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Abstract

Introduction. Dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide (T1) and bis-[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propyllsulfide (T2) are the
collaborative development of Novosibirsk State Pedagogical University and Novosibirsk Research Institute of Antioxidants. It was revealed in several
experiments and research works that these substances have antioxidant, anti-inflammatory, hepatoprotective, cytoprotective, haemorheological
activities. These facts make the objects of study promising medicinal antioxidant drugs. Consequently it's necessary for the future production
quality control to have standards and analytical methods for substances analysis.

Aim. Impurities methods development and validation for the new biologically active substances T1 and T2.

Materials and methods. HPLC method with UV-detection on 278 nm was carried out for the determination of impurities in objects of study. HPLC
analysis were performed on ZORBAX SB-C18 (5 um, 150 X 4,6 mm) column with isocratic regimen and with use of the acetonitrile:water mixture (T1)
or acetonitrile (T2) as a mobile phase.

Results and discussion. It was find out, that T1 has two unidentified impurities with concentration not more than 0,1 % during the shelf life. The
chromatogramm of T2 has a peak of by-product of synthesis T2 - bis-[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propylldisulfide (T2-DS). Biologically
safety of T2-DS was demonstrated in the previous works and the concentration of T2-DS was established to be not more, than 2,5 %. Furthermore,
there was the one more unidentified impurity with concentration less, than 0,1 % on the chromatogram of T2. The developed HPLC methods were
validated on characteristics «specificity», «linearity», «precision», «limit of quantification», «accuracy», <range».

Conclusion. Methods for the determination of impurities in T1 and T2 were validated on the listed parameters. All the results meet the acceptance
criteria: peaks on the chromatogramms are clearly separated; the correlation coefficients (r) are not more, than 0,980; accuracy was proved by
linearity parameters; the value of the relative standard deviation is less, than 5 %; the intermediate precision for the both methods was proved by
Fisher's criterion and Student’s t-test.

Keywords: impurities, dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide, bis-[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propyllsulfide, HPLC, validation,
standardization
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Peslome

BBepeHue. Jogeunn(3,5-gumeTtnn-4-rugpokcmbensunn)cynbodug (T1) n 6uc-[3-(3,5-gu-tpet-6ytun-4-rugpokcndennnnponun]cynodug (T2) -
COBMeCTHas paspaboTtka Kadeapbl xumum HoBOoCMOGMPCKOro rocyfapCcTBEHHOrO Nefjarornyeckoro yHuBepcuteta 1 HoBOoCMOMPCKOro MHCTUTYTa
aHTMOKCUAAHTOB. B nccnefoBaHmAx M 3KcneprMeHTax 6bifia MokKa3aHa aHTUOKCMAAHTHasA, MPOTMBOBOCMANNTE/bHASA, renaTonpoTeKTopHas,
LMTONPOTEKTOPHaA, reMopeosiornyeckas akTMBHOCTb AaHHbIX BeLecTB, YTO MO3BOJSIAET CUMTATb WX NEPCNEKTMBHLIMU NEKapCTBEHHbIMU
aHTMOKCMAaHTamMW. [Ina KOHTPONA KayecTBa Npw nocsefyolem nponsBoacTBe Cy6cTaHUMIA YKa3aHHbIX COerHEHN HeobXxoanmMo pa3paboTaTtb
napameTpbl CTaHAAPTM3auun 1 cocTaBuTb NpoekT HopMaTUBHOM JOKyMeHTauumK.

Lienb. PaspaboTka 1 Banmaauma MeToanKk onpeaeneHns npumeceii HoBbIX NepcnekTUBHbIX OMONOrMYeckn akTUBHbIX BewwecTB T1 n T2.
MaTtepuannbl u metoabl. OnpeaeneHne npuMmecein NpoBoanan Mmetogom BIXKX ¢ YO-geTekTpoBaHUeM Npu AAnHe BOMHbI 278 HM Ha KOJIOHKe
ZORBAX SB-C18 (5 MkM, 150 X 4,6 MM) B M30KPaTMYECKOM PEXMME C UCMONb30BAHMEM B KauyeCTBe MOABVXKHON $a3bl CMeCU aLeToOHUTPUN — Boga
95:5 npu aHanuse T1 v aueToHnTpUna Npu aHanmnse T2.

Pe3synbTaTbl M o6cyxpaeHmne. B xope pa3paboTkym mMeToAMK ObINO YCTAaHOBNEHO NPUCYTCTBUE B uccnepyemblx obpasuax T1 AByx
HenaeHTUOULMPOBaHHbIX MPUMECE, cofepaHne KOTOPbIX B TEYEHVE CPOKa rogHOCTU He npeBbiwaeT 0,1 %. Ha xpomaTtorpamme T2 o6HapyKeHbl
no6oYHbIN MPOAYKT CUHTE3a — 6uc-[3-(3,5-an-TpeT-6yTrn-4-rugpokcudeHun)nponun]aucynodug (T2-4C) ¢ ycTaHOBNEHHOW Gronornyeckom
6€e30MacHOCTbIO 1 Npegenom copepXaHua 2,5 %, a Takxe HenfeHTUGMLMPOBAHHAsA MpUMeCh C copepXkaHuem He 6onee 0,1 %. MNpoBeaeHa
Banmpaumns paspaboTaHHbiXx meToauk BIXKX no xapakTtepuctrnkam «CneumdunuHocTby, «Mpenen KonnyecTBEHHOro onpeaeneHnsy, «<JIMHEeNHOCTbY,
«MpeLm3noHHOCTbY, «[PaBUNbHOCTbY, «KAHaNUTMYeCKasa 06acTb».

3akniouveHune. Metognkmn onpepeneHna npumecen T1 n T2 BanuaMpoBaHbl NO yKa3aHHbIM Bbllle MapameTpam. [lonyyeHHble pesynbTaTtbl
YOOBNETBOPAIOT KPUTEPUAM NPUEMIEMOCTU: BelecTBa Y NPYMecH YeTKO PasfeniAloTCA Ha XpomaTorpaMMax Mexpy coboi; KoddouumeHTt
Koppenauun (r) Npu onpepenieHNN NMHENHOCTM ANsA npumecein npesbiwaeT 0,980; cBOGOAHLIN YNEH ypPaBHEHUN NUHENHOW 3aBUCUMOCTU
CTaTUCTMYECKM 3HAYMMO He OT/IMYAETCA OT HYNA; BeIMYMHA OTHOCMTENbHOTO CTaHAAPTHOro oTKNoHeHNA (RSD%) He 6onee 5 %; paccuMTaHHble
3HaveHuA Kputepres CrblogeHTa n Ouwepa He NpeBbIWaloT TabnnyHble. PazpaboTaHHble METOAUKN MOTYT NMPUMEHATHCA 471 KOHTPONA KayecTsa
OMbITHBIX 06Pa3LoB 1 B GyAyLIEM NPU MPON3BOACTBE CYOCTaHLMIA UCCIefyeMbiX BELLECTB.

KnioueBble cnoBa: poAcTBEHHble NpumMecy, foaeunn(3,5-gumeTun-4-rugpokcnbensun)cynodug, 6mc-[3-(3,5-an-TpeT-6yTun-4-rugpokcudeHn)
nponun]cynbdug, BIXKX, Banmaauns, ctaHgapTisaums

KOH¢J1IIIKT MHTEpecoB. ABTOpbI AEKNapupyloT OTCYTCTBNE ABHbIX N NOTEHUWANbHbIX KOH(I)J'IMKTOB NHTEpPEeCOoB, CBA3aHHbIX C I'Iy6J'IVIKaLlI/IeVI HacTosLen
CTaTbun.

Bknapg aBtopoB. T.[. lUuHko, C.E. AryHos, H.B. KaHpganuHuesa, O.W. Mpocexko, M. W. MuHko paspabotanu skcnepumeHT. T.T. LUuHKo,
C.B. TepenTbeBa, E.A. VBaHoBCKaa nposenu Banvpauuio metofamK. Bce aBTOopbl yuacTBoBanu B 0OOGCYyXAEHWW CTaTbW, BHECNU BKNaj B
OKOHYaTeJIbHYI0 PYKOMKCh.

Ana untuposaHua: Wuhko T.T., Tepentbesa C.B., AryHos C.E., KaHpanuHuesa H.B., MpoceHko O.W., MeaHosckaa E.A., MuHko M. U.
OnpegeneHune npumMeceii B NepCnekTUBHbIX aHTUOKCUAAHTax 6uc-[3-(3,5-gu-Tpet-6yTun-4-rugpokcudeHnnnponunlcynoouge n gogeuun(3,s-
aumeTtun-4-ruppokcnbensnn)cynboupe. Pazpabomka u peaucmpayus sekapcmeeHHbix cpedcms. 2022;11(1):106-112.  https://doi.
0rg/10.33380/2305-2066-2022-11-1-106-112

INTRODUCTION A) BT
Dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide  (T1)

and bis-[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propyllsul-

fide (T2) (Figure 1) are polyfunctional phenolic sulfur-con- S

taining antioxidants. These molecules were synthe- CraHs

sized by common work of Novosibirsk State Pedago- B)

gical University and Novosibirsk Research Institute of HO OH

Antioxidants. S

The biological activity researches revealed that

these substances possess antioxidant, anti-inflammatory, . . .
Figure 1. Chemical structure of dodecyl(3,5-dimethyl-4-hydroxy-

hepatoprotective and cytoprotective activities [1-4].
It was also found out that both substances are able to
increase the anti-tumor effect of cytostatic drugs [5, 6].
In addition T1 was established to have haemoreological,
antiplatelet and antiaggregation effects. These properties
provide the protective effect in cases of cerebral
ischemia [3, 7]. The efficacy and the safety of T1 and

benzyl)sulfide-T1 (A) and bis-[3-(3,5-di-tert-butyl-4-hydroxyphe-
nyl)propyllsulfide-T2 (B)

T2 were also investigated. It was revealed that these
substances have no toxic effect and don’t exhibit any
mutagenic and genotoxic properties [8, 9]. With all these
facts T1 and T2 can be considered as the promising
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antioxidant drugs for complex therapy of such diseases as
hepatitis, cancer, atherosclerosis, ischemia.

The development of specifications and normative
documentation projects for T1 and T2 is necessary in
the case of future production and registration of these
substances as medicines. One of the quality parameters
for medicines is "Impurities”. Therefore the aim of this
study is to develop and validate the analytical methods
for determination of impurities in T1 and T2.

MATERIALS AND METHODS

Study objects. The methods development and
validation were performed on samples of dodecyl(3,5-
dimethyl-4-hydroxybenzyl)sulfide (series 2020-11-28) and
bis-[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propyl]sulfide
(series D-501), provided by Novosibirsk Research Institute
of Antioxidants.

Reagents. The following reagents were used for the
study: acetonitrile (Sigma-Aldrich, USA, for HPLC >99,9 %),
ethanol (GOST R 51652-200).

Equipment. Determination of impurities was
performed on high performance liquid chromatography
system Agilent 1220 Infinity LC with UV-detector.

Sample and reference solutions of T1. Sample
solution: About 0,500 g (an accurate weight) of T1 was
dissolved in ethanol and diluted to 100,0 ml with the
same solvent (5 mg/ml). Reference solution: 1,0 ml of the
sample solution was diluted to 10,0 ml with ethanol. After
mixing 1,0 ml of this solution was diluted to 100,0 ml with
the same solvent (5 pg/ml).

System suitability test solution (T1): About 0,050 g
(an accurate weight) of hydroquinone was transferred to
a 200 ml volumetric flask. Then about 100 ml of ethanol
and 1,0 ml of sample solution of T1 were added and
mixed for dissolution. Then solution in the flask was made
up to the mark with ethanol and mixed.

Sample and reference solutions of T2. Sample
solution: About 0,500 g (an accurate weight) of T2 was
dissolved in 5 ml of acetonitrile and diluted to 25,0 ml
with the same solvent. After mixing, to 400,0 ul of this
solution 600,0 pl of acetonitrile were added (8 mg/ml).
Reference solution A: 1,0 ml of the sample solution was
diluted to 10,0 ml with acetonitrile. After mixing, 1,0 ml
of this solution was diluted to 100,0 ml with the same
solvent (8 pg/ml). Reference solution B: About 0,050 g
(an of bis-[3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propylldisulfide (T2-DS) was dissolved in
5 ml of acetonitrile and diluted to 25,0 ml with the same
solvent. After mixing to 100,0 ul of this solution 900,0 pl of
acetonitrile were added (0,2 mg/ml).

accurate weight)

Selected chromatographic conditions are pre-
sented in Table 1.

Table 1. HPLC Conditions for determination of relative substances
inT1and T2

Value
Parameter
T T2
Mobile phase Acetonitrile: water Acetonitrile
95:5
ZORBAX SB-C18 ZORBAX SB-C18
Column

(5 pm, 150 x 4,6 mm) | (5 pm, 150 x 4,6 mm)

Column temperature 40°C 40°C
Flow rate 2 ml/min 2 ml/min
Detector uv, 278 nm UV, 278 nm
Probe 10 pl 5ul
RESULTS AND DISCUSSION

Methods development. HPLC conditions for

determination of related substances in the objects
of study were selected during the synthesis process
development for T1 and T2, and were used for the
purity control of the pilot samples. The maximum of UV-
absorption (278 nm) was chosen for detection, because
this value is also nearer the maximum of UV-absorption
of some initial synthesis substances and by-products.
According to the technological scheme of synthesis of
T2, the main by-product (T2-DS) content is not less than
2 %. Therefore the safety and toxicity of T2-DS were
studied. As the result of safety establishing the upper
limit of T2-DS content was determined to be not more
than 2,5 %. The content of other impurities determined
on chromatograms was not more than 0,1 %. In such a
case these impurities can be determined as unspecified
(according monograph
1.1.0006.15 of the State
Pharmacopoeia of Russian Federation, edition XIV the
upper limit for unspecified impurities is not more than
0,1 % and the disregard limit is 0,05 %).

Validation of HPLC methods for determination
of T1 and T2 impurities. Methods validation was
based on General Pharmacopeial monograph
1.1.0012.15 "Analytical methods validation" of the State
Pharmacopoeia of Russian Federation, edition XIV.
Methods were validated by parameters "specificity",
“linearity", "limit of quantitation"”, " accuracy"”,
"range" [10-14].

to General Pharmacopeial

"Pharmaceutical substances"

precision",



"Specicificity” of the methods was confirmed by the
absence of peaks with retention time of T1, T2, T2-DS and
other impurities on the chromatograms of solvents, and
also by resolution (RS > 2) between every two peaks on
sample solutions chromatograms.

According to the results, there are no peaks with
retention time of T1, T2 and impurities on blank-
cromatograms (Figure 2, 3). Resolutions between
peaks on the chromatogram of sample solution of T1
are R, =6,35 and R,,=10,17. Resolutions between
peaks on the chromatogram of sample solution of T2
are R, =2,74 and R, =4,20. These values meet the
acceptance criteria.

Chromatographic system suitability for T1
proven if the following conditions on the chromatogram
of the system suitability test solution were met: resolution
(R) between peaks of hydroquinone and T1 was not less,
than 10; chromatographic column efficacy (N) for peak
of T1 wass not less than 5000 theoretical plates; T1 peak
symmetry factor (A) wass not less than 0,9 and not more
than 1,5; relative standard deviation (RSD,%) of T1 peak
area wass not more than 2 %.

Chromatographic system suitability for T2 was
proven if the following conditions on the chromatogram
of sample solution of T2 were met: resolutions (R)
between peaks on the chromatogram were not less than
2; chromatographic column efficacy (N) for peak of T2 was
not less than 5000 theoretical plates; T2 peak symmetry

was
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factor (A) was not less than 0,8 and not more than 1,5;
relative standard deviations (RSD,%) of peaks areas were
not more than 2 %. The results of system suitability test
for T1 and T2 are given in Table 2.

"Linearity" of the methods was confirmed by linear
dependence (linear regression coefficient r=>0,980)
between the concentration data of T1 and T2 and peaks
areas on the chromatograms of calibration solutions of T1
and T2. To perform the linearity test series of T1 and T2
calibration solutions with the concentration of impurities
in the range of LOQ to 120-150 % of specification levels
were made.

The results of linearity tests are shown in Figure 4
and Table 2. All the data meet the acceptance criteria
(r=0,980), methods are linear in the test concentration
range.

Limits of quantitation for unspecified impurities,
calculated by the value of signal standard deviation and
angel coefficient of calibration plot (Table 2) are not
more, than less calibration concentrations (disregard
limits). Signal to noise ratios (S/N) on chromatograms of
0,05 % sample solutions of T1 and T2 (disregard limits)
are 29,0752 and 34,829 respectively. These data meet
the acceptance criteria (S/N = 10).

"Accuracy" of methods was established by linearity
tests results. It was accepted that there is no method
systematic error if the free member (a) of linear
dependence equation is not significantly different
from zero. All the data meet the acceptance criteria
(Table 2).

A) Wavelength=278 nm
mAU
34
253
24
1.5
1 -
0.5
0 -
0.5
.14
T L T T T T T
0 1 2 3 4 5 6 mir|
B) Wavelength=278 nm
mAU ©
700
600 5
500
400
300
200
100 & g
0 o . =2
T T T T T T
1 2 3 4 5 6 miny

Figure 2. Chromatograms of a solvent (A) and test solution (B) of T1
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Figure 3. Chromatograms of a solvent (A) and test solution (B) of T2
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Figure 4. Linearity between peak area and concentration of:
A - Impurity 1 T1; B - Impurity 2 T1; C- T2-DS; D - Impurity 2 T2

"Precision" of the methods was estimated by
parameters "repeatability" and "intermediate precision".
"Repeatability" was confirmed by calculation of relative
standard deviations (RSD <5 %) for the impurities
determination results on the chromatograms of 6
different sample solutions of T1 and T2. "Intermediate
precision" was confirmed by Fisher’s and Student’s tests,
calculated from the peak areas on chromatograms of
sample solutions of T1 and T2, obtained in different days
on the same equipment and the same series of T1 and
T2 samples. The validation results (Table 2) meet the
acceptance criteria.

According to the range of experimental data,
confirming the linear model, "Range" of the developed
methods is 50-120 %
Impurities 1 and 2 in T1 and for T2-DS and Impurity 2
inT2.

of specification levels for

CONCLUSION

Methods for the determination of impurities in new
promising antioxidants dodecyl(3,5-dimethyl-4-hydro-
xybenzyl)sulfide and bis-[3-(3,5-di-tert-butyl-4-hydro-
xyphenyl)propyllsulfide were developed and validat-
ed during the research work. These methods may be
included in normative documentation projects for the
objects of study. It will promote future researches and
registration of dodecyl(3,5-dimethyl-4-hydroxybenzyl)
sulfide and bis-[3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propyllsulfide as medicines.
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Table 2. Results of methods validation for the HPLC determination of relative substances in T1 and T2

Validation parameters

Determination of relative substances in T1

Determination of relative substances in T2

Specificity

Chromatogram of solvent has no peaks at
retention time of T1 and its impurities; R, = 6,35 n

Chromatogram of solvent has no peaks at retention
time of T2 and its impurities; R, = 2,74 n R, = 4,20

R,=10,17
R,=24,25; R,=269;R,=4,17;
N = 5306; N_,=5465;N_, . =3854;N =1894;
. . 4 T2 7 12-DS ! Timp. 2 !
System suitability A,=1,077; As,=127;As__ =112As, =089

RSD% = 0,84 %

p.
RSDY%,, = 0,98 %; RSD%, o = 1,06%; RSD%,  ,=1,62%

T2-DS

r=0.9993 (Impurity 1)

r=0,9997 (T2-DS)

Linearity
r=0.9992 (Impurity 2)

r=10.9885 (Impurity 2)

Precision (repeatability/

intermediate precision)

F=174 F=213
. F (95 %, 5,5) = 5,05 F (95 %, 5,5) = 5,05
= 9 = 9 .
RSD = 0.98 % (Impurity 1) t,=2,16 RSD =0.53 % (T2-DS) t,=051
t,, (95%, 10) = 2,23 t, (95 %, 10) = 2,23
F=387 F=1.24
. F (95 %, 5,5) = 5,05 i F (95 %, 5,5) = 5,05
= 9 = 9
RSD = 1.22 % (Impurity 2) t,=049 RSD = 1.29 % (Impurity 2) t,=204
t, (95 %, 10)=2,23 t,, (95 %, 10) = 2,23

t,=0.4396 (Impurity 1)
t,, (95 %; 9) =2.26

t,=0.18 (T2-DS)
t,, (95 %; 6) = 2.45

Accurace
t,=0.4382 (Impurity 2)
t., (95 %; 9) = 2.26

t,= 1.21 (Impurity 2)
t,, (95 %; 9) = 2.26

0.65 mg/ml (Impurity 1)

12.89 mg/ml (T2-DS)

Limit of quantification
0.68 mg/ml (Impurity 2)

3.89 mg/ml (Impurity 2)
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