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Abstract

Introduction. Polyphenols are widely distributed in plant world and recognized for their high antioxidant activity. Traditional
methods of polyphenolic compounds quantification, such as Folin — Ciocalteu and aluminum chloride assays, measure total
phenolic or flavonoid content but fail to identify individual compounds in complex mixtures. Combining the kinetic profiling
of antioxidant activity manifestation for a combination of antioxidants has certain potential for the development of inexpensive
and simple quantitate analysis approaches.

Aim. To develop an approach for the quantitative determination of individual polyphenols in binary combinations through
the measurement of ABTS radical cations accumulation kinetics based on a lag-time experimental strategy.

Materials and methods. We have studied formulations of flavonoid dihydroquercetin (DHQ) and lignan secoisolariciresinol
(SECO) and a combination of DHQ with essential antioxidant alpha-tocopherol (a-TOH). The antioxidants induced the inhibition
of ABTS™* radical cations accumulation initiated by potassium persulfate, which resulted in a lag-time formation and was
monitored spectrophotometrically at 730-750 nm.

Results and discussion. Both combinations demonstrated two lag-time periods pattern typical for additive type interactions
between its components. Lag-time period duration depends on concentration of the component. We matched every lag-time
period with specific polyphenol which allowed us to determine the content of every component of studied combinations.
Developed technique measured the content of polyphenols with value of relative standard deviation (RSD) being not higher
than 2 % and value of relative measurement error (§) not exceeding 3,7 %.

Conclusion. Our study confirmed that an antioxidant capacity measurement approach could be successfully applied for content
determination of individual polyphenols in complex mixtures. Developed methodology demonstrated high reproducibility
and acceptable accuracy levels for binary combinations constituents’ quantification.
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Peslome

BBepeHme. [inA KONUYECTBEHHOW OLEHKU MNONAUGDEHONbHBIX COEAMHEHUN U WX CMeCel LWUPOKO WCMONb3yIT
cnekTpodoTOoMeTpryeckme MetTofbl uccnegoBaHus, B Tom uyucne QonuHa — Yokantey, cnekTpodhoTOMETPUIo C XJIOPUAOM
antomMunus u gpyrve. OHM NO3BOJNAIOT C BbICOKO BOCMPON3BOANMOCTbIO OnpefensaTe CYMMapHoe coflepXaHue nonvndeHonos
B pa3fiMyHbix obpasuax B nepecyete Ha KOHKPETHbI MONMPEHON, HO He KONMYeCTBO OTAENIbHbIX KOMMOHEHTOB.
CnekTpodoTtomeTputo B YO 1 Buaumol obnactv TakxKe NPUMEHAIOT ONA UCCNefoBaHWUA aHTUPAAMKaNbHOW eMKOCTU
NoNNGEHosNbHbIX COeVHEHNI, KOTOPasa B TOM YKCie 3aBUCUT OT UX KONIMYEeCTBEHHOro cofepxaHua. COOTBETCTBEHHO, MeToabl
OLEHKN aHTUPaAUKANbHON aKTUBHOCTW TeOpeTUYeCcKU MOryT ObiTb MCMOMb30BaHbl ANA KONMYECTBEHHOro onpeaeneHus
nonnpeHonos.

Lenb. Pa3paboTaTb MeTOAMKY KONMYECTBEHHOro onpefefieHNA OTAEeNbHbIX KOMMOHEHTOB MONMGEHONbHbIX KOMMO3ULUIA
nocpefCcTBOM N3MepPEeHUA KMHETUKN HaKoMeHNA paankan-KatnoHos ABTS™.

Matepuanbl n metogbl. lMccnegosanu 6GuHapHble Komno3uuyuy ¢GnaBoHOMAA AUTMAPOKBEPLETMHA W JIWUFHaHa
ceKkov3onapuumMpesrHora, a Takxke ANrMapoKBepLeTuHa u anbda-tokodpepona. CnekTpodpoTomeTpmnUeckn Habnopany KNHETUKY
HaKOMNeHUs1 pafnKan-KaTUOHOB 2,2'-a3uHo-61c(3-3Tn6eH30TNa30NNH-6-CYNbGOKNCNOTE) AnamMmoHueBon conu (ABTS™) B
NpUCYTCTBUN NCCNelyeMbix 06pa3LOoB 1 CTaHAAPTHLIX CMeCei.

Pe3ynbTaTtbl 1 06cyxaeHue. [1na nccnegyembix KOMNO3ULUMIA BbiIBNEHO 06pa3oBaHMe ABYyX NEPUOAOB MATO B MX KMHETUYECKUX
KPVBbIX, MPOAOIKUTENIBHOCTb KOTOPbIX OKa3anacb NpOMopuUMOHaNbHa COAEPXaHUI0 KOMMOHEHTOB KOMMO3ULUKU, YTO faeT
BO3MOXHOCTb MPOBOAMUTb MX KONIMYECTBEHHOE OornpefeneHne Npu COOTHECEHNM MePUOLOB MNATO C KOHKPETHLIMY KOMMOHEHTaMW.
PaspaboTaHHaa mMeTofMKa NO3BONAET OnpeAensTb KONMUYeCTBO NOMNGEHONOB C OTHOCUTENbHOM owmnbKkol (8) He 6onee 3,7 %
1 OTHOCUTENbHbBIM CTaHAAPTHBIM OTKNOHeHMeM (RSD) He 6onee 2 %.

3aknioueHue. bbina nokasaHa NPUHUMMMANbHAA BO3MOXXHOCTb MPUMMEHEHUA MeTofa OLEHKM aHTMpaAuKaNbHOW eMKOCTU
ONA KONMYECTBEHHOro onpepeneHna NoAMdeHONbHbIX COefWHEHUN B CNOXHbIX cmecAx. PaspaboTaHa meToguka
KONMMUYEeCTBEHHOro onpefeneHna OTAEeNIbHbIX KOMMOHEHTOB B OMHaApHbIX CMecAX, KOTOopas XapaKTepu3yeTcA BblCOKOW
BOCMPOV3BOAMMOCTbIO PE3yNbTaToB Y MPUEMAEMON TOYHOCTbIO.

Kniouesble cnoBa: nonudeHonbl, ABTS, konnuecTBeHHOe onpefeneHne, aHTUPaanKanbHas akTUBHOCTb

KoHPNUKT nHTepecoB. ABTOPbI AeKNapupyloT OTCYTCTBUE ABHbIX M MOTEHUMaNbHbIX KOHGIUKTOB WHTEPECOB, CBA3aHHbIX C
ny6nnKaumen HacToALLen cTaTby.
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INTRODUCTION

In recent decades, the role of polyphenolic com-
pounds in the pharmaceutical, cosmetic, and food in-
dustries has attracted significant attention [1-3], and
they are considered dietary supplements and promi-
sing therapeutic agents [4, 5]. Polyphenols are widely
distributed in plants and all possess an aromatic ring
with hydroxyl groups, but their structure can vary signi-
ficantly. They are commonly divided into several classes
such as flavonoids, lignans, phenolic acids, stilbenes, etc.
[6, 7]. The potential health benefits of polyphenols are
often associated with their high antioxidant activity [8, 91.
There are several well-known methods for the assessment
of antioxidant capacity in vitro such as ABTS/PP, DPPH
and others [10, 11]. They are inexpensive, easy to apply
and give fast, reproducible results. However, these me-
thods are not widely used for polyphenolic content de-
termination. In this paper, we report a novel methodo-
logy for the quantitative determination of polyphenols
by using antioxidant capacity measurement approach.

Several colorimetric methods are often employed
to study antioxidant plant extracts and food materials
such as total phenolic content determination by Fo-
lin - Ciocalteu method [12, 13] or total flavonoid con-
tent measurement with aluminium(lll) chloride solu-
tion [14, 15]. However, these approaches do not allow
us to determine the content of individual polyphenols
in such complex mixtures, different HPLC techniques
are typically used for their identification and quantifica-
tion [16]. The main challenge in applying antioxidant
capacity measurements for polyphenolic compounds
quantification in complex mixtures lies in obtaining da-
ta for components without prior separation. We hypo-
thesized that individual compounds content can be se-
lectively calculated in polyphenolic formulations due

to their different kinetics of interaction with ABTS™ ra-
dical cations. We focused on binary polyphenolic com-
binations in this study. Our goal was to develop an
approach for the quantitative determination of indivi-
dual polyphenols in binary combinations through the
measurement of ABTS™ radical cations accumulation
kinetics based on a lag-time experimental strategy.

MATERIALS AND METHODS
Materials

We have studied two binary polyphenolic formula-
tions: manually derived combination of alpha-tocophe-
rol (a-TOH) and dihydroquercetin (DHQ), as well as a
polyphenolic extract of larch knotwood containing se-
coisolariciresinol (SECO) and dihydroquercetin (Figure 1).

Dihydroquercetin (State Standard N°10766-2016,
Ametis JSC, Russia), alpha-tocopherol (95 %, Acros
organics BVBA, Belgium), secoisolariciresinol (Sigma-
Aldrich, USA, 95.0 %), its combinations and polypheno-
lic extract of knotwood of Larix dahurica Turcz. (Ame-
tis JSC, Russia) samples were dissolved in ethanol (99.9 %,
Merck KGaA, Germany) — deionized water (95:5) befo-
re the spectrophotometric study. Potassium persulfate
(99 %, PP, Sigma-Aldrich, USA), 2,2"-azino-bis(3-ethylben-
zothiazoline-6-sulfonic acid) diammonium salt (98 %,
ABTS, Sigma-Aldrich, USA). The components of phos-
phate buffer solution (PBS) were: potassium dihydrogen
phosphate, dipotassium hydrogen phosphate, sodium
chloride — Sigma-Aldrich.

Spectrophotometric assay

This approach is based on the ABTS/PP antioxidant
capacity assessment method [17,18]. Spectrophotomet-
ric measurements were performed on a Cary 100 spect-
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Figure 1. Chemical structure of studied compounds
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rophotometer (Varian, USA) with a 1 cm path length Pel-
tier temperature-controlled cuvette.

To record ABTS™ radical cations formation, 10-50 pL
of polyphenolic samples solution was added to ABTS
dissolved in PBS (pH 7.4). To initiate the reaction, PP solu-
tion in PBS was applied with subsequent shaking for
15 s. The final concentrations of ABTS and PP were
1.21 mM and 0.43 mM, respectively. The kinetics of the
ABTS™ radical cations accumulation was monitored at
maxima of 730-750 nm with an incubation tempera-
ture of 24 £ 1 °C until ABTS™ radical cations accumula-
tion reached a steady state. In the absence of antioxi-
dants, the accumulation of ABTS™ radical cations began
immediately upon the addition of PP. However, when
an antioxidant was introduced, a lag-time was typically
observed before the accumulation of ABTS* radical ca-
tions commenced.

Calculations

We used the following equations to quantify con-
centrations of DHQ - a-TOH combination constituents
(1) and content of polyphenolic larch knotwood extract
components (2):

)

ts
where C is concentration of an individual component
in testing combination solution (M), Cst is concentration
of an standard solution (M), tx is component lag-time

duration in testing combination (min), ts is lag-time dura-
tion registered for standard solution (min).

0.14- A

0.12

0.10

Abs

0.08

0.06-

X:z.(_'st .ﬁ.]()o%,
ts mx

)

where X is the content of individual component of
extract (%), C_ is the concentration of DHQ or SECO in the
standard sample (mg/mL), tx is component lag-time du-
ration in extract (min), ts is lag-time duration registered
for standard solution (min), Vx is a volume of the tested
extract solution (mL), mx is a mass of extract sample (mg).

RESULTS AND DISCUSSION

The lag-time spectrophotometric assay is based on
recording the kinetic curves of ABTS™ radical cations
accumulation, initiated by potassium persulfate. The
presence of an antioxidant results in ABTS™* radical ca-
tions accumulation delay, lag-time duration depends
on the antioxidant concentration. There are interactions
typical for binary combinations of antioxidants poten-
tially affecting the shape of kinetic curves: additive, sy-
nergistic, and antagonistic interactions. While synergis-
tic and antagonistic effects refer to difference between
the combination antioxidant effect and the total effect
of individual components, the additive effect is equiva-
lent to the sum of the effects of the individual compo-
nents [19]. For additive type combinations, the forma-
tion of two lag-time periods of ABTS™* radical cations
accumulation is possible. This phenomenon was obser-
ved in a DHQ and a-TOH combination study (Figure 2).

Initially, we have tested two DHQ - a-TOH combi-
nations with different component ratios — 1:1 and 1:6,
both exhibited two lag-time periods: 4.54 min (t,) and
6.68 min (1)) for 1:1 ratio combination (Figure 2, A);

—_———1
T T2 10

Ts

Figure 2. Kinetic curves of DHQ - a-TOH combinations:

20 30 Ta

Time, min

A - molar ratio 1:1 (both 6 uM), T, T, - lag-time periods; B - molar ratio 1:6 (6 uM of DHQ and 36 pM of a-TOH), T, T, -

lag-time periods
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28.10 min (t,) and 6.43 min (t,) for 1:6 ratio combina-
tion (Figure 2, B). By comparing the lag-time durations
of combinations with different component ratio, we can
associate each lag-time period with a specific com-
pound: T, value is 6.1 times lower than 1, which corre-
lates with the sixfold decrease in a-TOH concentration;
T, and T, values are close to each other - DHQ concent-
ration is the same in both combinations.

We propose that matching lag-time periods with
components of combination makes possible their quan-
tification using standard solutions of individual com-
ponents. The content of a component was calcula-
ted using equation 1 (Materials and methods). To eva-
luate this procedure we performed a quantification
assay of model DHQ - a-TOH combination (1:5 ratio)
with known concentrations of components. The mean
concentrations of components after six independent
measurements (C), relative standard deviation (RSD)
and the relative measurement error (&) were calculated
(Table 1). This technique demonstrated a high level of
reproducibility with a relative measurement error not
exceeding 3.6 %.

Table 1. Content determination
of DHQ - a-TOH combination constituents

nents were tested. They consist of two major polyphe-
nols DHQ and SECO and are considered prospective
antioxidant and antiproliferative pharmaceutical sub-
stances [20]. Model compositions of DHQ and SECO
have shown kinetic curves with two lag-time periods
formation (Figure 3). Testing combinations with the
same DHQ (2 mg/mL) and different SECO (2 mg/mL and
3 mg/mL) revealed that the first lag-time period (t) is
the same for both combinations and the latter ones (T,
and t,) becomes longer for combination with higher
SECO concentration. Thus, T, could be attributed to
DHQ and 1, and T, - to SECO. The calculations of DHQ
and SECO content were performed the same way as for
DHQ - a-TOH combinations with minor modifications
using equation 2 (Materials and methods).

Previously, polyphenolic extracts of larch knotwood
were analyzed using a validated HPLC technique, and
the obtained data on DHQ and SECO content were ta-
ken as true values (p) in this assay [21]. The mean con-
tent (n=6) of DHQ and SECO (X), relative standard de-
viation (RSD) and relative measurement error (8) were
calculated (Table 2).

Table 2. Content determination
Component
name K 1M ¢ uM RSD, % 5, % of DHQ - SECO combinations constituents
DHQ 10.0 9.7 2.0 3.0
Extract| O™POMeNt| o0 | X,% |RSD,% | &%
a-TOH 50.0 51.8 1.8 3.6 name
. DHQ 59.9 60.8 1.4 1.5
Note. | - value of concentration was taken as a true one. 1
SECO 224 23.2 1.2 3.6
To investigate the applicability of this methodology DHQ 58.8 506 14 14
for studying natural products, a polyphenolic extract 2 P e a7 > -
of larch knotwood with different contents of compo- : : i :
0.20
0.15
A B
3 0.0
<
0.05
T3
0.00 =———oor———— = T T
0 10 T 20 30 40
Time, min

Figure 3. Kinetic curves of DHQ - SECO formulations:
A -2 mg/mL DHQ, 2 mg/mL SECO; B - 2 mg/mL DHQ, 3 mg/mL SECO

PA3PABOTKA U PETUCTPALNA JIEKAPCTBEHHbIX CPEACTB. 2026. T. 15, N2 2
DRUG DEVELOPMENT & REGISTRATION. 2026. V. 15, No. 2 41



Mouck u pazpa6omka HoBbIX IeKAPCMBEHHbIX cpedcme
Research and development of new drug products

The content calculations demonstrate the high rep-
roducibility of the developed technique and yield re-
sults comparable to HPLC data results.

CONCLUSION

This is the first report of successfully applying an
antioxidant capacity measurement approach for the
quantification of individual constituents of polyphenolic
compositions. Our study confirmed that the methodo-
logy based on the ABTS lag-time assay could be effecti-
vely implemented for determining the content of com-
ponents in binary combinations. The quantification ana-
lysis of DHQ - o-TOH and DHQ - SECO combinations
using this technique demonstrated high reproducibil-
ity (with RSD not exceeding 2 %) and acceptable accu-
racy levels (with 6 not exceeding 3.7 %). As a result of
applying the developed methodology, a patent was
granted for the technique of analyzing polyphenolic
compositions. We believe that our findings provide a
foundation for future evaluations of this methodolo-
gy, potentially extending its application to more comp-
lex combinations of polyphenols and a broader range
of substances.
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