretically justified in a thin sorbent layer:
eluent, developer, sorbent, sample volume, sensitivity of
determination, system polarity. The summarized data is
given in table 2.

Table 1. Parameters of the established linear dependences of the R, value of the BAS on the P system (where y =R, and x=P)

Ne BAS Linearity range R? Linear equation System P r;::’g:h::: optimum
Lipophilic BAS
1 [3-carotene 0-2.0 0.9756 y=2.5383x+0.1729 0.05-0.17
2 Ergocalciferol 0.58-1.10 0.9701 y =1.0455x - 0.5100 0.77-1.06
3 Retinol acetate 0.73-1.10 0.9907 y=0.3880x — 0.0847 0.20-1.10
4 a-tocopherol 0.40-1.10 0.9830 y=0.9647x - 0.2976 0.62-0.93
BAS of hydrophilic nature

5 Routine 4.90-6.30 0.9740 y=0.4762x - 2.1095 5.06-5.69
6 Ascorbic acid 4.0-4.70 0.9850 y=0.7524x -3.0127 4.40-4.80
7 Arginine 3.90-8.01 0.9545 y=0.1293x - 0.5408 6.50-8.82
8 Glycine 3.90-5.54 0.9243 y =0.3074x - 1.2072 4.90-5.88
9 Glutamic acid 5.13-6.00 0.9615 y=0.6191x - 2.7941 5.00-5.48
10 Valin 3.90-5.27 0.9646 y=0.4669x — 1.8293 4.56-5.20
1" Leucine 3.90-5.27 0.9789 y=0.5433x - 2.1007 4.42-497
12 Methionine 3.90-5.27 0.9817 y=0.4770x - 1.8580 4.52-5.15
13 Proline 3.90-5.54 0.9056 y=0.2982x - 1.1963 5.02-6.02
14 Phenylalanine 3.90-5.27 0.9851 y =0.5243x - 2.0039 4.39-4.97
15 Glucose 5.13-6.33 0.9616 y=0.2321x-0.7789 4.65-5.94
16 Xylosis 4.42-5.22 0.9727 y =0.0750x + 0.1409 2.12-6.12
17 Rhamnose 3.54-4.64 0.9937 y=0.4367x-1.3736 3.83-4.52
18 Gallic acid 3.54-5.36 0.9777 y=0.0827x + 0.5407 [o0.72
19 Quercetin 4.89-5.36 0.9529 y=0.8792x - 4.0492 4.95-5.29
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Figure 2. Linear dependences of the R, value of BAS on the polarity of the eluent:

a - simple sugars, polyphenolic compounds, ascorbic acid; b - fat-soluble vitamins; c - amino acids

The main parameters reflecting efficiency of chroma-
tography of BAS tested with TLC method in the systems
described in table 2 are given in table 3.

Thus, the studies carried out have shown that
the definition and separation in a thin layer sorbent
hydrophilic and lipophilic BAS LRS at the joint presence
requires different approaches and techniques. The
proposed algorithm for the selection of the mobile
phase and methods for the chromatographic analysis of
biologically active substances of medicinal products is
shown in figure 3.

To investigate a qualitative composition of BAS
and achievement of a clear separation of areas on
chromatograms, the developed TLC methods with a
simple, frontal or two-compartmental chromatography

have been tested on the tested MPM. The results are
given in table 4.

For quantification of BAS in the tested MPM present
together with various variations of the developed TLC
methods used on the next stage immediately after
development of chromatographic areas on calibration
chromatograms with batches of reference solution, plates
are scanned and treated with computer program Sorbfil.
Videodensitometer (CJSC “Sorbpolymer”, Russia). The
linear dependencies were established between contents
of BAS (x) and chromatographic area (y) in the range of
test concentrations. The developed methods of TLC
data quantification were tested on the tested MPM. The
method characteristics and determination results are
given in table 5.
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Table 2. Characteristics of the developed methods of separation and identification of the studied BAS in a thin layer of sorbent

Analysis conditions
Ne BAS
Eluent Detection reagent R, P Dt'ete.ctlon
limit, g
Lipophilic BAS
1 [-carotene hexane : benzene (29:1) - 0.38+0.01 0.10 1-10°
0 i -
2 Ergocalciferol hexane : chloroform (4:1) 3% aICOhO.I soI.utlon of phos 0.35 +0.01 0.88 7-10°
phoromolybdic acid
10 % alcohol solution of phos-
3 Retinol acetate hexane : chloroform (3:1) phoromolybdic acid with concent-| 0.36 £ 0.01 1.10 1-107
rated hydrochloric acid (25:1)
4 a-tocopherol chloroform concentrated nitric acid 0.59 +£0.02 4.40 1-10°¢
eluent 1 (run height 8 cm) -
5 Fat solubile vitamins | hexane : chloroform (19:1); 5% alcohol solution phospho- _ eluent 1-0.22; B
with joint presence eluent 2 (run height 6 c¢cm) - |romolybdic acid eluent2-1.10
hexane : chloroform (3:1)
BAS of hydrophilic nature
6 Routine ethylac?tat.e : glacial acetic acid: 5 % alcohol solution of NaOH 0.46 £ 0.01 5.24 5-107
water (7.5:1.5:1.5)
5% alcohol solution of phos-
L ethylacetate : glacial aceticacid | phomolybdic acid or 0.2 % alco- 5
7 Ascorbic acid (85:15) hol solution of 2.6-sodium dichlo- 042001 4.59 4-10
rophenolindophenolate
8 Arginine 0.55+0.02 1-10®
9 Glycine 0.29 £0.02 1-108
10 Glutamic acid 0.68 +0.01 1-10®
1 Valin 0.11 £ 0.01 5-10%®
n-butanol : acetic acid : water 1% alcohol solution of nin- 513
(4:1:2) hydrin '
12 Leucine 0.34+£0.01 3.10%
13 Methionine 0.35+0.01 3.10%
14 Proline 0.52+0.01 10-10®
15| Phenylalanine 0.64 +0.02 3.10°®
16| Glucose 0.29 +0.02 2.5-10°
17 Xylosis n-butanol : glacial acetic acid: .sulfan|lam|de and o-phthalic 045 + 0.01 5.69 25.10°
water (4:1:2) acid
18 Rhamnose 0.55 +0.02 5.10°
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OkoHyaHue mabauuwi 2

Analysis conditions
Ne BAS
Eluent Detection reagent R, P De'te.ctlon
limit, g
L eluent 1 - 5
19 Gallic acid 0.83 +0.02 3-10
eluent 1 (run height 9 cm) - eluent 1 -
20| Quercetin diethyl ether : acetic acid : hexane: 0.08 £0.01; 1.10
ethyl acetate (20:20:20:40); 1% alcoholic solution of am-| eluent2- | eluent1-3.54;
eluent 2 (run height 7 cm) —| monium iron alum 0.84+0.02 | eluent2-9.68
ethyl acetate:formic acid:acetic
acid : water (67:7.5:7.5:18)
eluent 1 -
21| Tannin 0.15 £ 0.01; 5,5-107
eluent2 -
0.91 £0.01

Table 3. Parameters of the efficiency of chromatography

of the studied BAS by TLC

Ne BAS H, mm N K

1 B-carotene 0.78 108.97 0.38 £0.01
2 a-tocopherol 0.55 156.00 0.69 + 0.02
3 Routine 0.71 100.80 0.46 +0.01
4 Ascorbic acid 0.10 767.00 0.42 £0.01
5 Glucose 0.70 127.14 0.29+£0.02
6 Xylosis 0.42 211.90 0.45+0.01
7 Rhamnose 0.35 254.29 0.55+0.02
8 Arginine 0.44 179.55 0.11+0.01
9 Glycine 0.89 87.64 0.34£0.01
10 Glutamic acid 0.36 186.11 0.35+0.01
1 Valine 0.37 210.81 0.52£0.01
12 Leucine 0.17 458.82 0.64 +0.02
13 Methionine 0.35 222.86 0.55+0.02
14 Proline 0.30 256.67 0.29 +£0.02
15 Phenylalanine 0.65 116.92 0.68 + 0.01

Note. P - polarity of the system, calculated according to L. Snyder; DL - detection limit.

CONCLUSION

For quantification of BAS in the tested MPM present
together with various variations of the developed TLC
methods used on the next stage immediately after
development of chromatographic areas on calibration
chromatograms with batches of reference solution, plates
are scanned and treated with computer program Sorbfil.
Videodensitometer (CJSC “Sorbpolymer”, Russia). The
linear dependencies were established between contents
of BAS (x) and chromatographic area (y) in the range of
test concentrations. The developed methods of TLC
data quantification were tested on the tested MPM. The
method characteristics and determination results are
given in table 5.

The developed new, easy to use, economically
available, express methods for separation, identification
and quantification of BAS with various variations of high
performance thin layer chromatography can be also
used for standartization and evaluation of other MPM
types (tested on the example of common nettle and sea
buckthorn frutis), herbal preparation and pharmaceutical
substances of plant origin.
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Complex of biologically active substances of medicinal plant raw materials

|

Hydrophilic fraction I

!

Isolation by extraction with water
and alcohol-water mixtures 70 %

Polar eluents (4.0 <P <7.0)

!

\
Lipophilic fraction

!

Isolation by non-polar extractants,
alcohol-water mixtures (70 % or more)
and fatty vegetable oils

L

Non-polar eluents (0 <P < 1.2)

|

Theoretical calculation of the value of R, depending on the value of the polarity of the system based
on the established dependences when using the normal-phase version of TLC

|

Separation of BAS is possible
(L>1.0)

Simple chromatography

!

(L>1.0

Separation of BAS is impossible

Separation using two-dimensional or chronal (stepwise)
chromatography techniques

v

Development of methods for quantitative assessment of HPTLC data

Figure 3. Algorithm for the selection of the mobile phase and methods for the chromatographic determination and separation
of BAS of MPM (L is the coefficient of selectivity of sorption, showing the efficiency of separation of zones on chromatograms

in TLC)

Table 4. Identification of BAS zones on chromatograms of extracts from MPM

Research objects

acid, valine, leucine, phenylalanine

Ne BAS
Nettle leaves Dried sea buckthorn fruits Fresh sea buckthorn fruits
. i . . . i Oxalic, tartaric, citric, malic, ascor- Oxalic, tartaric, malic, ascorbic
1 Organic acids Oxalic, tartaric, ascorbic acid R R .
bic acid acid

2 Flavonoids Rutin, quercetin Rutin, hyperoside, quercetin

. . Arginine, proline, glycine, glutamic Arginine, proline, glycine, glutamic Proline, glycine, glutamic acid,
3 Amino acids ] p gly g g p gly g gly [¢]

acid, leucine, phenylalanine

leucine

4 Tannins

Tannin, gallic acid

Gallic acid

5 Simple sugars

Glucose, xylose, rhamnose
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Table 5. Parameters of the developed TLC methods for identification and quantitative determination
of biologically active substances in medicinal product (in terms of absolutely dry raw materials)

BAS determination results, %
Ne BAS Lmearlt){ rTnge, R? Linear equation
mg/m Dried sea buckthorn
Nettle leaves .
fruits
1 Ascorbic acid 1.5-4.5 0.9941 y =9233.6x - 1550.1 0.053+£0.015 0.047 £0.001
2 Glutamic acid 0.5-3.5 0.9707 y=18190x + 13560 0.011 £ 0.001 0.330 £ 0.036
3 Quercetin 1.0-6.0 0.9916 y=3.6734x+1.1792 0.643 £ 0.040 -
0.5-4.5 0.9721 y=4.4805x + 0.7287
4 Tannin 0.724 £0.016 -
5.0-7.0 0.9531 y =6.0083x - 0.1537
0.3-1.5 0.9660 y=16.601x - 5.3268
5 Gallic acid 0.579 £ 0.056 0.041 £ 0.001
1.5-4.0 0.9154 y=4.8778x+13.128
6 Glucose 15.0-35.0 0.9947 y=16.327x - 158.66 14.070 + 1.263 35.569 + 3.446
7 Xylose 15.0-30.0 0.9744 y=3.7854x + 23.337 0.273 £ 0.056 MeHee 0.05 %
8 Ramnose 10.0-30.0 0.9734 y=3.3692x + 8.744 2.315+0.131 1.705 + 0.098
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