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Abstract

Objectives. To develop and validate a method for the quantitative determination of 8-methoxypsoralen in a soft dosage form in accordance
with the requirements of the State Pharmacopoeia of the Russian Federation, 15th edition, and the Pharmacopoeia of the Eurasian
Economic Union.

Methods. Quantitative determination of 8-methoxypsoralen was performed by high-performance liquid chromatography
on a Chromaster 5000 (Hitachi, Japan) with a diode array detector. Chromatography was performed on a Kromasil EternityXT-5-C18,
5 um, 250 x 4.6 mm column in isocratic mode with a mobile phase of acetonitrile/water in a ratio of 50 : 50% (v/v). The flow rate was
1.0 mL/min, while the detection wavelength was 250 nm.

Results. The optimal condition for the extraction of 8-methoxypsoralen was found to be ultrasonic gel extraction at 40°C for 15 min
using acetonitrile. The best peak resolution of 8-methoxypsoralen was achieved during gel analysis at 250 nm using a reversed-phase
sorbent with an octadecyl phase (C18) grafted onto silica gel. The acetonitrile/water mixture was used as a mobile phase in a volume ratio
of 50 : 50% to minimize chromatography time while maintaining optimal resolution. From the validation procedures, it was confirmed
that the method is specific, linear (R2 > 0.997) and reproducible (relative standard deviation was <3.0%). The accuracy of the analytical
method was from 98.26% to 101.02%, while the values of the detection and quantitative determination limits were 0.006 and 0.020 pg/
mL, respectively. The developed quantitative determination method demonstrated its stability when varying as the column temperature
and flow rate by £5%.

Conclusions. As effectively implemented using the high-performance liquid chromatography method, the method for quantitative
determination of 8-methoxypsoralen has a number of advantages over the previously described methods, including reduced analysis time,
as well as increased sensitivity and effectiveness, which makes it possible to apply the developed method in assessing the quantitative
content of 8-methoxypsoralen in a soft dosage form—gel for the treatment of psoriasis.
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AHHOTauus

Leas. Pa3zpaboTka 1 Bamuganusi METOAMKN KOJIMYECTBEHHOTO OIPEJSNICHUs 8-METOKCHIICOPAJICHA B MSTKOW JIEKapCTBEHHOH (opme
B coOTBeTCTBHH C Tpebosanmsamu ['ocynapereennoit @apmakonen Poccniickoit ®enepannu XV m3nanus u Gapmaxornen EBpasuiickoro
HKOHOMHYECKOI'O COH03a.

Mertoabl. KomrdecTBeHHOE OIpEe/ieHHe 8-METOKCHIICOPAICHa MPOBOIMIN METOIOM BBICOKOA(D(GEKTHBHON KHUAKOCTHOH XpOMaro-
rpadun Ha npudope «Chromaster 5000» (Hitachi, SInonus) ¢ AMOAHO-MATPUIHBIM AETEKTOpPOM. XpoMarorpadupoBaHue BHITIOTHSIIH
Ha kononke Kromasil EternityXT-5-C18, 5 mkm, 250 X 4.6 MM B H30KpaTHIECKOM PEXUME C MOJIBIDKHOW (ha30i aleTOHUTPHI/BOAA
B cooTHomreHnu 50 : 50% (06/06). CxopocTh moTOKa cocTaBisiia 1.0 MiI/MUH, JUIMHA BOJHBI AeTEKTHPOBaHUS — 250 HM.

Pesyinbrarbl. YCTAHOBIICHO, YTO SKCTPAKIMS aKTHBHOTO BEIECTBA M3 IeJis 1OA AeiicTBUEM yabTpa3Byka npu Temneparype 40°C B Te-
yeHue |5 MMH ¢ MCTIONB30BAHUEM allETOHUTPUIIA SBIISIETCS HAOoJIee ONTUMAIIBHBIM YCIIOBHEM JJIs U3BJICUCHHS 8-METOKCHIICOPAJICHA.
Hawnyymee nukoBoe pasperieHne 8-MeTOKCHIICOpaieHa ObII0 JOCTUTHYTO MPH aHAJM3€ Tels Ha AJIHHE BOJIHBI 250 HM ¢ IIOMOIIBIO 00-
pameHHo-(ha3oBoro copbenTa ¢ okTanenunbHoH hasoi (Cg), TPUBATON K cunukaremo. Mcrnonp30Banue B KA9€CTBE MOBIKHOH (ha3bl
CMECH alleTOHUTPHI/BoAa B 00beMHOM cooTHommeHnH 50 : 50% mo3Bonuno o6ecrednTs MUHIMAIBHOE BPEMsI XPOMATOTpapUpOBAHHS
[PH COXPAHEHUH ONTHUMAJIBLHOTO pa3pereHus. [1o JaHHBIM BalIUIALHMOHHBIX IIPOLEIYP YCTABICHO, YTO METOIMKA CrieHU(UYHA, JIHHEH-
Ha (R% > 0.997) 1 Bocpon3BoaNMa (OTHOCHTETBHOE CTAHAAPTHOE OTKIOHEHHE cOCTaBMIO < 3.0%). TOYHOCTh aHATUTHYECKOH METOH-
ku coctaBmia oT 98.26% mo 101.02%, a 3HaueHns mpenenoB oOHapykeHust 1 konudecTBeHHoro onpeaenenus — 0.006 u 0.020 Mxr/mn
COOTBETCTBEHHO. Pa3paboTaHHasi METOANKA KOJIMYECTBEHHOTO ONPE/ICIICHHS TI0Ka3alia CBOK0 yCTOWYMBOCTb ITPH BapbHPOBAHUM KaK TeM-
nepaTtypsl KOJOHKH, TaK U CKOPOCTH MOTOKA Ha +5%.

Bb1BobI. MeTO/IMKa KOJIMYECTBEHHOTO ONpe/ieIeHNs 8-MeTOKcHIIcopasieHa Oblta 3 (pEeKTHBHO pealn30BaHa C UCTIONb30BAHUEM METO/A
BBICOKOI()()EKTHBHON KUAKOCTHONH XpoMarorpaduu 1 o0IagaeT psaaoM NPEUMyYIIECTB MO CPABHEHHIO C PaHee OMMUCAHHBIMU METO/IH-
KaMH. DTH NPEUMYIIECTBA 3aKII0YalOTCs B COKPAIICHUM BPEMEHM aHAJIN3a, YBEIMYCHHH YyBCTBUTEIBHOCTH M 3(P(EKTHBHOCTH, YTO
M03BOJIAET MPUMEHATH Pa3pabOTaHHYIO METOMKY JUIs OLIEHKH KOJTMYECTBEHHOTO COJAEPKaHUs 8-METOKCHIICOpaNeHa B MATKOI Jekap-
CTBEHHOH (opme — resie MpH JIeYeHUH copuasa.

KnioueBble cnosa Moctynuna: 31.10.2024
8-MeTokcuncopaneH, MmerokcaieH, 8-MOII, msarkas gekapcTBeHHAs Gpopma, Telb, Aopa6oTaHa: 15.01.2025
KOJTMYECTBEHHOE OTpeeNIeHNE, BEICOKOI(D(hEKTHBHAS KUIKOCTHAS XpoMaTorpadus, NpuHsita B neyats: 03.04.2025
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INTRODUCTION

Psoralenes are natural furanocoumarins found in
medicinal plants such as Psoralea corylifolia L., Ficus
carica L. and Ficus petiolaris L., Ammi majus L.,
and Heracleum sosnowskyi L. They have found
wide application in photochemotherapy (Psoralen
UltraViolet A (PUVA)), which uses psoralen as
a photosensitizer combined with ultraviolet radiation
in the 320—400 nm wavelength region [1]. Indications
for phototherapy include epidermal diseases such
as atopic dermatitis [2], psoriasis [3], vitiligo [4],
photodermatoses, mycosis fungoides [5], and diseases
due to deep cutaneous lesions (e.g., scleroderma).

The most commonly used photosensitizer when
taking this approach is 8-methoxypsoralen (8-MOP).
Considered one of the best generators of singlet
oxygen and superoxide radicals among psoralens [6],
8-MOP is activated by ultraviolet radiation (UV) to
form pyrimidine compounds inside cells (Fig. 1). After
intercalating one psoralen molecule into the DNA
double strand, one photon of light is absorbed under UV
irradiation, followed by binding of a thymine base and
absorption of an additional photon of light, binding of
another thymine base, and so on. DNA-psoralen cross-
linking inhibits DNA replication and causes cell cycle
arrest [7]. This induces a number of antipolyferative,

antiangiogenic, apoptotic and immunosuppressive
effects [8].
0
/ NH uv
o SN
O (6] N (0]
8-MOP Thimine

Photoadduct

Fig. 1. Chemical structure of 8-MOP
and its photoaddition to DNA

In studies comparing the efficacy of treatment
methods, oral administration of PUVA solution
was found to be more effective than parenteral
administration [9]. However, gastrointestinal side
effects, psychiatric disorders, optic nerve damage,
and increased risk of melanoma and squamous cell
cancer are possible [10]. Furthermore, 8-MOP is
virtually insoluble in water and thus exhibits uneven
absorption from the gastrointestinal tract, including
inter-subject variability in plasma concentration [11].
Hence, the proposed topical therapy of 8-MOP
is a more effective approach to enhance the
bioavailability of the drug.

Various delivery systems designed to ensure
the required Ilevel of resorption of 8-MOP,
such as niosomes [12], nanoemulsions [13],
microemulsions [14], and solid lipid nanoparticles [15],
have been previously prepared and investigated
to improve the transdermal penetration of 8-MOP.
Conventional dosage forms such as ointments, creams
and gels can be used as a carrier for 8-MOP nanosystems
for topical application.

In addition to the necessity for research on the
selection of drug delivery systems, it is important to
develop and validate analytical techniques for detecting
and quantifying 8-MOP content in soft dosage forms.
High performance liquid chromatography (HPLC)
equipped with a spectrophotometric detector, such as
the Diode Array Detector (DAD), is one of the most
commonly used quantification methods due to its
versatility and ease of use [16, 17].

HPLC, namely its reversed-phase variation, is the
simplest and most sensitive method for the quantification
of 8-MOP, based on the peculiarities of its structure and
physicochemical properties. Various parameters for
instrumental analysis of 8-MOP have been described
in the literature. Pitzanti ef al. used a chromatograph
with fluorescence detector at wavelengths of 317 and
445 nm. The analysis was an isocratic elution on an
X Terra RP18 column (3.5 um, 4.6 x 100 mm, Waters,
USA). The mobile phase used was water, methanol
and acetonitrile in a volume ratio of 40 : 40 : 20.
Mahmoud et al. performed detection using UV detector
to determine the 8-MOP content [18]. The researchers
selected the conditions for the determination of 8-MOP
on ACE® C18 column (5 pm, 4.6 x 150 mm, Advanced
Chromatography Technologies, United Kingdom) in
isocratic elution mode with methanol/water mobile
phase in the volume ratio of 60 : 40. Detection was
performed at a wavelength of 300 nm. Ageev et al.
proposed a technique using a spectrophotometric
detector [19]. This approach used a Symmetry Shield
C18-RP column (5 um, 250 x 4.6 mm, Waters, USA)
with a mobile phase consisting of phosphate buffer with
pH 5.6 and acetonitrile in a volume ratio of 50 : 50, and
detection was performed at a wavelength of 285 nm.
Kulikov et al. modified the previously described
technique and used an acetonitrile/water system in
a volume ratio of 50 : 50 as the mobile phase [20].
Barradas et al. used a chromatograph with UV detector
and a NovaPak C18 column (150 x 3.9 mm, Waters,
USA) [13]. The mobile phase was water and methanol
in the ratio of 65 : 35. Detection was performed at
a wavelength of 300 nm.

These methods have a number of disadvantages:
the use of salt buffers in the mobile phase can lead to
an increase in the working pressure of the equipment
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and, accordingly, additional efforts to maintain the
performance of the device. An additional disadvantage
pertains to the use of methanol, which belongs to the
group of particularly dangerous poisons and is under strict
control and accounting. For this reason, the development
of new analytical techniques for the determination of
8-MOP is still an urgent task'.

Thus, the aim of the present study the development
and validation of a new, more accurate, reproducible,
selective, stable, highly sensitive methodology for the
determination of the quantitative content of 8-MOP in
a soft dosage form of the gel used in psoriasis therapy.
In this case, the analytical methodology and validation
procedures was carried out in accordance with the
guidelines of good manufacturing practice and in
compliance with the recommendations of the rules of
production and quality control of medicines? and the
15th Edition of the State Pharmacopoeia of the Russian
Federation®.

MATERIALS AND METHODS

Reagents and materials

Inthe study to determine the quantitative contentof 8-MOP
in soft dosage form, 8-MOP substance (Henan Tianfu
Chemical Co., China) was used, as well as the following
reagents: acetonitrile (highest purity, Cryochrom,
Russia), water for chromatography (deionized water
with electrical conductivity >0.18 mOhm/m).

Table 1. Composition of gel with 8-MOP

The object of the study was a laboratory sample in the
form of a gel with 8-MOP (hereinafter, “the gel”), whose
composition is presented in Table 1.

Equipment

For sample preparation, Pioneer PA214C electronic
analytical scales (China) were used. Preparation
of water for chromatography was carried out using
a Vodoley-M water deionizer (Khimelektronika, Russia).
The studied samples were prepared using an ultrasonic
bath (Sapfir, Russia). The study was carried out using
a Chromaster 5000 chromatograph (Hitachi, Japan),
equipped with a PUMP Chromaster 5160 universal
pump module, 5430 Diode Array detector,
5310 Column Oven column thermostat and automatic
dosing device, 5260 Autosampler. Control and data
processing were carried out using the MultiChrome
version 3.4 software®.

Statistical processing of the results was carried
out in accordance with General Pharmacopoeia
Article (GPA) 1.1.0013.15 “Statistical processing of
chemical experiment results™ using Microsoft Office
Excel 2016 software.

Chromatography conditions

The chromatographic analysis conditions and
chromatographic system suitability requirements are
presented in Table 2.

Components Manufacturer Concentration, wt %/wt
8-Methoxypsoralen Henan Tianfu Chemical Co., China 0.67
Clove oil Naturalnye masla, Russia 7.95
Pluronic F68 Sigma-Aldrich, USA 1.06

Hydroxyethyl cellulose 250 HHX

Natrosol™ 250 G PHARM, Ashland,

1.4

Purified water
(PA.2.2.0020)

88.92

1 https://regulation.cacunion.org/upload/iblock/4ec/jsw9jphfil xvwlfovtdotsb8y21z5322/ria_30062017 mdoc.pdf/. Accessed March 11, 2025.
2 https://meganorm.ru/Data2/1/4293828/4293828749.pdf/. Accessed March 11, 2025.

March 11, 2025.

https://pharmacopoeia.ru/wp-content/uploads/2016/11/0OFS.1.1.0013.15-Statisticheskaya-obrabotka-rezultatov-eksperimenta.pdf.

https://pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-1/validatsiya-analiticheskikh-metodik/. Accessed March 11, 2025.

https://multichrom.ru/documentation/manuals/. Accessed March 11, 2025.

Accessed
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Table 2. Chromatographic parameters

Parameter

Value

Kromasil EternityXT-5-C18, 5 um, 250 x 4.6 mm,

Column (Nouryon, No. X05CLA25)

Elution Isocratic

Mobile phase Acetonitrile : water (50 : 50% v/v)

Flow rate 1.0 mL/min

Temperature of column 25°C

Detection wavelength 250 nm

Injection volume 20 uL

Run time 10 min

System suitability requirements
Number of theoretical plates (V) At least 5000
Relative standard deviation (RSD) At least 3.0%
Asymmetry Factor (As) 0.8<As<1.5

Sample preparation methods

8-MOP reference standard sample solution
(0.67 mg/mL)

67.0 mg (exact weighing) of 8-MOP substance was
placed in a 100-mL volumetric flask, dissolved in
acetonitrile, brought to the mark with the same solvent,
and mixed.

8-MOP standard sample solution
(0.067 mg/mL)

1.0 mL of the initial solution of 8-MOP standard sample
was taken into a 10-mL volumetric flask, dissolved in
acetonitrile, brought to the mark with the same solvent,
and mixed. The resulting standard sample solution was
filtered through a 33-mm Millipore Millex-HN Nylon
0.45 um syringe filter (Merck Millipore, Germany) and
transferred to a chromatographic vial.

Gel solution (10 mg/mL)

1.0 g (exact weighing) of gel was placed in a 100-mL
measuring flask, 85 mL of acetonitrile was added;
following treatment with ultrasound for 30 min,
the volume of the solution was brought to the mark
with acetonitrile. The resulting solution was filtered
using a 33-mm Millipore Millex-HN Nylon 0.45 pm
syringe filter and transferred to a chromatography
vial.

Course of analysis

To determine the quantitative content of 8-MOP in the
gel, sequential chromatographic analysis of the working
solution of 8-MOP standard sample (at least 5 times) and
the gel solution injected in triplicate was carried out.

Calculations

The content of 8-MOP (Cg y qp> mg/g) in the soft dosage
form was determined according to formula (1).
c ~ Sgel “dgmop Vsts, 1100-P
8-MOP g -100-10-a,, -100
8-MOP Agel
_ Sgel “ag vop 1100+ P _
Ss-mop +100-10- a,; -100

(M

Sgel *agmop P
Sg_MoP A -1000

where Sg ,;opand Sge ar€ average values of 8-MOP peak
areas on chromatograms of 8-MOP standard sample
solution and gel solution, respectively; ag \qp is the
8-MOP standard sample weight, which was used to
prepare a stock solution of 8-MOP standard sample, mg;
Vs 1 the aliquot of the stock solution of 8-MOP
standard sample used for final dilution, mL; e is gel
weight, g; P is a content of the main substance in the
standard sample, %.
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Method validation
Specificity

The specificity of the methodology for the quantification
of 8-MOP in the gel was proved by comparing the
chromatograms obtained by analyzing the solvent
(acetonitrile), 8-MOP standard sample solution and gel
solution.

Linearity and analytical domain

The linearity and analytical range of the methodology
for the quantification of 8-MOP was established using
8-MOP standard sample solutions with concentration
levels of 80%, 90%, 100%, 110%, and 120% of the
nominal loading. The solutions were prepared by
diluting the stock solution with a concentration of
0.67 mg/mL. The analysis was carried out in threefold
repetition. According to the obtained results, a graph
of the dependence of the peak area of 8-MOP on
concentration was plotted. Using the mathematical
dependence, the linear regression was calculated, and
the correlation coefficient was determined (R?).

Limit of detection and limit of quantification

As recommended by the State Pharmacopoeia, the limit
of detection (LOD) and limit of quantification (LOQ)
were determined by the ratio of analytical signal height
to noise level. These parameters are determined using
equations (2) and (3), respectively:

LOD:M.C’ (2)
H

10-h

LOQ = C, (3)

where £ is the background noise level, H is the
8-MOP peak height, C is the 8-MOP solution
concentration.

Correctness

The correctness of the method was evaluated by the
additive method by analyzing 9 individually prepared
solutions of 8-MOP standard sample with concentration
levels of 80%, 100%, 120% of the nominal loading in
three repetitions each. The solutions were prepared
by diluting the stock solution (concentration
0.67 mg/mL).

According to the results of the analysis, the response
factor (RF) was calculated by formula (4).

__experimental value

RF -100% . (4)

real value

Based on the nine calculated values of the response
factor, the relative standard deviation (RSD) and confidence

interval were determined using equations (5) and (6),
respectively.

RSD =——-100% )

xav

where s is the standard deviation of the measurement
series and x,, is the average value of the variable being
changed.

P

N (6)

where #(P, f) is the tabular value of Student’s
criterion at P (confidence level) = 95%, f (number of
degrees of freedom) = §; s is the standard deviation
of the measurement series; n is the number of
measurements.

Precision (repeatability)

To assess the precision (repeatability) of the methodology,
we used a variant in which we prepared six solutions of
8-MOP standard sample with a concentration level of
100% of the nominal loading (the preparation procedure
is described in the Linearity section).

According to the results of measurements, the
relative standard deviation of peak areas of 8-MOP was
calculated by formula (5).

Intra-laboratory (intermediate) precision

To assess the intra-laboratory precision of the
methodology, six solutions of 8-MOP standard sample
were prepared each with a concentration level of 100%
of the nominal loading (the preparation procedure
is described in the Linearity section). Two chemists
analyzed the prepared solutions through a complete
analytical procedure from sample preparation to results
on different days.

From the measurements of each of the two analytical
sessions, the relative standard deviation of the 8-MOP
peak areas was calculated using formula (5). Fisher’s
criterion () for two analytical sessions was calculated
by formula (7).

F=2L )

where s? are dispersions of the first and second series of
measurements.

Stability

To assess stability, a solution of 8-MOP standard sample
was prepared with a concentration level of 100% of
the nominal loading (the preparation procedure is
described in the Linearity section). The solution was
chromatographically analyzed at column temperatures
differing by +5% from the temperature stated
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in the methodology, i.e., at 23.5 and 26.5°C, respectively.
The flow rate was also varied by 5% from the value
stated in the method.

The relative standard deviation of the peak areas
of 8-MOP at different chromatography conditions was
calculated from the results of measurements according
to formula (5).

RESULTS AND DISCUSSION

Development of a quantitative
determination methodology

Despite the many techniques already developed and
validated for the quantification of 8-MOP, previous
studies have not provided evidence of the reproducibility
and performance of these approaches during routine
laboratory analysis.

When developing the methodology for quantitative
determination of 8-MOP in soft dosage form by HPLC,
several variants of chromatographic columns differing
in the type of filler were used. The low solubility of
the detected substance in aqueous media was taken
into account during the selection of the stationary
phase to indicates the preferable use of sorbent with
octadecyl phase (C,) grafted to silica gel [21]. Since
the properties of the stationary phase can change over
time during use or simply storage [22], two columns
with similar stationary phase characteristics were
used in the development process: a Luna C18(2)
5 pm, 250 x 4.6 mm column (Phenomenex, USA) and
a Kromasil Eternity XT-5-C18, 5 pum, 250 x 4.6 mm
column. From the evaluation of the suitability of
the chromatographic system, the efficiency of the
Luna C18(2) column was found to be 1400 theoretical
plates, which did not meet the suitability requirements
for the chromatographic system. Since the Kromasil
EternityXT-5-C18  column demonstrated higher
efficiency (15000 theoretical plates) under otherwise
identical conditions, it was selected as the primary
column for the analytical methodology for the
quantification of §-MOPs.

Further, the effect of introducing acetonitrile and
methanol as an organic modifier into the mobile phase
was evaluated. The use of acetonitrile resulted in
optimal resolution in a short period of time (less than
10 min), while the use of methanol as a component of
the mobile phase caused a change in the asymmetry
of the peak of the detected substance, which does
not meet the requirements of the suitability of the

chromatographic system. In the course of further
studies, we varied the volume content of acetonitrile
in water for chromatography in the range of 20-50%
due to the insufficient dissociation of the lower water
content in the silanol groups [23]. Eluents with higher
water content (more than 50%) cause dehydration
of the stationary phase [24]. Under these conditions,
a hydrocarbon film formed due to dispersion
interactions between the alkyl groups of the stationary
phase becomes stronger than when interacting with
the eluent, which actually blocks the interaction of
the synol groups with 8-MOP. Optimal sensitivity
and resolution were achieved at an acetonitrile/water
ratio of 50 : 50% (v/v) and a mobile phase flow rate of
1.0 mL/min.

Evaluation of the electronic absorption spectrum of
8-MOP (Fig. 2) using DAD, showed that the maximum
response is observed at absorption of radiation with
a wavelength of 250 nm.

[N
(=]

Absorption, a.u.
s

220 240 260 280 300 320 340 360 380 400
Wavelength, nm

‘ Fig. 2. Spectral analysis of 8-MOP

Method validation

Validation of the method was performed in accordance
with GPA.1.1.0012.15 “Validation of Analytical
Methods™® and the document “Guide for Validation of
Analytical Methods™’ for the following characteristics:
specificity, LOD, LOQ, linearity, analytical range,
correctness, repeatability (convergence), intra-laboratory
(intermediate) precision.

Specificity

To assess the specificity of the methodology for the
quantification of 8-MOP, the following model samples
were analyzed: solvent (acetonitrile), 8-MOP standard
sample solution and gel solution.

The chromatograms of the solvent (Fig. 3), 8-MOP
standard sample solution (Fig. 4), and gel solution
(Fig. 5) are as presented below.

In the chromatogram of the blank sample (solvent),
there are no peaks with retention times corresponding

6 https:/pharmacopoeia.ru/ofs-1-1-0012-15-validatsiya-analiticheskih-metodik/. Accessed March 11, 2025.

7 https://regulation.eacunion.org/upload/iblock/4ec/jsw9jphfilxvwlfOvtdotsb8y21z5322/ria_30062017 mdoc.pdf/. Accessed March 11, 2025.
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Fig. 3. Chromatogram of solvent
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Fig. 4. Chromatogram of reference standard 8-MOP solution
(0.067 mg/mL)
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Fig. 5. Chromatogram of gel solution (10 mg/mL)

to a retention time of 8-MOP that could interfere with
the determination of the analyte. The retention time of
8-MOP on the chromatogram of the standard sample
solution (Fig. 4) is identical to that of the analyte
peak on the chromatogram of the gel solution (Fig. 5).
Thus, it is experimentally confirmed that the presence
of accompanying components and impurities does
not affect the analytical result and the technique is
specific.

LOD and LOQ

The LOD of 8-MOP was 0.006 pg/mL and the LOQ
was 0.02 pg/mL, allowing qualitative and quantitative
compositional evaluation of samples with low analyte
content.

Linearity and analytical domain

To confirm the linearity of the developed methodology,
chromatography of 8-MOP standard sample solutions
was performed with concentration levels of 80%, 90%,
100%, 110%, and 120% of the nominal value of 8-MOP
concentration in the standard sample solution (Table 3).
Solutions of each concentration level were analyzed in
triplicate.

Table 3. Linearity parameters

Concentration, % (éc_)ll\l/[c gll)friiig(;nmif Peak area, mAU's

5.36 2732.56

80 5.36 2712.03

5.36 2756.31

6.03 3074.36

90 6.03 3098.33

6.03 3058.87

6.7 3436.12

100 6.7 3415.33

6.7 3485.13

7.37 3757.21

110 7.37 3788.99

7.37 3741.22

1.2 4098.22

120 1.2 4134.12

1.2 4107.84
Slope 514.15
ey i
Linear correlation (R?) 0.9979

Based on the results obtained, a calibration plot
of the dependence of the peak area of 8-MOP on
the concentration of §-MOP in the standard sample
solutions was constructed (Fig. 6). Linear regression
was calculated using the mathematical dependence.
The correlation coefficient was 0.9979, which indicates
a linear relationship between concentrations and peak
area values of 8-MOP.
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| Fig. 6. Linear calibration curve

Correctness

To confirm the correctness of the methodology, nine
solutions were analyzed: three solutions having
a concentration level of 100% of the nominal value
of 8-MOP concentration in the standard sample
solution and three solutions each with a concentration
level limiting the linear range of the methodology,
i.e., 80% and 120% of the nominal value of 8-MOP
concentration in the standard sample solution,
respectively (Table 4).

Table 4. Accuracy parameters

The average value of the method opening parameter
used to evaluate the correspondence between the results
obtained with this analytical technique and the value
taken as true was 99.42%. All values of the response
factor are in the range of 95-105%, corresponding
to the limits required in the 15th Edition of the State
Pharmacopoeia of the Russian Federation.

Precision (repeatability)

The intra-laboratory precision of the 8-MOP
quantification technique was determined by analyzing
six similar solutions of 8-MOP standard sample at the
same concentration but on different days and by two
chemists (Table 5).

Precision was assessed by processing the
experimental data obtained during two analytical
sessions by calculating the relative standard deviation
of the concentrations found. The relative standard
deviation of the 8-MOP peak area for each analytical
session conducted on different days, by different
chemists, was <3.0%. The statistical equivalence of the
results obtained from the two analytical sessions of the
results was assessed by calculating Fisher’s criterion

Concentration, % Amount taken, mg/mL Peak area, mAU-s Amount found, mg/mL Response, %
80 5.36 2732.56 5.31 99.01
80 5.36 2712.03 5.27 98.26
80 5.36 2756.31 5.35 99.87
100 6.7 3436.12 6.67 99.60
100 6.7 3415.33 6.63 99.00
100 6.7 3485.13 6.77 101.02
120 8.04 4098.22 7.96 98.99
120 8.04 4134.12 8.03 99.86
120 8.04 4107.84 7.98 99.22
Statistical characteristics Results Eligibility criteria
Average, % 99.42 95-105
RSD, % 0.79 <3.0
The upper limit of the confidence interval (P = 95%), % 101.02
100
The lower limit of the confidence interval (P = 95%), % 98.26
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Table 5. Precision parameters

Chemist 1 Chemist 2
No.
Peak area, mAU-s Found concentration, mg/mL Peak areca, mAU-"s Found concentration, mg/mL

1 3426.24 6.65 3455.36 6.71
2 3355.69 6.52 3498.33 6.79
3 3512.67 6.82 3412.85 6.63
4 3478.98 6.76 3512.65 6.82
5 3504.22 6.80 3459.36 6.72
6 3400.25 6.60 3425.22 6.65

RSD, % 1.81 1.13

Fisher’s criterion F' (95; 5; 5) 2.54

(F-test). The value of Fisher’s criterion is less than the
tabulated value of Fisher’s criterion F (95, 5, 5) = 99.01,
indicating an insignificant difference between the results
of the two analytic sessions at 95% confidence level.
Thus, the conducted validation studies demonstrate that
the methodology provides comparable results under the
influence of additional random factors.

Table 6. Robustness parameters

Stability

To assess the stability of the methodology for quantitative
determination of 8-MOP, the standard sample solution was
chromatographed by varying the column temperature by
+5% from the temperature stated in the methodology, i.e.,
at 23.5 and 26.5°C, respectively. The deviation from the
eluent flow rate stated in the method was +5% (Table 6).

Column temperature, °C

Flow rate, mL/min

Peak area, mAU-s

23.5

1.0

3456.51

3524.12

3489.22

25.0

1.0

3512.36

3497.36

3524.98

26.5

1.0

3552.14

3547.56

3485.22

25.0

0.95

3458.69

3541.22

3567.54

25.0

1.05

3478.29

3500.27

3466.88

RSD, %

1.01
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Changes in flow rate and column temperature values
by £5% do not significantly affect the obtained results.
The relative standard deviation of the 8-MOP peak area
on the chromatograms of the standard sample solution of
less than 3.0% meets the requirements of the suitability
of the chromatographic system.

CONCLUSIONS

Thedescribed technique for the quantitative determination
of 8-MOP by HPLC offers a number of significant
advantages over most of the previously described
methods. The use of acetonitrile instead of methanol
as an organic modifier of the mobile phase allows
working in acetonitrile/water mixture at a wavelength
corresponding to the maximum response of the detector
at absorption of radiation by the substance. Elution of the
analyte in the presence of acetonitrile occurs earlier than
in the presence of methanol in the mobile phase. This
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