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Abstract

Introduction. The problem of development and implementation of own drugs in Kazakhstan today is acute and urgent. The
solution to this problem is possible through the use of own resources - domestic medicinal plant raw materials. A promising
medicinal raw material is Artemisia cina — an endemic medicinal plant of the of the Turkestan region of Kazakhstan.

Aim. Designing a liquid chromatography methodology to analyze the oil extract obtained from Artemisia cina.

Materials and methods. Standard sample (SS) of santonin, Artemisia cina’s oil extract. The substance was identified and
quantitatively determined using an Agilent Technologies 1200 liquid chromatograph (USA) equipped with ChemStation software.
Results and discussion. The main active substance of the oil extract was analyzed using high-performance liquid chromatography
(HPLC) method. Choosing the separation conditions for the column involves determining the best composition of the mobile
phase and the rate of elution. There were used a reversed-phase system with sorbent C18 and a mobile phase consisting of
acetonitrile and a phosphate buffer with a pH of 6.8. Chromatographic studies of the substance were carried out in a gradient
mode at an analytical wavelength of 237 nm. The retention time of the standard sample (SS) of santonin matched the retention
time (t,) of santonin isolated from the oil extract of Artemisia cina and amounted to 14.3 minutes.

Conclusion. A liquid chromatography method has been established for the identification and quantitative determination of the
oil extract, focusing on the main active substance, santonin.
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Pesome

BBepeHue. MNpobnema pa3paboTkn 1 BHEAPEHMA OTeyeCcTBEHHbIX NpenapaTtoB B KasaxcTaHe Ha CEroAHAWHWIA AeHb ABnAeTcA
OCTPON 1 aKTyanbHOW. PelweHrne AaHHON npob6nembl BO3MOXHO MOCPEACTBOM MCMONb30BaHWA COOCTBEHHbIX PeCcypcoB —
OTeYeCTBEHHOro JIeKapCTBEHHOIO PacTUTENbHOrO CblipbA. [lepCneKTUBHLIM NeKapCTBEHHbIM CbipbeM ABAAETCA MOJblHb
LMTBapHasa — SHAEMMYHOE leKapCcTBEHHOe pacTeHne TypKecTaHcKo obnactu KasaxcTaHa.

Llenb. PazpaboTka METOAUKN XKUAKOCTHOWN XpomaTorpaduu Ana aHanm3sa MacsIAHOro SKCTPaKTa NOJbIHU LUTBAPHON.

MaTtepuanbl n metoabl. CTaHAaapTHbIN obpasey (CO) caHTOHMHA MACAAHBIA SKCTPAKT MOAbliHM uUuTBapHon (MIML).
NpeHTuduKaumio 1 KonnuectTBeHHOe onpefeneHne BelecTBa NPOBOAMIN Ha XKMAKOCTHOM xpomaTtorpade Agilent Technologies
1200 (CLLUA) ¢ nporpammHbim obecneyeHnem ChemStation.

Pesynbtatbl U o6cyxpaeHue. VccnepgoBaHne xpomaTorpadmyeckoro nosefeHUs OCHOBHOFO AeWCTBYIOLLEro BellecTBa
MacCNAHOro 3KCTPakTa NPOBOAUNIOCH METOAOM BbICOKOIPPEKTUBHON XMAKOCTHON xpomaTtorpadum (BIXKX). Monbop ycnosuit
pa3peneHna Ha KOMOHKe BKovyaeT B cebA BbIGOpP ONTUMaNbHOrO COCTaBa MOABUMMHOW ¢a3sbl M CKOPOCTM SNIOMPOBAHMA.
Wcnonb3oBanacb obpalyeHHo-pa3oBasa cuctema ¢ copbeHTom C18 1 nopBukHOM ¢das3on, cocToAwen 13 aueToOHUTpWUna u
docdatHoro bydepa c pH 6,8. Xpomatorpadumyeckme umccnefoBaHna cyb6cTaHUMM NPOBOAWAN B FPAafVWEHTHOM pexume npu
aHanUTMYeCcKon AnvHe BonHbI 237 HM. Bpema yaepxuBaHua ctaHgapTHoro obpasua (CO) caHTOHMHa COBMano Co BpemeHeM
yOepXnBaHuA (t)) CaHTOHVHA BbIAGNEHHOTO 13 MAaC/IAHOMO 3KCTPAKTa NOJbIHM LUTBAPHOW 1 COCTaBUO 14,3 MUH.

3aknwueHune. PazpabotaHa MeToAnKa naeHTUOUKaLUM N KONMYECTBEHHOMO ONpefeneHna MacisHOro 3KCTpakTa No OCHOBHOMY
JelCTBYIOLWEMY BeleCTBY — CAHTOHWHA METOLOM XXMAKOCTHOM XpomaTorpadun.

KnioueBble cnoBa: MacnfAHbIi 3KCTPAKT MOJIbIHA LMTBAPHOWN, CAHTOHWH, uAeHTUdMKaLUA, aHanus, BbiCOKOIddeKTUBHaA
XKNAKOCTHaA xpomaTorpadus, Banngaumna

KoH)NMKT nHTepecoB. ABTOPbI AeKNapupyloT OTCYTCTBUE ABHbIX U MOTEHUMANbHbIX KOHQUKTOB WHTEPECOB, CBA3aHHbIX C
ny6nuKaumen HacTosLLen cTaTby.

Bknap aBTopoB. LU. X. ®apwag paspaboTan KOHUENLUMIO NCCNefoBaHUA 1 Gblfia OTBETCTBEHEH 3a NNaHMPOBaHME SKCNEePUMEHTa,
a TakXe MPUHAN ydyacTue B aHanuse faHHbix. I baxbiTkbi3bl 1 A.[l. Ceprkb6aeBa NPoBefin SKCNEPUMEHTbI MO KUAKOCTHOW
XpomaTtorpadum, yuacteoBanu B o06paboTke 1 nHTepnpeTauun aaHHbix. C. K. Opaabaesa BHecna 3HauuTenbHble NPaBKM B TEKCT
CTaTby, 3aHMMaNacb ee pefakTUPOBaHMEM M MOAFOTOBMIA OKOHUATENbHbIM BapuaHT Ans ny6nukauuu. Bce aBTopbl B NOHOW
Mepe 3aHMManucb pPa3paboTKOW aHANUTNYECKOro MeToAa U CTaTUCTUYEeCKO 06paboTKOM JaHHbIX.

Ona yntmpoBaHua: OppabaeBa C. K., CepukbaeBa A.[., ®apwag L. X., baxbiTkbi3bl . Pa3paboTka MeTOAVKN XUAKOCTHOW
xpomatorpadun ana aHanmsa MaciAaHOro 3KCTPaKTa MOMbIHW LUTBApPHOW. Paspabomka u pe2ucmpayus 1ekapcmeeHHbIx cpedcma.
2024;13(4):139-147. https://doi.org/10.33380/2305-2066-2024-13-4-1728

INTRODUCTION

The problem of the evolution of diseases and increa-

of own drugs in Kazakhstan today is acute and urgent.
The solution to this problem is possible through the use
of own resources — domestic medicinal plant raw mate-

sing the resistance of pathological microorganisms,
parasites to drugs is becoming more and more wide-
spread due to the unfavorable global dynamics of the
ecological situation. According to the WHO expert as-
sessment, diseases caused by helminths rank third glo-
bally among the most significant infectious and parasi-
tic diseases. Official statistics indicate that approxima-
tely 2 billion people worldwide are infected with hel-
minths [1, 2].

The demand for anthelmintic agents in the Kazakh-
stani market is predominantly met by imported drugs [3-
6]. The problem of development and implementation

rials. A promising medicinal raw material is Artemisia
cina - an endemic medicinal plant of the of the Turke-
stan region of Kazakhstan. For many years, citvar seed
and santonin have been an effective anthelmintic. Ses-
quiterpenoid of Artemisia cina - santonin has a wide
spectrum of pharmacological action: anthelmintic, an-
ti-inflammatory, antipyretic, hemolytic, cardiotonic, im-
munomodulatory, including its own antitumor activi-
ty [7-10].

The department of pharmaceutical and toxicologi-
cal chemistry of the South Kazakhstan medical acade-
my has developed a method for obtaining Artemisia ci-



na’s oil extract. Preliminary studies indicate that santo-
nin is the primary active ingredient of the oil extract.
Therefore, the study of quality indicators, standardiza-
tion of oil extract according to santonin and the deve-
lopment of a draft regulatory document for oil extract
is relevant in order to further introduce it into medical
practice [11-14].

The efficacy of pharmaceutical analysis is intricate-
ly linked to the application of physicochemical research
methodologies. The development of techniques for
evaluating medication quality constitutes a multiface-
ted endeavor that can be solved using the HPLC me-
thod, which allows combining the stages of separation,
identification and quantitative determination. The de-
termination of santonin in the oil extract was hampered
by the presence of extraneous chromatographic peaks
of related substances. Thus, we optimized the chro-
matography conditions and developed optimal samp-
le preparation conditions for the maximum transfer of
santonin from the oil extract to the test solution [15-17].

Aim

Standard sample of santonin (a-santonin, purity
>99.9 %, Sigma-Aldrich, USA), Artemisia cina’s oil extract
(ACOE), acetonitrile for HPLC (purity >99.9 %, Honey-
well, USA), deionized water (obtained at the Milli-Q
D-8 installation Water purification system, USA), phos-
phate buffer (850 ml of orthophosphoric acid is dissol-

ved in 250 ml of deionized water, and the pH is correc-
ted with a solution of 0.1 M sodium hydroxide).

MATERIALS AND METHODS
Chromatography equipment and conditions

Identification and quantitative determination was
carried out on an Agilent Technologies 1200 liquid chro-
matograph (USA) with ChemStation software equipped
with a G1322A degasser and a variable wavelength
spectrophotometric detector MWD G1314. Separation
was carried out on a column with a reversed phase
Agilent C18. 5y, (4.6 x 150 mm) with a pre-column (Agi-
lent C18. 5 ). Also, a concentrator centrifuge (Concent-
rator plus eppendorf, USA) and an ultrasonic bath (Elmas-
cript S., Germany) were used for sample preparation of
oil extract of Artemisia cina.

Analytical determinations were carried out under
the following conditions: the flow rate is 1.0 ml/min,
the volume of the injected sample is 20 pl, the column
temperature is 40 °C. Chromatography was passed
under conditions of gradient elution with acetonitrile
(A) and phosphate buffer with pH 6.8 (B): 0 min — 35:65
(A:B); 5 min - 20:80; 10 min — 20:80; 15 min - 20:80;
20 min - 35:65. Optimization of chromatographic se-
paration conditions was carried out according to the
system suitability parameters: resolution, number of
theoretical plates, peak asymmetry factor. Different va-
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riants of the mobile phase, stationary phase, elution
modes, and ionization modes were tested. Acetonitrile
was used as the mobile phase, which is characterized
by low viscosity, mixes with water in any ratio, does not
create pressure at the inlet to the column and a phos-
phate buffer pH 6.8. Chromatographic studies of the
substance were run in gradient mode at an analytical
wavelength of 237 nm.

Identification of santonin peaks on the chroma-
togram was pursued by comparative analysis of chro-
matographic characteristics with a standard sample.

Preparation of standard sample solution
of santonin

About 1.0 mg (exact weight) of a standard sam-
ple of santonin is placed in a vial, 1 ml of acetonitrile is
added, shaken on a shaker and centrifuged at 2000 rpm
for 15 minutes (solution A).

100, 250, 500, 750 of a standard sample of santonin
solution are placed in 1000 pl volumetric flasks, diluted
to the mark with acetonitrile and mixed (solutions B).

Preparation of samples

Approximately 5.0 grams (exact mass) of the oil
extract from Artemisia cina are introduced into a 25 ml
conical flask, followed by the addition of 10 ml of ace-
tonitrile. To ensure complete transfer of santonin into
the acetonitrile phase, the resulting mixture is sub-
jected to ultrasonication for 15 minutes at 60 °C. Sub-
sequently, centrifugation is performed at a rate of
14.000 rpm for 10 minutes. The acetonitrile layer is se-
parated using a micropipette and transferred to a 50 ml
chemical beaker and tightly closed. Extraction is carried
out 2 more times. The resulting extracts are combined
and centrifuged for 10 minutes. Then, they are placed
in a vacuum concentrator until the extractant comple-
tely evaporates. The dry residue is dissolved in 10 ml
of acetonitrile and placed in an ultrasonic bath for
15 minutes at a temperature of 60 °C (test solution).

About 1.0 ml (exact weight) of the test solution of
Artemisia cina’s oil extract is placed in a vial, shaken
on a shaker for 5 minutes and chromatographed under
the above conditions.

RESULTS AND DISCUSSION
Method validation

Validation of the developed methodology was con-
ducted in accordance with the relevant provisions out-
lined in the General Pharmacopoeia Article of the State
Pharmacopoeia of the Republic of Kazakhstan (SP RK),
as well as modern recommendations from the Interna-
tional Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use (ICH) [18-20].
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The method of quantitative determination is valida-
ted according to the main characteristics: specificity,
linearity, precision and limit of quantitative determination
(LOQ) [8, 19-54].

Specificity

The specificity of the assay was evaluated by ana-
lyzing five samples of a standard santonin solution
within the concentration range of 100-1000 pg/ml.
No extraneous peaks corresponding to the retention

time of santonin isolated from the oil extract of Artemi-
sia cina were observed on the chromatograms of the
standard samples (figures 1-3).

Figures 1-3 show chromatograms of the tested
santonin solution of Artemisia cina’s oil extract and SS
solution of santonin under the selected conditions of
chromatographic analysis. The chromatogram shows
the specificity and selectivity of the developed method
for identifying the oil extract by santonin: the retention
time of the obtained peak of the studied santonin
solution isolated from the oil extract coincides with
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Figure 1. Chromatogram of a standard sample of santonin
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Figure 2. Chromatogram of Artemisia cina’s oil extract
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Figure 3. Chromatogram:
A - standard sample of santonin; B - oil extract of Artemisia cina
the retention time (t,) of the peak of the SS santonin
solution and is within 14.3 minutes with 99.9 % purity
of the pharmaceutical substance. In order to show P Santonin
the separating ability of the system, we calculated the g
indicator R_by the formula (1). G 200007
E 25000
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The linearity was evaluated according to the graph S o ' . . ' .
of the dependence of the chromatographic peak area 9 200 400 600 800 1000 1200
on the concentrations of santonin in the sample: 100, Concentration of the solution of the test sample, pg/ml

250, 500, 750, 1000 pg/ml. When statistically proces-
sing the linear dependence according to the equation
y=30.41x + 555.4, the correlation coefficient of the li-
near regression graph r was 0.99960. The results obtai-
ned support the assertion that the developed methodol-
ogy exhibits linearity (figure 4, table 1).

Figure 4. Calibration graph of the linear relationship
between the concentration of santonin and the area of
chromatographic peaks

Table 1. Estimation of the linear relationship between the concentration of santonin

and the area of chromatographic peaks

Ne Samples Concentration, Peak area. S Metrological characteristics
ug/ml ! ) RSD X DX £, %
1 100.0 2944.6 246.3 1.891 1.93 0.9996
2 250.0 8265.2
3 500.0 16878.7
4 750.0 23161.0
5 1000.0 30602.5
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Precision

Standard samples santonin solution with concentra-
tions of 100, 500, 1000 pug/ml were analyzed. Each solu-
tion was chromatographed 6 times. The study was con-
ducted during day 1 (intra-day) and 2 day (inter-day).
Standard deviation (SD), relative standard deviation (RSD)
and relative error of the method (g, %) of the obtained
concentration values.

Table 2. Precision (intra-day). Sequence N2 1

The relative error of the method was observed in
the range of 1.02-1.91 % for sequence No. 1 and in the
range of 1.01-1.63 % for sequence No. 2 and does not
exceed the permissible standard deviation, which con-
firms the precision and correctness of the developed
method (tables 2 and 3).

95 % confidence intervals were calculated. The true
values fall within the obtained intervals, which con-
firms the precision and correctness of the developed
method.

Obtained Metrological characteristics
Cong, ug/ml | Peak area s _ — _
pg/ml % X S? Sx AX sD RSD CI (95 %)
2944.6 99.11 99.11
2957.6 97.93 97.93
2978.3 99.61 99.61
100 98.97 0.450 0.274 0.704 0.671 0.006 98.97 £ 0.82
2896.2 98.93 98.93
2963,1 98.27 98.27
2947.7 99.98 99.98
16878.7 496.3 99.26
16882.8 498.6 99.72
16879.3 497.2 99.45
500 498.0 2179 0.602 1.548 1.476 0.016 |498.00+1.23
16879.5 498.3 99.66
16881.4 4979 99.58
16896.5 499.7 99.95
30602.5 998.3 99.83
30611.2 999.3 99.93
30605.3 998.9 99.89
1000 999.0 0.759 0.355 0.914 0.871 0.009 [999.05+0.80
30601.2 998.1 99.81
30703.9 999.7 99.97
31062.8 1000.0 100.0
Table 3. Precision (inter-day). Sequence N¢ 2
Obtained Metrological characteristics
Cong, pg/ml | Peak area, S _ _ _
pg/ml % X s? Sx AX sD RSD C1(95 %)
2943.9 97.5 97.55
2977.6 99.8 99.81
2958.5 99.7 99.78
100 98.42 1.872 0.558 1.431 1.368 0.015 98.42 + 1.16
2946.2 97.6 97.69
2943.1 974 9743
2947.7 98.5 98.56
16888.7 498.9 99.78
16892.8 499.3 99.86
16799.3 4971 99.42
500 498.2 1.265 0.272 1.18 1.125 0.012 | 498.20 + 0.85
16879.1 498.2 99.64
16861.2 497.6 99.52
16876.3 498.1 99.62
30592.5 998.2 99.82
31351.2 1000.0 100.0
30685.3 998.8 99.88
1000 999.28 0.745 0.352 0.907 0.863 0.009 |999.28 +0.79
30601.4 998.9 99.89
31056.3 999.9 99.99
30962.6 999.9 99.99




The stability

The stability of the standard solutions of santonin
and tested solutions of Artemisia cina’s oil extract ac-
cording to santonin for chromatographic analysis was
investigated. Short-term stability was studied within
24 hours after sample preparation and during the next
day of analysis. The study of long-term stability showed
that during chromatography of the studied solutions
for 14 days when stored in a refrigerator from 2 to 8 °C,
the standard solutions of santonin and tested solutions
of the oil extract were stable. At the same time, the ar-
ea of the chromatographic peak did not change more
than 10 % during repeated analyses.

Reproducibility

There were prepared 9 test solutions to determine
the reproducibility criterion and analyzed. The data
obtained are shown in table 4. The method exhibits
high reproducibility, as evidenced by the relative error
of 1.67 %.

Limit of detection and limit of quantification

The analytical range of the technique of quantitati-
ve determination of santonin in the oil extract of Arte-
misia cina is determined, based on the accuracy, line-
arity and precision of the technique. The detection limit
was 50 pl, the limit of quantitative determination was
100 pl, and the range of quantitative detection is in
the range of 100-1000 pl.
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We carried out a quantitative determination of la-
boratory samples (LS) of the oil extract of Artemisia cina
for santonin, which was calculated using the formula (2):

5 5:°1000-1000-a; -100- W% _ S, e -W%

@)
S,-a-100-1000-1000 S,-a

The content of santonin in the oil extract is presented
in Table 5.

Validation of the developed method of quantitative
determination by the method of high-performance li-
quid chromatography showed that it is specific, cha-
racterized by correct accuracy and reproducibility in
the analytical domain in relation to the established
working concentration of santonin in solution, which
allows it to be used for a reliable assessment of the qua-
lity of the oil extract by santonin.

CONCLUSION

A liquid chromatography technique has been de-
veloped for the identification and assay of the oil
extract from Artemisia cina, focusing on its main active
substance, santonin. validation of the developed tech-
nique revealed a linear relationship between the con-
centration of santonin and the area of chromatographic
peaks, with a correlation coefficient (r) of 0.9996 Across
a span of concentrations from 100-1000 ug/ml; the re-
lative standard deviation of the technique is within
0.097-0.018 % (inter day) and within 0.096-0.272 % (int-

Table 4. Evaluation of the reproducibility of the method for the quantitative determination of santonin

in the oil extract of Artemisia cina

Santonin content in model

Metrological characteristics (SP RK v.1, p.100)

=
[

mixtures of oil extract, % n X

S Ax P

av. f

X *Ax € ,%
av. av.

av.”

0.612

0.597
0.619
0.614
0.599 9
0.619
0.620
0.621
0.616

0.61

W[ |0 [([N[adv»n|bh[wW|IN|[—

0.009 0.010 0.372 0.61+0.01 1.67

Table 5. Quantitative content of santonin in oil extract

Santonin substance

Metrological characteristics

in oil extract n X

Ax Sx X %

av. av. av. av.”

0,620

0,615
0,599
0,612
0,619
0,593

6 0,61

alnhiw|iNn|(=

57-103

88-1073 34-103 0,61+0,0088 1,45
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ra day) the relative error is within 1.01-1.91 % con-
firms the reliable reproducibility and accuracy of the
developed methodology. Quantitative determination
of laboratory samples of Artemisia cina’s oil extract by
santonin using the developed liquid chromatography
technique was about 0.6 %.
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