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AHHOTAIIUA

BBegenue. OKACIUTETHHBIA CTPECC UTPAET KJIIOUEBYIO POJIb B MTATOTEHE3€ PA3TUUHBIX 3a00I€BaHUI UeTOBEKA,
BKJIIOUAsi CEpPIEYHO-COCYIUCThIe DOJIE3HU, PAaK, HEBPOJIOTMUECKUE PacCcTpoiicTBa, 6oie3Hb [lapKuHCOHA, 60I€3Hb AJb-
nrefiMepa, BOCIAJINTEIbHbIE 3a00I€BaHUs, MBIIIIEUHYIO AUCTPOGUI0, 3a00I€EBAHUSA TTEUEHH, a TAKJKEe B CTAPEHUU Opra-
HH3Ma YesIoBeKa. PacrpocTpaHeHHOCTh 3THX 3a00JI€BAaHUN NPEACTaBisAeT cOO0M Cephe3HBIN BHI30B JJISI COBPEMEHHOU
MeuIuHbl. OTHUM U3 BO3MOKHBIX PEIIEHUH SABJISETCS pa3paboTKa HOBBIX (hapMaleBTUYECKUX CPECTB /IS PO UIIaK-
THKU U KOMILJIEKCHOTO JIEUeHHs 3TUX 3a00seBaHui. K TaKUM cpe/icTBaM OTHOCSTCS, B YaCTHOCTH, aHTHOKCUIAHTHI.

Il e 1 b . Pa3zpaboTka METOZMK CTAHAAPTU3AINU CEPOCOEPIKAIIETO aHTHOKCHUAAHTa 3-(3'-TpeT-0yTuia-4' -rumpoxcude-
Hu)nponuituocyiabbonar Hatpus (TC-13).

Matepuaab u MeTo bl . O6FbeKTOM HCCIEA0BaHUs OblIa CyOCTAHITHSI BOJIOPACTBOPHUMOTO aHTHOKCHAHTA
TC-13. IIpuMeHSITH METO/BI CIIEKTPO(POTOMETPHUH, BOJIBTAMIIEPOMETPUH, TUTPOBAHUS ¥ TOHKOCJIOHHOHN XpoMarorpaduu.
PesynbTarsbl . Pa3paboraHHble METOAUKH KOJIHYECTBEHHOTro ompejesieHus TC-13 BaJUAUPOBAHbI B COOTBET-
crBuu ¢ ODC.1.1.0012 «Banmupanusa aHATUTHYECKUX METOIUK» . KO UIIHEHT KOPPEAINU KaXK/0M METOTUKH HE MEHEE
0,997, OTHOCHUTEJILHOE CTaHZAAPTHOE OTKJIOHEHHe He 6osee 2 %.

3akiam0ueHUe. Pe3yabrarbl MPOBEIEHHOTO HCC/IEIOBAHUS CBUETEIHCTBYIOT O BO3MOKHOCTU HCITOJIBb30BAHUS
Ipe/iyIaraeMbIX METOAUK B KOHTPOJIE Ka4ecTBa HOBOTO BOJIOPACTBOPUMOTO aHTHOKcuaanTa TC-13.

Kaoueenble cao8a: aHTUOKCUIAHTHI CEPOCOJIEPIKAIME, CIEKTPOPOTOMETPHsI, BOJIbTAMIIEDOMETPUS, TUTPUMETPHSI,
TOHKOCJIOWHAsA XpoMaTorpadusi, KOHTPOJIb KauecTBa.

O6pasen mutTupoBaHusna: Mykyuasu B.T., TepeatbeBa C.B., Jlurocraes A.B., BanoBckas E.A., KanganuHie-
Ba H.B., Onetinuk A.C. PazpaboTka METOMK CTaHJAPTHU3AINH BOJOPACTBOPHMOIO CEPOCO/IEPIKAIIEr0 AaHTHOKCU/IAHTA
3-(3'-Tper-6yTni-4'-ruapoxcudenun)nponuatrocyiabdonart Hatpus (TC-13) // Journal of Siberian Medical Sciences.
2025;9(1):29-40. DOI: 10.31549/2542-1174-2025-9-1-29-40

Development of methods for standardization of a water-soluble
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ABSTRACT
Introduction. Oxidative stress plays a key role in the pathogenesis of various human pathologies, including
cardiovascular disease, cancer, neurological disorders, Parkinson’s disease, Alzheimer’s disease, inflammatory diseases,
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muscular dystrophy, liver diseases, and even human aging. The prevalence of the above diseases is a significant challenge
for modern medicine. One of the possible solutions is the development of novel pharmaceutical agents for the prevention
and comprehensive treatment of these conditions. Such agents include, in particular, antioxidants.

A i m . Development of standardization methods for a sulfur-containing antioxidant sodium 3-(3’-tret-butyl-4’-hydroxy-
phenyl)propylthiosulfonate (TS-13).

Materials and methods. The object of the study was a substance of the water-soluble antioxidant
TS-13. The methods of spectrophotometry, voltammetry, titration and thin-layer chromatography were used.
Results. The developed methods for the quantitative determination of TS-13 have been validated in accordance
with the General Pharmacopeial Monograph 1.1.0012 “Validation of analytical methods”. The correlation coefficient of
each method is not less than 0,997, the relative standard deviation is not more than 2%.

Conclusion. Theresults of this study demonstrate the potential for utilizing the proposed techniques in the qual-
ity control of a novel water-soluble antioxidant TS-13.

Keywords: sulfur-containing antioxidants, spectrophotometry, voltammetry, titrimetry, thin-layer chromatography,
quality control.
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BBEJAEHUNE

OKUCIIUTENTbHBIN CTPeCC UTPaeT KIYEBYIO POJIb
B IaTOTeHe3e Pa3/IMYHBIX 3a00JIEBAHUI UeJIOBEKa,
BKJIIOUAs CEPJIeYHO-COCYAUCThIe OO0JIe3HU, paK,
HEBPOJIOTHYECKHE PACCTPOUCTBA, 60J1e3Hb [1apKuH-
coHa, 0o0Je3Hb AJTBITEiMeEpa, BOCHATUTEIbHEIE
3a00J1€BaHNs, MBIIIEYHYIO AUCTpOodHIo, 3ab0seBa-
HUS [IeYeHU U JpyTHe, a TAK)Ke B CTAPEHUU YeJIoBe-
Yyeckoro opranusma [1]. PacmpocTpaHeHHOCTb 3TUX
3a00JIeBAHUI TIPEJICTABJISIET CEPhE3HBINA BBI3OB JIJIsl
COBpeMeHHOH MeAuIuHbl. OJTHUM U3 BO3MOXKHBIX
pellleHni sIBJsieTcs: pa3paboTKa HOBBIX (apMarieB-
TUYECKUX CPEJICTB /ISl MPOMIIAKTUKY U KOMILJIEKC-
HOTO JIeUeHUs 3TUX 3a0osieBanuii [2]. K Takum cpe-
CTBaM OTHOCSTCS, B YaCTHOCTH, aHTUOKCH/IAHTHI.

AHTHOKCH/IQHTBI TIOMOTAIOT KJIETKAM CIIpPaB-
JIATBCA C OKUCJIUTEJIBHBIM CTpeccoM, 3(pPeKTUBHO
ycTpaHssa ¢cBOOOIHBIE PAJUKAIbI U, TAKUM 00pa3oM,
UMEIOT MOTEHITNA JIJIsI MPOMIIAKTUKY YKa3aHHBIX
BbIlle 3ab0sieBanui [3]. Ha 6aze kadenapbl Xumuu
®I'bOY BO «HoBocuOUpCKHUEI TrocyZapCTBEHHBIH
negarorundeckuil yausepcurer» (HI'TIY) coBmectHO
¢ HUU xuMuy aHTHOKCUIAHTOB (CTPYKTYPHOE IO/I-
pasnenenue HITIY) cuHTe3UpOBAaHBI HOBBIE BOO-
pacTBOpUMBIE cepocojiepKarie HeHOIbHbIE aHTH-
OKCUZAHTBHI. /[yl WX IpPUMEHEeHHS B MeJULINHE
JIOJKHBI OBITh pa3paboTaHbl U CTAHAAPTU3UPOBAHBI
METOIMKY KOHTPOJIS X KauecTBa.

IIEJIb UCCJIEIOBAHUA

PaspaboTka METOAUK CTaHAAPTU3AINU CyOCTaH-
¥ BOZOPACTBOPHUMOIO CEPOCOIEPIKAIIETO AaHTHOK-

INTRODUCTION

Oxidative stress plays a key role in the pathogen-
esis of various human pathologies, including cardio-
vascular diseases, cancer, neurological disorders,
Parkinson’s disease, Alzheimer’s disease, inflamma-
tory diseases, muscular dystrophy, liver diseases and
others, as well as human aging [1]. The prevalence of
these diseases is a significant challenge for modern
medicine. One of the possible solutions is developing
novel pharmaceutical agents for the prevention and
comprehensive treatment of these conditions [2].
Such agents include, in particular, antioxidants.

Antioxidants help cells cope with oxidative stress,
effectively eliminating free radicals, and thus, have the
potential to prevent the aforementioned diseases [3].
Novel water-soluble sulfur-containing phenolic anti-
oxidants have been synthesized at the Department of
Chemistry of the Novosibirsk State Pedagogical Uni-
versity (NSPU) in cooperation with the Research
Institute of Antioxidant Chemistry (a structural unit
of NSPU). For their use in medicine, quality control
methods should be developed and standardized.

AIM OF THE RESEARCH

Development of standardization methods for the
substance of a water-soluble sulfur-containing anti-
oxidant sodium 3-(3’-tret-butyl-4’-hydroxyphenyl)
propylthiosulfonate (TS-13).

MATERIALS AND METHODS

The object of the study was the substance of the
water-soluble antioxidant TS-13 synthesized at the
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Puc. 1. Xumnueckas ¢popmysna TC-13
Fig. 1. Chemical formula of TS-13

cuganta 3-(3'-TpeT-6yTHia-4'-ruapoKcudeHIT)IPo-
mwrtnocyabdoHat HaTpus (TC-13).

MATEPUWAJIBI 1 METO/1bI

O6bexTOM ucceoBaHuA Obia  cybcraHIUA
BOIOPACTBOPUMOro aHTUokcuganta TC-13, cuHTe-
3upoBaHHasa Ha Kadeape xumuu HI'TIY coBmecTHO ¢
HWU xuMuu aHTUOKCU/IAHTOB (pHUC. 1).

CrextpanbHble xapakTtepuctuku TC-13 omnpene-
JieHbl Ha criektpodoromerpe CP-56 (Poccus). Usy-
YeHUe JJIEKTPOXUMUYECKUX CBOUCTB CyOCTaHIIUH
MIPOBO/IWJIM HA IOJIyaBTOMATHUUECKOM aHAJIN3aTOpe
TA-4 (OOO «HIIIT «TombaHamut», TOMCK) ¢ Ipo-
rpaMMHbIM obecrieuenueM VALabTx B koMILIeKTe.

Bce npuMensemble peakTHUBBI UMeIN KBaIU(DU-
KallUI0 «XUMHUYECKU YUCTble» WJIM «YUCThle JJIsd
aHanu3a». AHaJIUTHYECKHE METOJUKHU BaJIUJUPO-
BaHBI corslacHo O®C.1.1.0012 «Banupanua a”Haiu-
THYECKUX METOIUK» II0 CJIEIYIOIINM XapaKTepUCTH-
KaM: cnenudUIHOCTh, JUHEHHOCTD, IPeJie]l 00Hapy-
JKEeHUsA, TpefieJl KOJIMYEeCTBEHHOTO OIpesiesIeHus,
NIPaBUJIBHOCTD, IIPEIU3UOHHOCTh. CTaTUCTUYECKYIO
06paboTKy MOJIy4EHHBIX Pe3YJIbTaTOB IIPOBO/YIIM B
cootBeTcTBUU ¢ O®C.1.1.0013 «CraTucrtuyeckas
00paboTka pesyabTaToB (U3HUYECKHX, (PUBUKO-
XUMHYECKHUX U XUMUYECKUX UCIBITAHUN» [4].

PE3YJ/IBTATDBI 1 OBCY KAEHUE

JIJ1s1 KauecTBEHHOW U KOJIHMYECTBEHHOH OIl€HKH
CyOCTaHITUH WU JIEKAPCTBEHHOU (POPMBI UCIIOIb3Y-
oTcsd  QUBUKO-XMMUUECKUE METOZbl, TaKhe Kak
crekTpodoTOMETpUsA, XpoMaTorpadus, BojabTaMIle-
poMetpus u Jip. OHU MO3BOJIAIOT OIIEHUTH KAYE€CTBO
U KOJIMUECTBO JIEKAPCTBEHHBIX CPEJICTB, BCIIOMOTa-
TEJIPHBIX BEIECTB, UCIOJIb3yeMbIX B (hapMaleBTH-
YeCKOU MPaKTUKe, IPU TOM UCIbITYyeMble 00pas3Iibl
MOTYT HAXOAUTHCA B KUJIKOM, TBEPAOM WJIH Ta30-
00pa3HOM COCTOSTHUH [5].

B s1aHHOM WHcC/IeJOBAHUM HCIIOJIb30BAJIM METO/I
crieKTpoOTOMETPUU B BUAUMOM 0O0OJIACTH CIIEKTPa
MIOTJIOIIEHUS.

Department of Chemistry of NSPU in collaboration
with the Research Institute of Antioxidant Chemis-
try (Fig. 1).

The spectral characteristics of TS-13 were deter-
mined using an SPH-56 spectrophotometer (Rus-
sia). The electrochemical properties of the substance
were studied using a TA-4 semi-automatic analyzer
(Tomanalyt LLC, Tomsk) with VALabTx software.

All reagents used were qualified as “chemically
pure” or “pure for analysis”. Analytical methods are
validated according to the General Pharmacopeial
Monograph (GPM) 1.1.0012 “Validation of analytical
methods” according to the following characteristics:
specificity, linearity, limit of detection, limit of quan-
tification, accuracy, precision. Statistical processing
of the obtained results was carried out in accordance
with the GPM.1.1.0013 “Statistical processing of the
results of physical, physico-chemical and chemical
tests” [4].

RESULTS AND DISCUSSION

Physico-chemical methods such as spectropho-
tometry, chromatography, voltammetry, etc. are
used for qualitative and quantitative assessment of a
substance or dosage form. They make it possible to
assess the quality and quantity of medicines and
excipients used in pharmaceutical practice, while the
test samples can be in a liquid, solid or gaseous
state [5].

In this study, the method of spectrophotometry in
the visible light range was used.

Technique: 0.1 g (accurately weighed quantity) of
TS-13 was placed in a 100 ml graduated flask and
dissolved in 10 ml of purified water, then diluted to
the volume with the same solvent (solution A).
A similar procedure was performed for dissolving
TS-13 in hydrochloric acid (0,1 M HCl) and sodium
hydroxide (0,1 M NaOH) — solutions B and C, respec-
tively. Solutions of TS-13 with a concentration of
0,005% or higher were prepared by dilution for fur-
ther investigation.
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Puc. 2. Cuekrpodoromerpusi TC-13 B 3 pacTBOPUTEIISIX: KpaCHBIH 1iBeT — 0,1 M NaOH
(A = 296 um); 3enenbii 1Ber — 0,1 M HCI (A = 276 uM); cunuii niBeT — Boza ounleHHas (A = 276 Hm)
Fig. 2. Spectrophotometry of TS-13 in 3 solvents: red — 0,1 M NaOH (A = 296 nm);
green — 0,1 M HCI (A = 276 nm); blue — purified water (A = 276 nm)

Metoauka: 0,1 T (Tounass HaBecka) TC-13 mome-
[aJIM B MEPHYIO K010y 00HEMOM 100 MJI U PACTBO-
PsUTH B 10 MJT BOZ[bI OUHUIIIEHHOM, 3aTEM JIOBOIITH /IO
METKH TEM K€ pacTBopuresieM (pactsop A). AHajo-
TUYHO ITPOBOIWIIN IIPOIlelypy pactBopenus TC-13 B
xJ10poBoiopoaHON kuciore (0,1 M HCI) u rugapok-
cuye Hatpus (0,1 M NaOH) — pactBops! b u B coot-
BETCTBeHHO. IlyreM pasBe/ileHUs] TOTOBHWJIM pac-
TBOPBI TC-13 C KOHIIEeHTpanue 0,005 % ¥ BBIIIIE 7151
JAJIbHEHIIIEro UCCaeIOBAHUA.

Ha puc. 2 npeacrasnen crektp TC-13 Bo Bcex
3 pacrBopuTtesax. Cuexkrpodoromerpudeckuii aHa-
au3 mokazas, uro TC-13 B BOjAe OYHINEHHOH B
V®-ciektpe uMes CTaOWIBHBIM MaKCUMyM IIpU
JUTHHE BOJIHBI 276,0 HM. [ToaTOMY /U151 TaTbHENTIIETO
HCCIIEZI0OBAHUSA UCIIOJIb30BAJIN B KAUECTBE PACTBOPH-
TeJIsT BOYy OYHINEHHYIO, TaK Kak cyocranius TC-13
JIETKO PaCcTBOPSLJIACH B BOJIE.

PesysbTaThl BaIHAANNU CIIEKTPOGOTOMETPUYE-
CKOM METOJVKU KOJIMYECTBEHHOTO OIIpe/IeIeHHs
TC-13 nipesictaByieHbl B Ta0JI. 1.

Kak BuyiHO 13 Tabs1. 1, KO3(PPUIHEHT JTUHEHHO-
CTHU COCTaBJISIET 0,9979, UTO CBUJIETEICTBYET O IIPO-
TMIOPIIMOHAIPHON  3aBUCHUMOCTA  AQHAJTUTHIECKOTO
curHayia oT KoHneHtpanuu TC-13 B HCIBITYyeMOM
obpasrie, a Tak:Ke 0 CrenuPpUIHOCTH TPUMEHSIeMOH
metonuku B 1esioMm. Koaddumuent CrwiozeHTa,
MOJTyYeHHBbI pPACUETHBIM ITyT€M, HE IIPEBBIIIAET

Fig. 2 shows the spectrum of TS-13 in all 3 sol-
vents. Spectrophotometric analysis showed that
TS-13 in purified water in the UV spectrum had a
stable maximum at a wavelength of 276,0 nm. There-
fore, for further study, purified water was used as a
solvent, since the TS-13 substance is freely soluble in
water.

The results of validation of the spectrophotomet-
ric method for the quantitative determination of
TS-13 are presented in Table 1.

As can be seen from Table 1, the linearity coeffi-
cient is 0,9979, which indicates the proportional
dependence of the analytical signal on the concentra-
tion of TS-13 in the test sample, as well as the speci-
ficity of the applied technique in general. The calcu-
lated value of t in Student’s t-test does not exceed the
reference value; therefore, the proposed method is
not burdened with a systematic error and corre-
sponds to the validation parameter of precision.

Simultaneously, to compare and confirm the
accuracy of the spectrophotometric method, a
voltammetric method for quantitative determination
of the TS-13 substance was used, based on determin-
ing the relationship between the current strength
and externally applied voltage in an electric cell com-
prising a polarizable (working electrode) and non-
polarizable (reference electrode) electrodes [6]. The
high sensitivity and specificity of the method make it
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Ta6smmua 1. Pe3ysibTaThl BaauAaL U1 CIEKTPOPOTOMETPUYECKON METOAMKH KOJHYECTBEHHOT0 onpeesenus TC-13
Table 1. The results of validation of the spectrophotometric method for the quantitative determination of TS-13

XapakTepucTuka PaccuuraHHoe/dakTHUecKoe 3HauYeHMe onpe/esisieMbIX IapaMeTPOoB
Parameter Calculated/virtual value of the parameters to be determined
CnenuduyHOCTD H3Mepsiiv HyJIEBOH pacTBOP: MaKCUMYM NPU YKa3aHHOU AJIMHE BOJIHBI 276 HM OTCYTCTBOBAJI
Specificity Blank solution was measured: the maximum at the afore-referenced wavelength of 276 nm was
absent
JIMHEeHHOCTb y=0,9614x +0,0001; r=0,9979
Linearity R
= 0,012
o
5=
< .
E5 0010
z g
2 é 0,008 *
=
g3
2 0,006
K=
E‘ § ¥
23
2= 0,004
g
P
S5 0002
[0}
=&
o'm
C% O T T T T T T T T T T T
0 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009 0,010 0,011
Konnenrpanus, % / Concentration, %
[Ipenen o6HApYKEHUS 0,001 %

Limit of detection

[Ipenen konnvyectBeHHoro 0,0023 %
onpe/ie/ieHHs
Limit of quantification

[IpaBU/IBHOCTH t =0,94; bsnjret = 231 (p=95%,f=8)
Accuracy b <t nseer

BHyTpuiabopaTtopHas s =0,0000896; RSD =1,79 %
MPeU3UOHHOCTh bsenjeale = 1,12; batnjret = 2,23 (p=95%, f=10)
Intermediate precision t <t

a Tats/ref

TabJIMYHOTO 3HAUEHU, CJIEI0BATENIBHO, IIPe/JIarae-
Mas HaMH METO/IUKA He OTATOIIeHAa CHCTeMaTude-
CKOU OIMMOKOH W COOTBETCTBYET BaJIMIAITMOHHOU
XapaKTEePUCTHKE MPEIU3UOHHOCTH.

JlJ1s1 cpaBHEHWUS U TOATBEPIKAEHUS PABUIBHO-
CTH CeKTPODOTOMETPUUECKON METOAUKHU Hapasi-
JIeJIbHO OBLJIa MCIOJIB30BaHA BOJIBTAMIIEDOMETPH-
YecKas MEeTOJUKA KOJIMYECTBEHHOTO OIpe/IeIeHUs
cy6craniuu TC-13, oOCHOBaHHAs Ha OINpeJIeJIEHUN
3aBUCUMOCTH MEX/Iy CUJIOW TOKAa U I107aBa€MbIM
U3BHE HAIpsKEHUEM B JJIEKTPUUECKOHN fAdelkKe,
COCTOSIINEN W3 TOJISIpU3yeMoro (paboduil sJiek-
TPOJ) ¥ HEMOJIIPU3YEMOTO (3JIEKTPO/T CPABHEHUSI)
2JIEKTPOZ0B [6]. BBICOKAass UyBCTBUTEIBHOCTh H
cuenudUIHOCTh METO/Ia MO3BOJISIOT OIPENEJISTh
HUYTOXKHBIE KOJINYECTBa AHATU3UPYEMBIX
BellecTB B Ouosiormyeckux obpasmax. Iloatomy

possible to determine negligible amounts of analytes
in biological samples. Therefore, we developed the
voltammetric method for analyzing TS-13 not only to
confirm the spectrophotometric method, but also
with the prospect of studying this substance in bio-
logical samples, which is necessary for performing
pharmacokinetic studies [7, 8].

Voltammetry parameters: working electrode is
glass-carbon; reference electrodes are silver-chloride
(Ag/AgCl, 3 M KCl); background electrolyte is a mix-
ture of sodium hydroxide (2 M NaOH) and potas-
sium chloride (3 M KCl); voltammogram recording
mode: start of sweep —1,0 V, end of sweep 0,5 V;
speed of sweep 50 mV/s; the measuring range of the
signal is 0,3 £ 0,1 V.

Technique: 0.1 g (accurately weighed quantity) of
TS-13 was placed in a 100 ml graduated flask and
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MBI pas3pabaThIBajii BOJBTAMIIEPOMETPUUECKYIO
MeTouKy aHanuza TC-13 He TOJBKO AJs IOA-
TBEPIKIEHUs CIHEKTPODOTOMETPUUECKOH METO-
MUKW, HO U C IEPCIEKTUBON HCCIENOBAHUS JIaH-
HOU cybcTaHIIUM B OMOJIOTHYECKHX 0Opasiax, 4To
HeoOX0UMO ISl TpPOBeleHUs (papMaKOKWMHETH-
JecKHX uccaenoBanuii [7, 8].

[TapameTpbl  BOJIPTAMIIEDOMETPHUU: pabOUUH
BJIEKTPOJl — CTEKJIOYTJIEPOAHBIH; DJIEKTPOBI CPaB-
HeHHs1 — xyopcepebpsuble (Ag/AgCl, 3 M KCD);
(pOHOBBIH BIJIEKTPOJIUT — CMeCh HATPHUs TUIPOKCUA
(2 M NaOH) u xanusa xiopuza (3 M KCl); pexum
3alliCH BOJIBTAMIIEPOTPAMMBI: HAYaJIO Pa3BEPTKU
—1,0 B, xoner pa3BepTku 0,5B; CKOpOCTh pa3BepTKHU
50 MB/c; obJ1acTh n3MepeHus curuasia 0,3 + 0,1 B.

Meroauka: 0,1 r (Tounas HaBecka) TC-13 mome-
[AJIM B MEPHYIO K010y 00beMOM 100 MJI B PACTBO-
psin B OMIUCTUIMPOBAHHON BOJIE, 3aTEM J[OBO-
JITH 10 METKU OWIUCTUUIMPOBAHHOW BOJOU —
pabounii pactBop. O6BeM IPOOHI B sTUekiKe ¢ (HOHO-
BBIM 3JIEKTPOJIUTOM U MPOOOH COCTABJISLI 10 MKJIL.

Ha pwuc. 3 mpencraBieHa BoOJIbTaMIIEpOrpaMma
cyocranuu TC-13.

Pe3ysbTaThl BaJIUAAIUNA BOJIBTAMIIEPOMETPUYE-
CKOH METOJIMKU KOJINUECTBEHHOTO OIIpefeIeHuUs
TC-13 ipejicTaByieHbI B Ta0JI. 2.

JlaHHbIe, IpUBEIEHHBIE B Ta0OJI. 2, TIOKA3bIBAIOT,
YTO  IpeAsiaraeMas  BOJIBTAMIIEPOMETpUYECKas
MEeTO/IMKA MOKeT OBITh HCIIOJIb30BaHA JJI KOJIUde-
CTBEHHOU OIIEHKH B MOJIEJIbHBIX PACTBOPAX U OMOJIO-
rHYecKux o0pasnax mHpu Ipezesie OOHAPYKEHUS
0,104 Mr/JI1.

Taxoke Hamu ObLT pa3paboTaH METOM TUTPOBAHUS
Kak HauboJiee MPOCTOH W JOCTYIHBIM METOJ JIJist
KOJIMUECTBEHHOH OIEHKH (apMareBTUIeCKuX cyo-
cTaHnuil. M3BeCTHO, YTO OpraHUYECKHe CYIb(MUIIbI
(IpUCYTCTBYIOT B CTPYKTYPHOU (OpMYyJIe U3ydaeMou
cyOCTaHIIMM), IPEJITOJIOKUTENIHHO 3a CUET JJOHOPHO-
aKIENTOPHOTO B3aWMOJZIEHCTBUs, 00pa3yloT KOM-
IJIEKCHBIE COEUHEHUSI C COJISIMU TSXKEJTBIX METAJLIOB
[9, 10]. Ha cocraB u CTpyKTypy 006pa3yoIerocs KoM-
IJIEKCA BJIMSIOT YCJIOBUS €0 MOJIyYeHUs] U XUMUJe-
CKasl CTPYKTYpa BellecTBa. [[J1a TaHHOH BOZIOPACTBO-
pumoii cybcrannuu (TC-13) MCHOJIB30BAIA METO]
MEpPKypOMETPUHU, OCHOBAaHHBIH Ha CIIOCOOHOCTH
JIEKapCTBEHHOTO ITpenapara 06pa30BhIBATH MAJIOVC-
conpupytorye coenuHenus prytu (11).

Meroauka: 0,1 r (Tounas HaBecka) TC-13 mome-
a1 B MEpPHyI0 KoJIOy 00beMoM 100 MJI, m00aB-
JISITIA 10 MJT BOZBI OUUIIIEHHOHN U IIEPEMEITNBAIIU [0
MIOJTHOTO PACTBOPEHUs CYOCTaHIIMU, 3aTeM J0BO-
JIJTH BOJZIOM OYMINEHHOH 710 MeTKHU (pacTBop A). B
KOJIOY JIJISI TATPOBAHUSA 00bEMOM 150 MJI IOMEIAJIH
5 MJI pacTBopa A, 3aTeM /100aBJIAIN 3 KaIIu Aude-

dissolved with bidistilled water, then diluted to the
volume with bidistilled water (working solution).
The volume of the sample in the cell with the back-
ground electrolyte and the sample was 10 pl.

Fig. 3 shows the voltammogram of the TS-13 sub-
stance.

The results of validation of the voltammetric
technique for quantitative determination of TS-13
are presented in Table 2.

The data in Table 2 show that the proposed
voltammetric technique can be used for quantitation
in standard solutions and biological samples at a
detection limit of 0,104 mg/1.

We also developed a titration method as the sim-
plest and most accessible method for quantifying
pharmaceutical substances. It is known that organic
sulfides (present in the structural formula of the
study substance), presumably because of donor-
acceptor interaction, form coordination complexes
with heavy metal salts [9, 10]. The composition and
structure of the forming complex are influenced by
the conditions of interaction and the chemical struc-
ture of a substance. For the studied water-soluble
compound (TS-13), mercurimetry was used, based
on the ability of the substance to form weakly disso-
ciated mercury complexes( IT).

Technique: 0.1 g (accurately weighed quantity) of
TS-13 was placed in a 100 ml graduated flask, 10 ml
of purified water was added and stirred until dissolu-
tion of the substance was complete, then diluted with
water to the volume (solution A). 5 ml of solution A
was placed in a 150 ml titration flask, then 3 drops of
diphenylcarbazone and 1 ml of diluted nitric acid
were added and mixed well, titrated with a solution
of mercury nitrate (0,02 M Hg(NO 3)2) until the pur-
ple color appears.

The results of validation of the titration method
for the quantitative determination of TS-13 are pre-
sented in Table 3.

This technique can be used for the most concen-
trated solutions.

Presence of impurities in pharmaceutical sub-
stances formed during preparation or storage has a
significant effect on pharmacological activity and the
results of quantitative determination. Thin-layer
chromatography is the simplest and most widely
available method for determining impurities with
the appropriate level of sensitivity and selectivity.

That method based on the difference in the rate of
movement of the components of a mixture in a thin
layer of sorbent as they move in the flow of mobile
phase [11]. The separation occurs by adsorption, dis-
tribution or ion-exchange mechanism or some com-
bination of them.
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Kanan C / Channel C
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Puc. 3. Boasramneporpamma TC-13 (dbon — emecs 2 M NaOH u 3 M KCl; mpo6a — 10 Mxi1; 106aBKa — 10 MKJI)
Fig. 3. The voltammogram of TS-13 (background — a mixture of 2 M NaOH and 3 M KCI; test — 10 pl; addition — 10 pl)

HUIKapba3oHa M 1 MJI Pa3BeleHHOU a30THOH KHC-
JIOTBI ¥ XOPOIIIO TIepEMEIIHBAIIN, TUTPOBAJIA PACTBO-
pom Hutpara pryru (0,02 M Hg(NO,),) o mosisie-
HUA (PHOJIETOBOTO LIBETA.

Pe3ynbTaThl  BaJUZAIUNA  TUTPOMETPUUECKOH
METOJIUKH KOJIMUECTBeHHOro ormpezesneHus TC-13
IIpeZICTaBJIeHBI B TA0JI. 3.

JlaHHAs METOAMKA MOKET HCIOJIb30BATHCS IS
HanboJIee KOHIEHTPUPOBAHHBIX PACTBOPOB.

IMpucyrcTBue B apMareBTHUECKUX cyOCcTaH-
OUAX IpUMecel, 00pas3yIoIuXcs B IPOIeCCe MOJIy-
YeHHsA WJIM XPAaHEHUs, OKa3bIBaeT 3HAUUTEJIHbHOE
BJIMsHUE Ha (HapMaKOJIOTHYECKYH) aKTUBHOCTh U
pe3yJIbTaThl  KOJIMYECTBEHHOTO  OIpe/IeJIEHUs.

Sorbfil plates (PTSH-AF-A-UV) (IMID LLC, Kras-
nodar) were used; mobile phase was represented by
ethanol : acetone (8:2, 7:3, 4:6, 3:7, 2:8), ethanol :
chloroform (9:1); test solution (TS-13): 0,25 g of the
substance was dissolved in 5 ml of 40% ethyl alcohol.
An iodine chamber was used as a detector.

Technique: 10 pl of the test sample solution
was applied to the plate start line. The plate with
applied samples was air-dried, placed in a cham-
ber with mobile phase and chromatographed by
the ascending method. When the mobile phase
front passed about 80—90% of the plate length
from the start line, the plate was removed from the
chamber, dried to remove traces of solvents, placed

Journal homepage: http://jsms.ngmu.ru
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Ta6.1una 2. Pe3ybTaThl BaaUAaL UK BOJbTaMIIEPOMETPHUYECKON METOAUKY KOJIMYeCTBEHHOro onpejesenus TC-13
Table 2. The results of validation of the voltammetric method for the quantitative determination of TS-13

XapakTepHcTHKa PaccuuTaHHoe/paKTHYecKoe 3HaYeHHe ONpe e isAeMbIX IapaMeTPOB
Parameter Calculated/virtual value of the parameters to be determined
CrnenudpUIHOCTD CurHaz B OHOBOM 3JIEKTPOJIUTE B 06JIaCTU NTOTEHI|MaJIa 3JIEKTPOOKUCIeH s/
Specificity BOCCTAHOBJIEHUS OTCYTCTBYeT
No signal in the background electrolyte in the area of the redox potential
JIuHEeHHOCTh y=0,0081x+1,0258; r=0,9975
Linearity
2.4
22 ..
5= 20
=)
z g y=10,0081x + 1,0258
gr g e /
S =
o
=2 16
o O
= Q
E g
o @
<20 14
1,2
1,0 T T T
0 50 100 150
O6bem npoOsl, Mk / Sample volume, pl
[Ipenen o6HaApyKEHUS 0,104 mMr/n
Limit of detection
[Ipesies1 KOJIMYECTBEHHOTO 0,317 mr/n
onpe/iesIeHUs
Limit of quantification
[IpaBUIBHOCTD =094t ., =318 (P=95%,f=3)
Accuracy by < tsnret
BHyTpuabopaTopHas s=0,001915; RSD = 1,94 %
NpeU3UOHHOCTh t,=182;t =223 (p=95%,f=10)
Intermediate precision t <t

a Tats/ref

Haub6osiee MpOCTHIM U OOIIEAOCTYITHBIM METOJI0M
ompeziesieHUsI MpuMeced, o6sazaimuM HeoOXo-
JUMBIM YPOBHEM UYBCTBUTEJIBHOCTU U CEJIEKTUB-
HOCTH, SIBJIAETCSA XpoMmarorpadus B TOHKOM CJI0€
copbOeHTa.

ToukocsoiHast xpomatorpadus — BU XpPOMaTo-
rpaduy, OCHOBAHHBIM Ha Pa3JUYUU B CKOPOCTH
repeMeIeHns KOMIIOHEHTOB CMECH B IIJIOCKOM TOH-
KOM CJI0e COPOEHTA ITPU UX ABUKEHUH B ITOTOKE IO/ -
BIoKHOUM ¢asbl [11]. PaszgeneHue mpoMCXOAUT IO
aJ1IcOpOIIMOHHOMY, PACIIPEIeTUTETLHOMY UIIA HOHO-
0OMEHHOMY MEXaHU3MY HJIH KaKOH-TH00 UX KOMOH-
HAI[UH.

Hcronp30Bayii  aHAJIUTUYECKUE — ILJIACTUHKH
Sorbfil (IITCX-A®-A-Y®) (OO0 «UMU/T», KpacHo-
Zap); mojBIoKHas daza — 3TAHOJ : aleToH (8:2, 7:3,
4:6, 3:7, 2:8), aTaHOJ : XJI0podopM (9:1); UCIIBITYE-
MbId pactBop (TC-13): 0,25 T cybCTaHIIUA PacTBO-

in an iodine chamber, and then viewed in visible
light. The chromatography conditions were deter-
mined in such a way that the study substance was
localized either at the start or at the finish, while
possible impurities could be distributed along the
solvent flow line. The study was performed in two
replicates.

The results of chromatographic analysis of TS-13
are presented on Fig. 4 and Table 4.

Based on the results obtained and taking into
account the location of adsorption zones of the
TS-13 test sample, it was found that in the predomi-
nance of acetone in the solvent system, TS-13 was
localized at the finish line, whereas the predomi-
nance of ethanol resulted in slowdown of the test
sample at the start line. It was also found that there
were no extraneous adsorption zones on the chro-
matograms.
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Ta6siuna 3. Pe3y/bTaThl BaaUAALUH THTPOMETPHUYECKON METOAUKY KOJIMYeCTBEHHOro onpejesenus TC-13
Table 3.The results of validation of the titration method for the quantitative determination of TS-13

XapakTepucTuka PaccuuraHHoe/dakTHUecKoe 3HaYeHNe onpe/esisieMbIX IapaMeTPoB
Parameter Calculated/virtual value of the parameters to be determined
CnenuduyHOCTD [Ipy npoBeIeHNH KOHTPOJILHOT'O OMbITA OKPacKa MHAUKATOPA MOSIBJISETCS PU A06aBIeHUU
Specificity 1 Kkam/iu TUTpaHTa
JIMHEHHOCTh y=0,997x-0,0005; r=0,9987
Linearity . 0.25
s
m
S o
[
£ » 020
SR=
g3
8 &
g3
ET 0,15
28
55
g
o= 0,110
Z S
2
& E
5
S 2 0,05
s X
% H /
=
2
Q) 0 T T T T T
0 0,05 0,10 0,15 0,20 0,25
TouHast HaBecKa HCIBITYeMOro obpasua, r
Accurately weighed quantity of the test sample, g
[Ipenen o6HaApYxKEHUS 0,027 r
Limit of detection
[Ipenen konnyectBenHoro 0,083 r
onpe/iesIeHUs
Limit of quantification
[IpaBUILHOCTD t =0,15; Csnres = 2131 (P=95%,f=8)
Accuracy by < et
BHyTpuiabopaTopHas 5=0,001523; RSD=1,53 %
MPEeU3UOHHOCTh t =046t =223 (p=95%,f=10)

pacu/calc

Intermediate precision

<
a Tabs/ref

psiin B 5 MJI 40% STHJIOBOTO ciupTa. B KauecTBe
JIETEKTOPA HUCII0JI30BAJIN HOHYIO KaMepy.
MeTtonyka: Ha JIMHUIO CTAPTA IUIACTHHKY HAHOCIUIH
IO 10 MKJI pacTBOPA UCIIBITyeMOT0 06pasiia. [iacTuHKY
C HaHECEHHBIMU ITPOGAMU CYIIVJIN Ha BO3ZYXE, ITOMe-
AT B KAMePY ¢ IOABIKHOU (pa3oii 1 xpomarorpadu-
poBasu Bocxozisimm criocobom. Korza GpoHT moiBrk-
HOU aspl mpoxoAw1 oKoo 80—90 % JUIMHBI ILIa-
CTUHKU OT JIMHHUM CTapTa, ee BBIHUMAIN U3 KaMephl,
CYIIWIN JI0 YJaJIeHUsl CJIEIOB PACTBOPUTEJIEH, IToMe-
i B HOAHYI0 KaMepy, a 3aTeM MPOCMaTPUBAIA B
BUZVIMOM CBeTe. Y(IOBUS XpOMaTorpadbHpOBAHUS
OTIpeeTISITA TAaKUM 00pa3oM, YTOOBI U3ydaeMoe COeJTH-
HeHre OBUIO JIOKQJIM30BAHO WM Ha CTapTe, WIH Ha
(uHMIIIE, TPH STOM BO3MOKHBIE IPUMECH MOIJIH OBITh
pacmpe/ieJieHbl 10 JIMHUHU JIBU)KEHHUS PACTBOPUTEJIS.
VcctemoBaHyie BBITIOTHSLTN B ZIBYX MTOBTOPHOCTSIX.

CONCLUSION

Optimal conditions for spectrophotometric, voltam-
metric and titrimetric quantification of a novel substance
of water-soluble antioxidant sodium 3-(3-tret-butyl-4’-
hydroxyphenyl)propylthiosulfonate for reference solu-
tions were determined. The presented methods are vali-
dated according to the characteristics of specificity, pre-
cision, linearity, limit of detection and limit of
quantification. A method for the detection of impurities
using thin-layer chromatography was developed.

The results of this study showed the possibility of
using the proposed techniques in quality control of a
novel water-soluble antioxidant sodium 3-(3’-tret-
butyl-4’-hydroxyphenyl) propylthiosulfonate.

Conflict of interest. The authors declare no
conflict of interest.

Journal homepage: http://jsms.ngmu.ru

37



Myxynosu B.T. u dp. / Journal of Siberian Medical Sciences T. 9, N° 1 (2025)

JIunus dunuma / Finish line

9:1

ATaHOI : XJIOpohopm
ethanol : chloroform

4:6 3.7 2:8
3TAHOJ : alleTOH 9TAHOJ : AlECTOH JTAHOJI : alleTOH
ethanol : acetone ethanol : acetone ethanol : acetone

Puc. 4. Toukocsoitnas xpomarorpadus cyocranmuu TC-13:
A — Ha JIMHUU cTapTa; B — B pa3/jIM4HBIX IO/IBIKHBIX (pazax
Fig. 4. Thin-layer chromatography of the TS-13 substance:
A — at the start line; B — in different mobile phases

Ta6smmna 4. [logsmwxHocTb cybcTaHuu TC-13 B moABMKHBIX pazax
Table 4. Mobility of the TS-13 substance in different mobile phases

IogBwxHas ¢a3a / Mobile phase R,

Jrtanou : xnopodopm 9:1 / Ethanol : chloroform 9:1 0,85
JrtaHou : anietoH 7:3 / Ethanol : acetone 7:3 0,89
Jranou : anetoH 4:6 / Ethanol : acetone 4:6 0,93
Jrtanou : aneToH 3:7 / Ethanol : acetone 3:7 0,95
JdtaHou : anieToH 2:8 / Ethanol : acetone 2:8 0,96

PesysnbTaThl  XpoMaTOTpaUUECKOTO aHaIu3a
TC-13 mipe/icTaB/IeHbI HA PUC. 4 U B Ta0JI1. 4.

Ha ocHoBe noJsly4eHHBIX Pe3yIbTaTOB, UCXO/IA U3
MTOJIO’KEHUS 30H a/ICOPOIIUK UCIIBITyeMOro obpasia
TC-13, ycTaHOBWJIM, UTO B CJIydae IpeobsafjaHus
aleToHa B CHCTEME pPAaCTBOPUTEJIEH CyOCTaHIUS
TC-13 siokanM30BaHa HA JUHUU (PUHUIIA, TOT/IA KAK
npeobJaZilaHie B CHCTEME STaHOJA IPUBOAMWIO K
TOPMOKEHHIO HCIBITYEMOTO 00paslia Ha JIMHUU
crapra. Takike YCTaHOBJIEHO, YTO IIOCTOPOHHHE
30HBI AJICOPOIIMM HA XpOMAaTOTrpaMMaX OTCYTCT-
BOBAJIH.

3AK/IOYEHUE

OHpeZleJIeHbI OIITUMAJIbHBIE YC/JIOBUSA CIIEKTPO-
q)OTOMETpI/I‘-IeCKOI‘O, BOJIbTAMIIEDOMETPHUYECKOTO U
TUTPUMETPHUYECKOTO KOJIMYECTBEHHOI'O OIIpejesie-

HUS HOBOH CyOCTaHIINU BOZOPACTBOPUMOTO AaHTHOK-
cuganTta 3-(3'-TpeT-0yTHi-4'-rugpoKcudeHIT)Ipo-
MIWITHOCYIGOHAT HATPUS /ISl MOZEIbHBIX PACTBO-
pos. IlpencraBieHHbIE METOAUKY BIHANPOBAHBI B
COOTBETCTBUH C XaPAKTEPUCTHKAMU CIEeIUPUIHO-
CTH, IPEIIU3UOHHOCTH, IMHEHHOCTH, IIpe/iesia 0OHa-
PYXKeHHs U Tpefieyia KOJIUYECTBEHHOTO OIpeiesie-
Hus. Pazpaborana meTofuKa /IS BBISABJIEHUS IIPU-
MeCeH ¢ MCII0JIb30BAaHWEM TOHKOCJIOMHOU XpOMATO-
rpaduu.

PesynpTaThl MPOBEEHHOTO UCC/IEIOBAHUS ITOKA-
3aJI1 BO3MOXKHOCTh MCIIOJIb30BAHUSA IIpeJylaraeMbIX
METOIMK B KOHTPOJIE KaueCcTBA HOBOTO BOJIOPACTBO-
pHUMOro aHTHOKCH/IaHTa 3-(3'-TpeT-OyTui-4'-rugpo-
KCU(EHWT) IPOIHITHOCY Ib(DOHAT HATPHUA.

KoH@uIuKT HHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUH KOH(DJINKTA HHTEPECOB.
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