rganic and Original Research opeN () AccEss
[] . "
rarmaceutical Fetpfoph nuph.edu-ua
Chemistry

Journal of
&5)‘

UDC 543:615.2/.3

0. V. Rudakova, S. M. Gubar, N. M. Smielova, A. |. Kriukova, N. Yu. Bevz,
V. A. Georgiyants

National University of Pharmacy of the Ministry of Health of Ukraine,
53, Pushkinska str., Kharkiv, 61002, Ukraine

Selection of “Green” Conditions for Identifying Components
in a Combined Medicine by TLC/HPTLC Methods

Abstract

Aim. To select “green conditions” for identifying components in a combined medicine for the treatment of alcohol intoxication.
Materials and methods. Thin-layer chromatography and high-performance thin-layer chromatography methods were used.
An analytical GREEnness calculator was applied to assess the environmental friendliness of the analytical procedure.
Results and discussion. The choice of mobile and stationary phases that comply with the principles of “green chemistry” and
can be used to detect glutamic acid and glycine in the composition of a combined medicine has been substantiated. It has
been determined that by the indicators R, R,, 4R, a, N, H the most effective for the division is the ethanol (96 %) — water
(70:30) mobile phase (the length of the solvent front is 10 cm, the application volume is 5 uL), which allows, in addition to
amino acids, to determine another prescription component — ascorbic acid. The conditions for identification of substances
by the high-performance thin-layer chromatography method (the length of the solvent front is 7 cm, the application volume
is 2 uL) have been selected. It has been found that to detect chromatographic zones, it is optimal to use ninhydrin solution
R1 with further heating of the plate at a temperature of 100—105 °C for 5 min. The specificity of determination of glutamic
acid, glycine and ascorbic acid in comparison with solutions of standard substances has been proven. While studying the
robustness of the method the influence of chromatographic conditions on the final result (influence of plate materials of
different manufacturers, chamber saturation, application volume, distance from the “start line” to “finish line”, influence of
the detection solution, the stability of analyte in solution and on the plate) has been researched. The precision of the method
on one and three plates of the same type has been studied; the intermediate precision has been researched. The calculated
assessment of greenness of the analytical procedure is 0.66.

Conclusions. As a result of the studies conducted, “green conditions” for identifying amino acids (glutamic acid, glycine), as
well as ascorbic acid in a combined medicine by thin-layer chromatography and high-performance thin-layer chromatogra-
phy methods have been selected. The validation characteristics of the method (specificity, robustness and precision) have
been studied.

Keywords: “green” chemistry; thin-layer chromatography; high-performance thin-layer chromatography; glycine; glutamic
acid; ascorbic acid
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Dob6ip «3eneHnx» ymoB ana iaeHTUPiKaLii KOMNOHeHTIB y KOM6iHOBaHOMY niKapcbKomy 3acobi
meTtogamu TLUX/BETLLX

AHoTaUin

Merta. Jobpatun «3eneHi» ymosu ana ineHTudikaLii KOMNOHEHTIB y CKNaAi KoMbBiHOBAHOro NiKapCbKoro 3acoby, npusHave-
HOrO A/1A NiKyBaHHA a/IKOrO/IbHOT IHTOKCUKaALLii.

Martepianu Ta metogu. Mia Yac LOCNiAKEHHA BUKOPUCTAHO METOAM TOHKOLLAPOBOI Ta BUCOKOE(DEKTUBHOT TOHKOLLIAPOBOI XpO-
matorpadii. 111 oLiHIOBaHHA €KONOTYHOCTI aHaMNITUYHOI METOAMKM 6Y10 3aCTOCOBAHO aHANITUYHWI KanbKynaTop « GREEnness».
Pe3ynbrati Ta ix o6roBopeHHA. O6rpyHTOBaHO BUBIp pyxomux ¢as, AKi BiaNosigaoTb NpUHLMNAM «3eneHoi XiMii» Ta Mmo-
KyTb BYyTU BUKOPUCTaHI ANA BUABAEHHA IyTaMiHOBOI KUCAOTU Ta MiLMHY Y CKNaAi KoMBiHOBaHOro nikapcbKoro 3acoby.
BusHadveHo, Wwo 3a nokasHukamu R, R, AR, a, N, H HalledekTuBHIWOO AN po3aineHHs e pyxoma dasa emaHosn (96 %) —
800a (70:30) (goBKMHa GPOHTY PO3UMHHMKA — 10 cm, 06’eM 1A HAHECEHHA — 5 MK/), KA A03BOASIE, OKPIM aMiHOKMUCAOT, Ta-
KO BM3HAYMTW LLe OAMH KOMMOHEHT NPOnucy — KUCAO0Ty ackopbiHosy. [libpaHo ymoBM oA BU3HAYEHHA PEYOBUH METOL40M

ﬂ ISSN 2308-8303 (Print) / 2518-1548 (Online)



Journal of Organic and Pharmaceutical Chemistry 2022, 20 (2)

BUCOKoe(hEeKTUBHOT TOHKOLWapPOoBOoi XpomaTtorpadii (40BKMHA PPOHTY PO3UMHHMKA — 7 €M, 06’em AN HAaHECEHHA — 2 MKA).
3’AcoBaHo, WO 415 BUABAEHHA XpomMmaTorpadiyHMx 30H ONTUMaNbHUM € BUKOPUCTAHHA HiH2IOpuHY po34yuHy P1 i3 noganb-
LWMM HarpiBaHHAM NAacTMHKM 3a TemnepaTypu 100—105 °C npoTtarom 5 xBunuH. [loseaeHo cneundivyHiCTb BUSHAYEHHA ry-
TaMiHOBOT KUCNOTU, MiLMHY Ta aCKOPHIHOBOT KMUCNOTM NPOTU PO3YMHIB CTAaHAAPTHUX PevyoBUH. Nig Yyac BUBYEHHA pobacHOCTI
METOAMKM JOCNIAKEHO BMNIMB YMOB NPOBEAEHHA XpomaTorpadyBaHHA Ha KiHLEBWI pe3ynbTaT (TMn Hepyxomoi ¢asu, HacK-
YyeHicTb Kamepu, 06’em HaHeceHHs, BiACTaHb Big NiHiT cTapTy A0 diHiWy, pO3YMH ANA BUABAEHHS, CTabiNbHICTb PO3UMHIB
[ONR HaHeceHHs). BUBYEHO NpeumsiiHiCTb METOAMKN Ha OAHIN Ta Ha 3-X NAACTUHAX OA4HOTO TUNY, AOC/AIAXKEHO BHYTPILWIHbO-
nabopaTopHy NpeuusinHicTb. Po3paxyHKOBaA OLiHKa «3€/1eHOCTI» aHaNiTUYHOT MeTOANKM CTaHoBUTb 0,66.

BUCHOBKM. Y pe3ynbTaTi NpoBeAeHUX AoCNiAKeHb 6yno AibpaHo «3eneHi» ymoBu ans ineHTUdiKauii amiHokucnor (rnyTa-
MiHOBOT KMCNOTU, TMiLMHY) Ta acKopbiHOBOI KMCNOTM B KOMBiHOBaHOMY fliKapcbKoMy 3acobi MeTogaMm TOHKOLLAPOBOT i BU-
coKoedeKTMBHOT TOHKOLLAPOBOi XxpomaTtorpadii, a TaKoX BMBYEHO BanidaLilHi XapaKTEPUCTUKU METOAMKN (cneumndidHicTs,
pobacHicTb Ta NpeuumsiiHicTb).

Knro4voei cnoea: «3eneHa ximia»; TOHKOWapoBa xpomaTorpadia; BucokoePeKTMBHa TOHKOLIAPOBa XxpomaTtorpadis; riuuH;

rnyTamiHoOBa KMCNOTa; aCKOp6iHOBa KMUCNOTa
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B Introduction

Nowadays pharmaceutical analysis of medi-
cines presupposes the use of chemical substanc-
es, solvents and reagents, which, of course, have
a negative impact on both the laboratory person-
nel and the environment. Quite often, a signifi-
cant volume of waste, including toxic organic sol-
vents, which require further processing and dispo-
sal, can also appear after carrying out the analysis.

Taking into consideration the increasing con-
cern of the society for the environment, modern
approaches to the pharmaceutical development
and research foresee the implementation of the
concept “Quality by design”, which means not the
use of the correct methods of drug quality con-
trol, but also taking into account modern demands
to these methods from the point of view of “green
chemistry”. The “green chemistry” principles are
aimed at diminishing the resources, energy costs,
time minimization, actions and operations dur-
ing the analysis, waste minimization and, where
possible, replacement of toxic chemicals with less
harmful and safer for people [1-5].

Amino acids used in medicine for treating me-
tabolic disorders, diseases of the gastrointestinal
tract, nervous system, etc., are common active
pharmaceutical ingredients of both mono- and
combined medicines. A considerable arsenal of
analytical methods is used to control the quality
of such medicines in modern pharmaceutical

analysis. However, chromatographic methods of
research, which are known to allow solving se-
veral issues of drug quality control at the same
time, play the main role [6, 7].

For example, thin-layer chromatography me-
thod (TLC) is an important pharmacopoeial ex-
press method for the identification and semi-
quantitative determination of amino acids [8—13].
Due to differences in the chemical structure of
the compounds analyzed, their solubility and po-
larity, they enter into a specific interaction with
the stationary and mobile phases, which causes
different speed of the substance transport [12].
This allows the simultaneous separation of both
amino acid mixtures, including enantiomers and
medicines, which are combinations of amino acids
with other active pharmaceutical ingredients.
In addition, the method is convenient and eco-
nomical.

High-performance thin-layer chromatography
method (HPTLC) is becoming more and more com-
mon nowadays as an alternative and more “green”
method for studying amino acids. Due to the use
of plates with a smaller particle size of the sorbent
(from 2 to 10 um), the effective chromatographic
separation is achieved using a smaller plate size,
application volume, and, accordingly, spending
less mobile phase volume [12, 13].

However, the procedure of carrying out the
research by TLC/HPTLC methods quite often
requires the use of toxic solvents both for the
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moving phase, the samples under study, and for
the identification of the chromatography zones
obtained [1, 3, 4]. The amino acid analysis is most
often performed in the system of the normal-phase
chromatography where combinations of silica gel
with two- or three-component mobile phases are
used for the research. One of the solvents is of-
ten acetone, methanol, acetic and formic acid,
sometimes with the addition of ammonia, pyri-
dine, chloroform, etc. [7, 12, 13].

One of the twelve principles of “green chemis-
try” supported by P. T. Anastas and J. C. Warner
in 1998 is the use of safer solvents and excipi-
ents. As a result, there has been a growing trend
in recent decades to use more environmentally
friendly alternative solvents in analytical re-
search [14].

An important issue of choosing a solvent is
the assessment of its environmental friendliness.
To date, there are numerous guidelines in the sci-
entific literature on the choice of solvents, which
provide recommendations for the choice of sol-
vents, taking into account their impact on the
environment, stability, flammability and explo-
siveness [3—5, 14, 15]. However, the use of envi-
ronmental assessment criteria requires special
tools that will allow obtaining an easily inter-
preted and informative result, especially for
comparing analysis methods. For this purpose,
a GREEnness analytical calculator is used; its
evaluation criteria are taken from the twelve prin-
ciples of “green chemistry”, transformed into a uni-
fied scale 0—1, and the final score is calculated
based on the principles of importance. The result
1s an icon indicating the final score, the effective-
ness of the analytical procedure for each criterion
and the user-assigned weights that are conve-
nient to use both when developing a new “green”
method of analysis and comparing it with the
existing methods [16].

In the modern scientific literature, scientific
publications that offer more “green” mixtures of
mobile phases for the amino acid analysis, inclu-
ding pure water, aqueous solutions of surfac-
tants, ethyl acetate, n-butanol, n-butyl acetate,
ethylene glycol, have been described. They may
become the dominant “green eluents” in the chro-
matographic analysis [7, 14].

However, taking into account the significant
variety of medicines with amino acids, the pos-
sible effects of active substances and excipients,
this issue still remains open.

Therefore, the selection of conditions for the
efficient separation of amino acids included into

the composition of combined medicines, which will
allow us to identify specifically the substances stu-
died and which will meet the principles of “green
chemistry”, is an urgent task of the research.

B Materials and methods

The study object was a combined original me-
dicine intended for the pharmacotherapy of alco-
hol intoxication. By its chemical composition it
is a mixture of amino acids with other substan-
ces in the form of an effervescent powder (two
sachets) for the preparation of oral solution (sa-
chet bag 1. glutamic, acetylsalicylic, ascorbic acids
and anhydrous citric acid, sorbitol; sachet bag 2:
glycine, sodium bicarbonate, sorbitol) [17, 18].

The research was carried out according to
the requirements of the European Pharmacopoeia
(EP)/the State Pharmacopoeia of Ukraine (SPhU),
2.2.27 “Thin-layer chromatography” [19, 20].
The identification procedure was performed si-
multaneously with the determination of its vali-
dation characteristics [19, 20].

A GREEnness analytical calculator for the
assessment of the analytical procedure’s green-
ness was also used [16].

Stationary phase

TLC-plates: TLC Silica gel (Supelco), alumi-
num plates; TLC Silica gel 60 (Merck), alumi-
num plates; Silica gel 60 (Merck), glass plates;
HPTLC-plates: HPTLC Silica gel 60 (Merck),
glass plates.

Verification of the separation ability of the
stationary phase for the identification was per-
formed as required by the EP/SPhU, 4.1.1 [19, 20].

Before using the plates were activated by
means of heating in an electric drying cabinet
(model “2 II1-0-01”) at a temperature of 120°C for
20 min [19, 20] to remove residual moisture, which
could reduce the sorbent activity.

Solvents and reagents

Water for chromatography and solvents of the
appropriate quality and purity meeting the re-
quirements of the EP/SPhU were used for the study.

Reference standards (RS)

The  substances of glutamic acid
(c. SLBS0553V, manufactured by Sigma Aldrich),
glycine (c. LRAA8813, manufactured by Sigma Al-
drich) and ascorbic acid (c. DYD2622000008, ma-
nufactured by Northeast Pharmaceutical Group Co.,
Ltd) were used as reference standards.

Test solutions (TS)

Test solution I (T'S-1). To 200 mg of powder
from sachet bag 1, equivalent to 25 mg of glutamic
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acid and 5 mg of ascorbic acid, add 15 mL of wa-
ter R. Sonicate in an ultrasonic bath at 50°C for
12 min and cool. Dilute to 25.0 mL with water R
and mix.

Test solution 2 (T'S-2). To 130 mg of powder
from sachet bag 2, equivalent to 10 mg of glycine,
add 15 mL of water R. Sonicate in an ultrasonic
bath at 50°C for 12 min and cool. Dilute to 25.0 mL
with water R and mix.

Reference solutions (RS)

Glutamic acid reference solution (RS-1). To 25 mg
of glutamic acid RS, add 15.0 mL of water R. Soni-
cate in an ultrasonic bath at 50°C for 12 min, cool.
Dilute to 25.0 mL with water R and mix.

Glycine reference solution (RS-2). Dissolve 10 mg
of glycine RS in water R and dilute to 25.0 mL
with the same solvent.

The mixture of glutamic acid and glycine re-
ference solutions (RS-3). To 25 mg of glutamic
acid RS and 10 mg of glycine RS, add 15.0 mL of
water R. Sonicate in an ultrasonic bath at 50°C
for 12 min, cool. Dilute to 25.0 mL with water R
and mix.

Ascorbic acid reference solution (RS-4). Dissol-
ve 5 mg of ascorbic acid RS in water R and di-
lute to 25.0 mL with the same solvent.

The type and configuration of the chro-
matographic chambers

To conduct the research, the chambers with
the split-performance of the firms “Sorbfill”
(19%19.5%6.5 cm) and “Camag” (27X7x26 cm)
were used.

Drying the plates after the elution and
detection of chromatographic zones (deri-
vatization)

Drying the plates after the elution was per-
formed in the air. The detection of chromatogra-
phic zones was carried out by sprinkling with
a solution for detection and further heating in
a drying electric cabinet (model “2III-0-017).
The results were evaluated in the daylight.

For derivatization of chromatographic zones,
ninhydrin solution R and ninhydrin solution R1
prepared according to the requirements of the
EP/SPhU were used [19, 20].

The sample application

A Hamilton Bonaduz AG microsyringe (Via
Crusch 8, CH-7402 Bonaduz, Switzerland) with
the volume of 10.0 pL. was used for the sample
application.

Documentation

After detection, chromatographs were docu-
mented using a Camag® TLC Visualizer 2 and
a winCATS® software.

Temperature and humidity

To get the results, the experiment was con-
ducted at the temperature of 25°C and the air
relative humidity of not more than 75% [19, 20].

Calculation of criteria

The retardation factor (retention factor) (R)),
AR, resolution (R,), selectivity (o) was calculat-
ed using the following formulas (1-4) [9, 19-22]:

R =L, M
AR = Ry — Ry, (2)
R, - ax M) 3
1
= -1
a- (Rf ) @
(R—ﬂ -1)

where, [ is the distance from the centre of the

chromatographic zone to the “start line”, mm,;

L is the distance of the solvent front, mm;

AX is the distance between the centers of chro-

matographic zones, mm;

W is the height of a chromatographic zone, mm.
The separation efficiency was calculated by the

quantity of theoretical plates (IN) and their height

(H) using the following formulas (5—6) [9, 19-22]:

N=16 (L ;,Rf)z, 5)
- ﬁ ©)

The study of validation characteristics

Specificity. It was determined on one plate by
comparing the chromatographic zones of Test and
Reference solutions. The method is specific if the
chromatographic zones obtained with Test solu-
tions are similar to the chromatographic zones
of Reference solutions with respect to position,
color, and intensity of bands.

Robustness. The influence of chromatographic
conditions on the final result (the impact of the
stationary phase type, chamber saturation, ap-
plication volume, distance from the “start line”
to the “finish line”, the effect of the detection so-
lution, stability of solutions for application) was
assessed.

The influence of the chamber saturation.
The study was conducted in a chromatographic
chamber pre-saturated (for 1 h) and unsaturat-
ed by an eluent [11, 23].
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The influence of the distance that the mobile
phase should overcome. Such distances of solvents
front as 10, 12 and 15 cm were compared [11].

The influence of plate materials of different
manufacturers. The impact of the plate materi-
als of different manufacturers on the result of
the separation capacity of the mixture compo-
nents and the fluctuation of R, values for the
corresponding zones was assessed.

The influence of the volume of application so-
lutions. The results obtained during application
of Test solutions and Reference solutions of dif-
ferent volumes were compared.

The stability of the analyte in the solution and
on the plate. The stability of the solutions studied
was assessed simultaneously on one TLC plate.
Test solutions and Reference solutions were ap-
plied 3 hours earlier and immediately before chro-
matography.

The stability of derivatization results. The im-
pact of heating conditions of the plate after the
elution at a temperature from 100°C to 105°C
for 5—15 min was studied.

The stability of chromatographic results. The sta-
bility results were assessed in 5, 15, 30 and 60 min
after chromatography.

Precision. R, values for chromatographic zones
with testing on one TLC plate, on 3 different pla-
tes of the same type were calculated. The analysis
was performed on different days by different ana-
lysts (the intermediate precision) [7, 12, 19, 20, 23].

B Results and discussion

1. The TLC-method development

To select conditions for the identification of
amino acids (glutamic acid and glycine) in a com-
bined medicine for the treatment of alcohol into-
xication by TLC/HPTLC methods, the primary
task of the research was the choice of the mobile

phase, which would meet the principles of “green
chemistry” and was suitable for separation of
amino acids in a combined medicine.

A great number of mobile phases for the
identification of amino acids by the TLC method
have been described in the scientific literature.
For example, in the EP/SPhU, glycine and glu-
tamic acid are determined in the mobile phase
of glacial acetic acid — water — butanol (20:20:60)
[10, 24]; among other mobile phases isopropyl al-
cohol — concentrated ammonia (70:30), acetonit-
rile — water (10:90), chloroform — methanol (1:1),
etc., are the most common [7, 12, 13]. However,
based on the work of scientists in defining the cri-
teria of solvents according to their safety, the im-
pact on human health and environment [1-5, 24],
it was found that not all combinations of solvents
used met the principles of “green chemistry”.

Thus, in the theoretical evaluation of these
mobile phases using a GREEnness analytical cal-
culator [16] (Figure 1) it was found that under
the same conditions of determination (the num-
ber of test samples, type and amount of a deri-
vatizing reagent), but with different types and
volumes of solvents and the total amount of waste,
the methods analyzed had similar values of the
degree of environmental friendliness.

In accordance with the principles of “green
chemistry” in the development of “green” methods
of research the choice of solvents should avoid
the formation of large volumes of waste and give
preference to reagents derived from renewable
sources. Commonly recommended analytical sol-
vents (after water) are alcohols (ethanol, isopro-
pyl alcohol, butanol, etc.) [1, 4, 5].

When evaluating the existing mobile phases
for the amino acid analysis using a GREEnness
analytical calculator it was found that the com-
binations “alcohol — water” had values close to 1,
indicating that the evaluated procedure was

C D

Figure 1. The results of the assessment of analytical procedures of greenness using different mobile phases: A glacial acetic acid — water —
butanol (20:20:60); B isopropyl alcohol — concentrated ammonia (70:30); C acetonitrile — water (10:90); D chloroform — methanol (1:1)
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Table 1. Chromatographic parameters R;, AR, R, a, N, H on the TLC plate Supelco, aluminum plate

Mobile phase/analyte R; AR, R, o N H
Mobile phase 2: Glutamic acid 0.40+0.01 0.04 1.00 119 1024 0.098
isopropyl alcohol — water (70:30) | Glycine 0.36 + 0.01 ' ' ' 829 0.121
Mobile phase 3: Glutamic acid 0.58 £+ 0.01 0.10 550 1.50 3364 0.030
ethanol (96 %) — water (70:30) Glycine 0.48 +0.01 ‘ ' ‘ 2304 0.043

“greener” [16]. Therefore, the following mobile
phases were selected for further study:
*  mobile phase 1: isopropyl alcohol — water
(10:90) [7, 13];

* mobile phase 2: isopropyl alcohol — water
(70:30) [7, 13];

*  mobile phase 3: ethanol (96 %) — water
(70:30) [7, 13, 25].

To select the most optimal mobile phase, the
mixture of glutamic acid and glycine, Reference
solution (RS-3), was used. To standardize the ana-
lysis conditions, the distance travelled by the
solvent front from the point of application to the
“finish line” was 10 cm.

According to the results of the study it was
found that mobile phase 1 was not suitable for the
separation of glutamic acid and glycine mixture,
and unseparated chromatographic zones concen-
trated near the “finish line”. Mobile phases 2 and 3
seemed to be more effective for the implementa-
tion of the task set. According to the classifica-
tion of solvents by L. Snaider, isopropyl alcohol
and ethanol have close polarity values. In mo-
bile phase 1 the quantity of even more polar sol-
vent — water — three times exceeds its content
compared to mobile phases 2 and 3. From liter-
ary sources, it is known that with a decrease of
the organic solvent concentration, the stronger
hydrogen bonds in the amino group with alcohol
molecules, which are on the surface of a sorbent,
can be formed, and thus, we can see the predomi-
nance of the process of sorption on the surface
of sorbent over association in the solution [26].

In this regard, further research was conduct-
ed using mobile phases 2 and 3; their suitability
was assessed with the values R, R, AR, a, N, H
(Table 1).

The chromatographic system must be selec-
tive for the separation of substances, which means
that the compounds must be retained in diffe-
rent ways. The separation of two substances is
practically possible if R, > R, and AR, > 0.1 [22].
According to the results of the analysis (Table 1),
R, of the first component (glutamic acid) exceeds
R, of the second component (glycine) in each of the
given mobile phases. However, when comparing

AR, of chromatographic zones it was found that
mobile phase 3 had the optimal value. Accord-
ing to the resolution (R, and selectivity (a),
mobile phase 3 was characterized by a more com-
plete separation of amino acid chromatographic
zones. While assessing separation efficiency pa-
rameters (H, N) it was concluded that in mobile
phase 3 the balance between the phases was more
often achieved, and the separation of the com-
ponents of the mixture analyzed went on more
effectively.

Therefore, mobile phase 3 among tested ones
is the most optimal for the separation of glutamic
acid and glycine.

It was also concluded that a mixture of glu-
tamic acid and glycine (RS-3) should be used to
test the suitability of the chromatographic sys-
tem for analysis: two clearly separated chroma-
tographic zones should be identified.

The next stage of the research was to select
the optimal reagent for detecting chromatogra-
phic zones of amino acids. It is known that the
effectiveness of the derivatizing reagent is deter-
mined by the ability to color the compounds an-
alyzed in a specific way [9]. Ninhydrin solution
R and ninhydrin solution RI are used to identify
amino acids according to the EP/SPhU.

When evaluating them according to the prin-
ciples of “green chemistry” it was found that, by
the amount of waste, ninhydrin solution R had
a higher value of the indicator approaching 1,
1.e. was “greener” than ninhydrin solution R1.

However, while performing chromatography of
the mixture of glycine and glutamic acid (RS-3) in
the ethanol (96 %) — water (70:30) mobile phase it
was found that ninhydrin solution RI providing a
clearer and more intense coloring of the chromato-
graphic zones was the most optimal one (Figure 2).

The research also showed that the process-
ing of chromatograms consumed less volume of
the derivative reagent ninhydrin solution R1 and
reduced the duration of heating (chromatographic
zones had intense color after 5 minutes of heat-
ing at 100—105°C). Therefore, from the point of
view of the efficiency of detection of analytical zo-
nes and the most optimal one principles of “green
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Figure 2. The chromatogram of the mixture of Reference solution
of glutamic acid (Glu) and glycine (Gly), RS-3, in the ethanol
(96 %) — water (70:30) mobile phase: 1 — using ninhydrin solution
R1; 2 — using ninhydrin solution R on the TLC Silica gel (Supelco),
aluminum plate
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Figure 3. The chromatogram of Test solution 1, TS-1 (1);
Test solution 2, TS-2 (2); Reference solution of glutamic acid (Glu),
RS-1 (3); Reference solution of glycine (Gly), RS-2 (4) on the TLC

Silica gel (Supelco), aluminum plate

chemistry”, the use of ninhydrin solution R1 is
the optimal for analysis.

In the given conditions the chromatographic
study of sachet bag 1 (T'S-1) and sachet bag 2
(T'S-2) compared to glutamic acid RS (RS-1) and
glycine RS (RS-2) was carried out (Figure 3).

In the above mobile phase, ethanol (96%) —
water (70:30), for T'S-1 and TS-2, chromatogra-
phic zones were detected at the level of the zones
of glutamic acid RS (RS-1) and glycine RS (RS-2).
The zones of Reference solutions and Test solu-
tions have a complete separation, coincided in co-
lor and location, indicating the specificity of the
separation of the mixture components.

After considering the results of chromatogra-
phy it was found (Figure 3) that in addition to glu-
tamic acid zones in T'S-1 there was another uni-
dentified zone. This indicates that another com-
ponent of sachet bag 1 entered the derivatization
reaction with ninhydrin solution R1. Taking into
account the composition of the sachet bag stud-
ied we can assume that ascorbic acid reacts with
ninhydrin since it has the strong reducing pro-
perties (E, = +0.18 V) [27, 28]. After conducting
the study for the second time with ascorbic acid
RS (RS-4), it was proven that the unidentified
zone corresponded to ascorbic acid (Figure 4).

Thus, under the given conditions, it is possi-
ble to simultaneously identify three components
of the dosage form — glycine, glutamic acid and
ascorbic acid. This approach is optimal in terms
of the principles of “green chemistry” as it allows
reducing the number of analytical operations dur-
ing the medicine quality control.

2. The TLC-method validation

2.1. Specificity

The method is specific, which is confirmed by

the chromatogram (Figure 4). The chromatogra-
phic zones obtained with Test solutions are simi-
lar to the chromatographic zones of Reference so-
lutions with respect to the position, color, and in-

tensity of bands.
2.2. Robustness

The next stage of the research was to study

the procedure robustness.

The influence of the distance that the mobile

phase should overcome

Such distances of the solvent front as 10, 12
and 15 cm were compared (Figure 5).
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Figure 4. The chromatogram of Test solution 1, TS-1 (1);

Test solution 2, TS-2 (2); Reference solution of glutamic acid (Glu),
RS-1 (3); Reference solution of glycine (Gly), RS-2 (4); ascorbic acid
RS (Ac), RS-4 (5) on the TLC Silica gel (Supelco), aluminum plate
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Figure 5. The influence of the distance for the mobile phase to overcome: Test solution 1, TS-1 (1); Test solution 2, TS-2 (2);
glutamic acid RS (Glu), RS-1 (3); glycine RS (Gly), RS-2 (4); ascorbic acid RS (Ac), RS-4 (5) on the TLC Silica gel (Supelco), aluminum plate

A value of 10 cm is optimal as increasing the
distance from the “start line” to the “finish line”
leads to blurring, lengthening of the zones ob-
tained and, in general, increases the duration of
the analysis and reduces the “greenness” of the
method [16].

The influence of plate materials of different
manufactures

The separation of the mixture components was
achieved on all the plates analyzed (Figure 6,
Table 2).

However, evaluating the results obtained on
the plates of different manufacturers with alu-
minum and glass plates (Table 2) it was found
that a more complete and efficient separation of
chromatographic zones was achieved on the pla-
tes produced by “Merck”.

The influence of the chamber saturation

As a result of the study, it was concluded that
in the pre-saturated chromatographic chamber,
due to the formation of the gas phase of the elu-
ent, there was a better separation of chromato-
graphic zones. The elution process in these con-
ditions was faster, so the chromatographic time
was reduced.

The influence of the volume of the application
solution

While conducting the research, the results ob-
tained when applying Test solutions and Referen-
ce solutions, which sample volumes were 5, 10,
15 pL, were compared (Figure 7).

As we can see, the optimal application vo-
lume is 5 plL, including 5 pg of glutamic acid,
3.25 pg of glycine and 1.95 pg of ascorbic acid.
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Figure 6. The influence of plate materials of different manufactures: A — TLC Silica gel 60 (Merck), glass plate; B —TLC Silica gel 60 (Merck),
aluminum plate; C— TLC Silica gel (Supelco), aluminum plate; 1 — Test solution 1, TS-1; 2 — Test solution 2, TS-2; 3 — RS-1; 4 —RS-2; 5 — RS-4
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Table 2. Chromatographic parameters Rf, AR, R, o, N, H on different TLC plates

Mobile phase/analyte R; AR, R, a N H
v oszsoor | 0% | 5 | 2% ooy
uminomiplae " Ghane sacsoor | %% | 5B | 23 e oo
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Figure 7. The influence of the volume of the application solution: 1-3 — Test solution 1, TS-1; 4—6 — Test solution 2, TS-2; 7—9 — glutamic
acid RS (Glu), RS-1; 10—12 —glycine RS (Gly), RS-2:1,4,7,10-5 plL; 2, 5,8, 11 -10 ulL; 3,6, 9, 12 — 15 ul on the TLC Silica gel (Supelco),
aluminum plate

While increasing the application volume the blur-
ring of chromatographic zones and changing their
form can be seen. The size of the chromatogra-

phic zone samples allowing to achieve reproducible 02 &2

results is 10X2 mm. 08 08
The stability of an analyte in the solution and Ac

on the plate b O O 0
The results are shown in Figure 8. It was found os| D @Glu o

that the individual zones obtained did not differ Gly

in location, color, intensity and shape, indicating e ) 02

the stability of the solutions analyzed within the - o

specified period of time.
The stability of derivatization results 03 03
As mentioned earlier (Figure 3, 4), during the

research it was concluded that heating the plate i %
at a temperature of 100—-105°C for 5 min was 0.1 0.1
sufficient for the derivatization process.

The stability of chromatographic results 1 9 3 4

The stability of the results was evaluated at i 8. The stability of Test solution 1, T5-1 (1, 2) and Test
. igure 8. The stability of Test solution 1, TS-1 (1, 2) and Tes
5, . 15" 30 an,d 60 'mln aftgr chromatography. solution 2, TS-2 (3, 4): 1, 3 — samples applied 3 hours before
Within the given time, no difference was found  chromatography; 2, 4 — samples applied just before
between the areas studied. chromatography on the TLC Silica gel (Supelco), aluminum plate
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2.3. Precision

When studying the procedure precision the
values of R, for the zones of glutamic and ascor-
bic acids (T'S-1) and glycine (T'S-2) were calcu-
lated:

*  on one TLC plate;

+ on 3 plates of the same type;

* 1in the analysis on different days by differ-

ent analysts (the intermediate precision).

The analysis was performed on the TLC (Su-
pelco) aluminum plate [29].

It was summed up that the chromatographic
zones obtained were clearly separated, identical
in their location and color. Metrological charac-
teristics of R, values for chromatographic zones
corresponding to glutamic acid, glycine and
ascorbic acid are as follows:

* on one plate:

R:(Ac) =0.71; RSD,% = 0.81%; R;,,,.— R;,,;,,= 0.01

R:(Glu) =0.58; RSD,% = 1.00%; R;,,,.— R;,;,,= 0.01

R/(Gly) =0.48; RSD,% = 1.21%; R;,,,.— R;,,;,,= 0.01
+ on 3 plates of the same type:

R:(Ac) =0.72; RSD,% = 1.61%; R, ,.,— R ,;,= 0.02

R:(Glu) =0.58; RSD,% = 1.72%; R;,,,.,— R;,,;,= 0.02

R:(Gly) =0.48; RSD,% = 2.08%; R;,,..,— R;,,;,= 0.02
* the intermediate precision:

Ri(Ac) =0.72; RSD,% = 2.90%; R, ,.,— R;,;,= 0.04

R/(Glu) =0.58; RSD,% = 3.45%; R;,,,.,— R;,,;,= 0.04

R/(Gly) =0.48; RSD,% = 4.31%; R;,,,.,— R, ,,;,= 0.04

For the TLC method developed for the ana-
lysis of amino acids and ascorbic acid using
a “GREEnness” analytical calculator the green-
ness of the analytical procedure was calculated
(Figure 9). As we see, it exceeds the results when
using other mobile phases (Figure 1). Thus, we can
conclude that the method developed is greener.

3. Development of the HPTLC method

At the same time, a procedure was developed
for its use by the HPTLC method. The research
was conducted at the stage of studying robust-
ness. The optimal sample volume for plate appli-
cation was 2 pL; the solvent front distance was
7 cm. The chromatographic results are shown in
Figure 10.

4. Method of analysis

The validated TLC/HPTLC method for ana-
lyzing glutamic acid, glycine, ascorbic acid is
given below.

Thin-layer chromatography (EP/SPhU, 2.2.27).

Test solution (a): To 200 mg of powder from
sachet bag 1, equivalent to 25 mg of glutamic acid
and 5 mg of ascorbic acid, add 15 mL of water R.

Journal of Organic and Pharmaceutical Chemistry 2022, 20 (2)

Figure 9. The results of assessing the greenness of the analytical
procedure for the method developed
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Figure 10. The chromatogram of Test solution 1, TS-1 (1); Test
solution 2, TS-2 (2); glutamic acid (Glu) RS, RS-1 (3); glycine RS
(Gly), RS-2 (4); ascorbic acid RS (Ac), RS-4 (5) on the HPTLC Silica
gel (Merck), glass plate

Sonicate in an ultrasonic bath at 50°C for 12 min,
cool. Dilute to 25.0 mL with water R and mix.

Test solution (b): To 130 mg of powder from
sachet bag 2, equivalent to 10 mg of glycine, add
15 mL of water R. Sonicate in an ultrasonic bath
at 50°C for 12 min, cool. Dilute to 25.0 mL with
water R and mix.

Reference solution (a): To 25 mg of glutamic
acid RS, add 15 mL of water R. Sonicate in an
ultrasonic bath at 50°C for 12 min, cool. Dilute
to 25.0 mL with water R and mix.

Reference solution (b): Dissolve 10 mg of gly-
cine RS in water R and dilute to 25.0 mL with
the same solvent.

Reference solution (c): To 25 mg of glutamic
acid RS and 10 mg of glycine RS, add 15 mL of
water R. Sonicate in an ultrasonic bath at 50°C
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for 12 min, cool. Dilute to 25.0 mL with water R
and mix.

Reference solution (d): Dissolve 5 mg of ascor-
bic acid RS in water R and dilute to 25.0 mL with
the same solvent.

Plate: TLC silica gel plate R (HPTLC silica gel
plate R).

Mobile phase: ethanol (96%) R — water R (70:30).

Application: 5 pLi (2 pL).

Development: 10 cm (7 cm).

Drying: in air.

Detection: spray with ninhydrin solution R1
and heat at 100-105°C for 5 min.

System suitability: Reference solution (c):

— the chromatogram shows 2 clearly separa-
ted spots.

Results: the principal spots in the chromato-
gram obtained with Test solutions (a, b) are simi-
lar in position, color and size to the principal spots
on the chromatogram obtained with Reference
solutions (a, b, ¢, d).

B Conclusions

As a result of the studies conducted, “green
conditions” for identifying amino acids (glutamic
acid, glycine), as well as ascorbic acid in a com-
bined medicine by thin-layer chromatography and
high-performance thin-layer chromatography me-
thods have been selected. The validation charac-
teristics of the method (specificity, robustness and
precision) have been studied.
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