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Abstract

The potentiometric assay for determining the antioxidant activity of ascorbic acid has been developed and validated accord-
ing to the following parameters: specificity, linearity, accuracy, repeatability, intermediate precision. The linearity was in the
concentration range of 0.002—-0.02 mol L™ (r>=0.9993). The percentage of recovery was found to be in the range from 95.38
t0 105.00 %. The values of %RSD for repeatability and intermediate precision were 1.86 and 1.95 %, respectively. The method
is accurate and reliable, with the relative standard deviation of less than 2 %. It has been proven that the method developed
is express, rapid, highly sensitive, accurate and sufficiently reliable.
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HayioHanbHuli papmauesmuyHuli yHisepcumem MiHicmepcmea oxopoHu 300p08°ss YKpaiHu,
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MertponoriuHa XxapaKTepuUcTUKa po3po6/1eHOT MeToAUKU BUSHAUYEHHA aHTUOKCUAAHTHOI aKTUBHOCTI
acKopbiHOBOI Kucnotun

AHoTauin

MoTeHLiOMeTPpUYHY METOAMKY BU3HAYEHHS aHTMOKCUAAHTHOT aKTUBHOCTI ackopbiHOBOT KMc10TK B6yno po3pobseHo i Bani-
[0BAHO BiANOBIAHO A0 TaKMX NapaMeTpiB: cneundiuyHicTb, NiHINHICTb, TOUYHICTb, NPELM3IAHICTb, BHYTPILIHA NPEUM3IAHICTb.
NiHinHicTb 36epiranaca B gianasoHi KoHUeHTpaui 0,002—-0,02 monb A7t (r? = 0,9993). Bu3HayeHo, WO BiACOTOK BiAHOBNEHHA
cTaHoBUTb 95,38—105,00 %, npeumsilitHicTb Ta BHYTpilWHA npeumsiiHictb — 1,86 % Ta 1,95 %, BignosiaHo. MeToauKa xapak-
TEPU3YETLCA AK TOYHA i HAZiMHA, MA€E BiAHOCHe CTaHAAPTHE BiaxuneHHs meHwe 2 %. [loBeaeHo, Wwo po3pobaeHa meToamKa
eKcrpecHa, NPocTa, BUCOKOUYTAMBA, TOUYHA i 4OCTAaTHbO HagiHa.
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B Introduction

Reactive oxygen species are generated endo-
genously in the mitochondrial oxidative phospho-
rylation, or they may arise from exogenous sourc-
es, such as xenobiotic compounds [1, 2]. Oxida-
tive stress results in indirect or direct damage of
nucleic acids, proteins, and lipid, and has been
implicated in carcinogenesis, neurodegeneration,
atherosclerosis, diabetes and aging [3, 4].

Ascorbic acid is a six-carbon lactone obtained
from glucose in the liver. Human is not able to
synthesize it due to the lack of L-gulonolactone
oxidase [5]. Therefore, vitamin C must be obtained
from the diet to maintain a normal metabolic func-
tioning of the body. In the body of a human, vi-
tamin C reacts with free radicals as an antioxi-
dant [6]. The ascorbyl radical is formed when as-
corbic acid loses one electron, the second form is
called dehydroascorbic acid formed with losing
an electron by the ascorbyl radical [7, 8].

Most of the physiological functions of vita-
min C are related to its reduction properties [9, 10].
Ascorbic acid is involved in the synthesis of col-
lagen, carnitine and neurotransmitters. In ad-
dition, ascorbic acid accelerates the healing pro-
cess, affects the synthesis of a number of hor-
mones, regulates hematopoiesis and normalizes
capillary permeability [11-13].

According to Pubmed and ScienceDirect data-
bases, the number of publications dealing with

the study of the antioxidant activity of differ-
ent substances is growing steadily (Figure 1).
Known assays for determining the antioxidant
activity are based on the oxidation of the test
sample with oxidizing agents of various nature.
Oxidizing agents can be inorganic compounds —
K,[Fe(CN)¢], H,0,, KMnO,, and organic compounds
—2,2-diphenyl-1-picrylhydrazyl (in DPPH assay),
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid (in ABTS assay), Fe(IIl)-tripyridyltriazine
(in FRAP assay) [14]. The antioxidant activity of
ascorbic acid has been determined by different
assays, such as DPPH [15], ABTS [16], FRAP [17],
chemiluscent and potentiometric method [18].

S. Martinez et al. [19] applied the potentio-
metric assay in determining the antioxidant ac-
tivity of wine. The potentiometric assay they use
is based on titration of test samples with an elec-
trogenerated chlorine. Chlorine has the ability
to enter into various reactions (radical, redox,
electrophilic substitution and addition to multi-
ple bonds). Due to this, titration with chlorine
allows to cover a wide spectrum of biologically
active components possessing antioxidant prop-
erties. However, in our opinion, this method has
some disadvantages. Firstly, in the assay the
pH equals 2. At the same time, for studies of the
antioxidant activity related to living organisms,
the pH value should be maintained in the range
of 7.2-7.4 since it is physiological. Secondly,
chlorine is rather toxic compound.
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Figure 1. The number of published articles in the period of 2003—-2022 years
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Currently, ascorbic acid is found in numerous
plants, e.g., rose hips, mountain ash, viburnum,
currants, raspberries and citrus fruits. In addition,
vitamin C 1s also an ordinary “guest” in caplets,
tablets, capsules, drink mixes, multivitamin, an-
tioxidant formulation and dietary supplements.
Hence, the development of methods for determin-
ing the antioxidant activity of ascorbic acid is a
promising task today. Thus, the aim of the pre-
sent study was to develop and validate the po-
tentiometric assay for determining the antioxi-
dant activity of ascorbic acid.

B Materials and methods

Reagents

Ascorbic acid > 98.0% (Sigma-Aldrich). Reagents
K,[Fe(CN),], K,[Fe(CN) ], NaHPO,, KH,PO, were
of analytical grade and purchased from Reakhim
(Kharkiv, Ukraine).

Instruments

A pH meter Hanna 2550 (FRG) with a com-
bined platinum electrode EZDO 50 PO (Taiwan)
were used during potentiometric measurements.
The digital analytical balance AN100 (AXIS, Uk-
raine) with d = 0.0001 g was used for weighing.

Preparation of standard solutions

A stock solution of ascorbic acid (0.05 mol L)
was prepared by dissolving ascorbic acid in dis-
tilled water.

Model solutions of ascorbic acid were prepared
by dilution of the stock solution of ascorbic acid
(0.002, 0.006, 0.01, 0.014, 0.02 mol L1).

Preparation of phosphate buffer solu-
tions

8.00 g of NaCl, 0.20 g KCl, 1.44 g Na,HPO,,
0.24 g KH,PO, were dissolved in 800 mL of dis-
tilled water, and pH to 7.4 was adjusted with hyd-
rochloric acid or sodium hydroxide, and the so-
lution was diluted with distilled water to 1 L.

The procedure for the antioxidant acti-
vity determination

2 mmol L solution of K,[Fe(CN),] was pre-
pared by weighing 0.8232 g into a 25.0 mL vo-
lumetric flask, dissolving the compound in dis-
tilled water, and diluted to the volume with the
same solvent. 0.02 mmol L! of K,[Fe(CN),] was
prepared by weighing 0.0921 g into a 250.0 mL
volumetric flask, dissolving the compound in dis-
tilled water, and diluted to the volume with the
same solvent. Then 5.00 mL of the aliquot of both
prepared solutions was taken and transferred
into a 250.0 mL volumetric flask and diluted
to the volume with 0.067 mmol L phosphate
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buffer solution. 50.00 mL of the prepared inter-
mediate solution was transferred into an elec-
trochemical cell. The initial potential of the in-
termediate solution was measured after the ini-
tial one was determined, 1.00 mL of the aliquot
of the solutions obtained was added, and a final
potential was measured. The difference (AE) be-
tween the initial (¥,) and final (E,) potentials was
found [20].

The antioxidant activity was calculated ac-
cording to the following equation and expressed
as mmol L

Cox — Q- Cred

1+a

AOA = . Kdil . 103

where a = C, /C, Xx10@F-EethanohnFI23RT, O _ jg
the concentration of K,;[Fe(CN),], mol L'!; C,_, —
is the concentration of K,[Fe(CN);], mol L7
E ;... — 0.0546xC, —0.0091; C,, — is the concen-
tration of ethanol; AE — is the change of the po-
tential; F' = 96485.333 C mol™" — is the Faraday
constant; n = 1 — is the number of electrons in
the electrode reaction; R = 8.314 J mol!' K-! —is
the universal gas constant; 7' — 298 K; K, — is
the coefficient of dilution.

Validation method

Validation of the potentiometric method for
determining the antioxidant activity of ascorbic
acid was performed according to the Interna-
tional Conference on Harmonization (ICH) [21].
The method proposed was validated by the fol-
lowing parameters: specificity, linearity, accuracy,
repeatability and intermediate precision.

The specificity of the method was studied by
the potentiometric titration of the solvent.

The linearity of the method was studied at
5 concentration levels (0.002, 0.006, 0.01, 0.014,
0.02 mol L Y). The antioxidant activity was eva-
luated by the potentiometric method. The linea-
rity was determined by a linear relationship bet-
ween the logarithm concentrations of the ascor-
bic acid solutions prepared. The linear regres-
sion was calculated by the method of least squares
to obtain the regression equation and determine
the correlation coefficient (r?). According to the
requirements of ICH, the value of the correlation
coefficient when studying the linearity should not
exceed 0.999.

The accuracy was evaluated by calculating re-
covery of ascorbic acid using the standard addi-
tion method. Three levels of ascorbic acid con-
centration corresponding to 50, 100, 200% of the
working concentration of ascorbic acid 0.1 mol L™
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were taken. The acceptance criteria were RSD
and should not exceed 2%.

The precision of the method was assessed by
repeatability and intermediate precision. In the
case of repeatability, the working solution of as-
corbic acid with the concentration of 0.01 mol Li!
was analyzed six times at the same day. The inter-
mediate precision was evaluated with the same
concentration of ascorbic acid at different days.
The acceptance criteria were RSD and should
not exceed 2%.

The statistical processing of the experimen-
tal data obtained was performed in accordance
with the monograph “Statistical analysis of the
results of a chemical experiment” of the State
Pharmacopeia of Ukraine.

B Results and discussion

The potentiometric method for determining
the antioxidant activity is based on the interac-
tion of a mediator system with an antioxidant.
The mediator system consists of an oxidizing agent
and a reducing agent. When an antioxidant is
added to the mediator system, the ratio of the
oxidizing agent and reducing agent changes, which
leads to a shift in the potential of the electro-
chemical cell. After that, the potential difference
and the antioxidant activity of the antioxidant
studied are calculated.

In order to develop a potentiometric assay for
determining the antioxidant activity of ascorbic
acid, it was necessary:

1) to choose the optimal redox electrode;

2) to choose the optimal ratio of K,;[Fe(CN)]
and K,[Fe(CN)];

3) the potential of the platinum electrode should
correspond to the Nernst dependence of the po-
tential change.

The main criteria for choosing the redox elec-
trode are the range of measuring the potential
of the electrochemical cell and the time of estab-
lishing the potential.

The potential of the electrochemical cell is
measured by platinum, gold and glass-carbon
electrodes. Thus, to choose the optimal electrode
we analyzed characteristics of three electrodes
mentioned above.

Table 1 shows that the glass-carbon electrode
has the widest range of measuring the potential
of the electrochemical cell, followed by the plati-
num electrode, whereas the gold one has the nar-
rowest measuring potential of the electrochemi-
cal cell. Therefore, the platinum and glass-carbon
electrodes meet the requirement of the range of

Table 1. Measuring ranges of potentials of electrodes

No. Electrode

Measuring ranges, V

1 |Platinum electrode

from -0.1to +0.9

Gold electrode

from -0.1 to +0.3

3 | Glass-carbon electrode

from -0.9 to +0.8

Table 2. The time of the establishing the potential of the
electrochemical cell

No. Electrode Time, sec
1 |Platinum electrode 1040.3
Gold electrode 1800+36.0
3 | Glass-carbon electrode 300+6.0

Note: n=5, p <0.05

measuring the potential of the electrochemical
cell.

Table 2 demonstrates that the platinum elec-
trode is the fastest (10 sec) in establishing the
potential of the electrochemical cell, followed by
the glass-carbon electrode (300 sec), and the gold
electrode has the longest time (1800 sec).

According to the results obtained, the plati-
num electrode met all the requirements to the
redox electrode and was the most suitable for
determining the antioxidant activity of ascorbic
acid. Thus, it was used in the study.

The accuracy of determining the redox poten-
tial of the system depends on how the Nernst de-
pendence follows the potential change. Figure 2
shows the dependence of the potential of the pla-
tinum electrode EZDO 50 PO in the sodium phos-
phate buffer with the pH 7.4 and various concen-
trations of K;[Fe(CN),J/K,[Fe(CN)4]. The pre-loga-
rithmic coefficient in this dependence is 58.5 mV
(Figure 2), which is close to the theoretical va-
lue of RT/nF = 59.16 mV in the Nernst equation
for a one-electron process at 25°C. From men-
tioned above, it can be concluded that the plati-
num electrode is completely suitable according
to the criteria set.

To select the optimal concentration and ra-
tio of K;[Fe(CN),] and K,[Fe(CN),], the following
criteria were used:

1) the minimum change in the system poten-
tial must be at least 20 mV;

2) the high speed of equilibration;

3) the potential of the system must be stable
over time.

Table 3 demonstrates the change in the po-
tentials of the system with different ratios of
K;[Fe(CN),] and K,[Fe(CN),] concentrations after
the introduction of the test samples (1.0-5.0 mol i
of ascorbic acid). It is easy to see that in the
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Figure 2. The dependence of the potential of the platinum electrode EZDO 50 PO in the sodium phosphate buffer with the pH 7.4 and

various concentrations of K,[Fe(CN),]/K,[Fe(CN),]

Table 3. The change in the potential after the introduction of ascorbic acid (1.0 and 5.0 molL™) into the mediator system of various

compositions

Mediator system K,[Fe(CN).J/K,[Fe(CN),], mol L Agff‘ifoc‘:n”gleﬁffi'\‘;” A(E)ff‘;_'oc‘;‘:fﬁﬂ'\‘;”
System 1 0.002/0.00002 25.00.3 400203
System 2 0.001/0.00001 40.0%0.3 100.040.3
System 3 0.1/0.001 2.010.3 12.040.3
System 4 0.05/0.001 10.040.3 25.00.3

Note: n=5, p<0.05

system 1 and 2 the minimum potential change
is greater than 20 mV. However, the redox poten-
tial of system 2 is not stable for 30 minutes, this
may be due to the fact that the concentration of
K,[Fe(CN),] is low enough for the potential of the
system to be stable over time. System 1 turned
out to be the most stable over time, and its po-
tential did not change over the course of an hour.
Therefore, this mediator system was chosen to
determine the antioxidant activity of the sam-
ples under study.

The linearity was proven in the concentration
range from 0.002 to 0.02 mol L. The regression
equation of the curve had the following form: y
= 2.5896x + 7.4011. The value of the correlation
coefficient (r?) was equal to 0.9993 (Figure 3).

The accuracy of the method was assessed by
the percentage of recovery. The percentage of re-
covery was found to be in the range from 95.38
to 105.00% (Table 4).

The precision of the method was confirmed by re-
peatability and intermediate precision. The values

Table 4. Recovery studies using the standard method of addition

AOA Amount added Amount taken Amount %, Recovery
AO A of AQ, of AO (C,), recovered (G,), _ G
mmol-eq. L » " 3 R = +100 %
mmol-eq.L mmol-eq.L mmol-eq.L C,
3.00 102.79
0.98 2.93 3.02 103.07
2.80 95.56
4.00 102.39
Ascorbic acid 1.95 1.95 3.90 4.11 105.00
3.72 95.38
5.00 102.46
2.93 4.88 5.14 105.00
4.80 98.36
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Figure 3. The calibration curve of the concentration logarithm vs the antioxidant activity of ascorbic acid

Table 5. Repeatability results for determining the antioxidant
activity of ascorbic acid

Table 6. Intermediate precision results for determining
the antioxidant activity of ascorbic acid

Number of samples AOA of ascorbic, Number of samples Ascorbic acid
mmol-eq. L The first day The second day
1 1.95 1 1.95 1.99
2 1.99 2 1.95 1.98
3 101 3 1.97 2.05
4 1.91 4 2.02 1.95
5 2.00 5 1.90 1.97
6 195 6 1.98 1.98
Mean, mmol-eq. L™ 1.96 1.99
Mean, mmol-eq. L™ 1.95 ) 0.03971 0.03386
sD 0.04045 Confidence interval,
Confidence interval, 0.04 mmol-eq. L™ 0.04 0.04
mmol-eq. L™ ' RSD, % 2.00 1.70
RSD 1.95 Mean of RSD, % 1.86

of % RSD for repeatability and intermediate preci-
sion were 1.95 and 1.86%, respectively. The %RSD
values were less than 2%. It proves that the me-
thod is precise (Tables 5 and 6).

B Conclusions

The potentiometric assay for determining the
antioxidant activity of ascorbic acid has been
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