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Abstract: The use of an electrochemical approach for assessment of the oxid-
ative stress severity is a promising direction for point-of-care testing develop-
ment, which is especially important for critically ill patients. The aim of this
study was to determine the influence of different types of blood collection
tubes (with clot activator and separating gel, lithium heparin, sodium citrate
and K,EDTA) and storage conditions (at 25, 4 and —23 °C up to 5 days) on the
electrochemical analysis of the antioxidant status of blood plasma, assessed by
measuring the open circuit potential of platinum electrode (OCP) and antioxid-
ant capacity via cyclic voltammetry method (¢g). It was obtained that blood col-
lection tubes with lithium heparin and clot activator are the most suitable for
the electrochemical analysis of antioxidant status of blood plasma, since they
do not affect the results of measurements. Furthermore, data obtained during
storage blood plasma samples in different temperature conditions indicate that
it is preferable to perform electrochemical analysis in fresh samples.
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INTRODUCTION

Determination of antioxidant status of biological media in patients with vari-
ous pathologies has an important diagnostic value since it allows to assess the
severity of oxidative stress, which in turn affects the disease course and out-
come.!-2 At the present time electrochemical analysis is being actively introduced
for the assessment of redox properties of biological media, in particular, methods
of potentiometry and cyclic voltammetry (CV), which make it possible to assess
both the overall redox balance and the content of low molecular weight anti-
oxidants in analyte.3~7
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Important preanalytical phase in these studies include the blood collection pro—
cedure, sample preparation and storage prior to analysis. In clinical practice, a
large number of vacuum blood collection systems are used with various additives
for the biological samples stabilization or isolation a certain blood fraction (Table I).

TABLE 1. Blood collection tubes types and their uses®

Tubecap  Specimen Additive Analysis
color type
Yellow Serum Clot activator (SiO,) + gel Biochemistry
Red Serum No / Clot activator (SiO,) Biochemistry
Immunology
Lavender = Whole blood K2EDTA Hematology test
Plasma K3EDTA Immunology
Molecular diagnostics (PCR etc.)
Green Plasma Lithium heparin Urgent biochemistry
Sodium heparin Immunology
Light blue Whole blood Sodium citrate 9:1; Coagulation tests
Plasma 0.109 M (3.2 %) Hemostasis
Grey Plasma Sodium fluoride + Potassium Glucose
oxalate
Sodium fluoride + EDTA

However, while maintaining the stability of some substances, these additives
may affect the results of analysis of other substances.?

There is a lot of data in the literature on the influence of the type of blood
collection tubes used on the results of various routine tests,!0:-11 however, there
are significantly fewer studies on the influence of the type of blood collection
tubes on the results of analysis of oxidative stress markers. For example, Bastin
et al.12 showed that the analysis of the total antioxidant status of blood serum
using the ferric reducing antioxidant power (FRAP) assay turned out to be sen-
sitive to the components of the test tube — in plastic tubes with a separating gel,
the values were significantly lower than in a glass tubes, but were within accept-
able limits from a clinical point of view.

A comparison of the redox potential of blood plasma collected in tubes with
lithium heparin and sodium citrate (3.2 %) in study,> showed that the values of
the redox potential were more negative in heparinized blood plasma.

Studies of total antioxidant capacity of blood plasma containing the anti-
coagulants EDTA and lithium heparin showed that lithium heparin had no effect
on the antioxidant capacity of blood plasma in vitro, while EDTA was an inter-
fering agent.!3 However, the direction of the effect (overestimation or underest-
imation of results), probably depends on the method for determination of total
antioxidant capacity.
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Similar results were obtained when studying the influence of the type of
blood collection tubes on the analysis of the content of individual low-molecular
weigh antioxidants in blood plasma such as ascorbic acid!4 and uric acid,!3
which make a significant contribution to the total antioxidant capacity. It was
found that blood plasma ascorbic acid is more stable when stored in tubes with
lithium heparin compared with tubes with EDTA. The authors suggest that this
phenomenon was associated with the fact that EDTA — chelated iron is redox act-
ive and can promote the oxidation of ascorbic acid. Reduced levels of uric acid in
blood plasma could also be due to the influence of EDTA on the assay reagents.

It is well known that the duration and temperature of storage of samples
before analysis affects the laboratory tests results,!0 especially redox properties
of biological media,!6:17 since antioxidants are easily oxidized upon contact with
atmospheric oxygen. Jansen et al. showed that the antioxidant status of blood
serum of healthy people, determined by the total antioxidant status (74S) assay,
decreased during sample storage longer than 24 h. The samples stored at 20 °C
exhibited greater decrease in the parameter compared with samples stored at 4
oC.l16

Pawlik-Sobecka et al.!7 suggest that FRAP assay for determination of anti-
oxidant status of blood serum should be carried out no later than 24 h after blood
collection. If deviation of 10 % is acceptable, then the analysis can be carried out
within 48 h, provided the samples are stored at 20 °C, and within 120 h (5 days),
if the samples are stored at 4 °C.

In our previous study of redox properties of blood plasma stored at —40 °C!8
we observed that during first 14 days of storage there were a fluctuations of open
circuit potential (OCP) of Pt electrode values, measured in blood plasma, indi-
cating that storage of a biological media at very low temperatures does not exc-
lude the occurrence of redox processes.

It is also important to timely centrifuge the tubes after blood collection to
separate the plasma or serum from the blood cells to avoid cell metabolism inter-
fering with the test results.!®

Thus, studies on the influence of the type of blood collection tubes and
sample storage conditions on the electrochemical parameters characterizing the
antioxidant status of blood plasma or serum are practically not presented in the
literature.

The aim of this work is to study the influence of blood collection tubes
additives and sample storage conditions on the results of electrochemical assess-
ment of the antioxidant status of blood plasma.

EXPERIMENTAL

Blood plasma and serum sample preparation

In model experiments blood plasma donated by clinically healthy volunteer and collected
by automated apheresis was used and was provided by the Department of Transfusion Medi-
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cine of the N.V. Sklifosovsky Research Institute for Emergency Medicine in Moscow. Blood
plasma was aliquoted into vacuum blood collection tubes with the following additives: clot
activator with separating gel (Zhejiang Gongdong Medical Technology Co., China), lithium
heparin, sodium citrate (3.2 %, the ratio of citrate to blood is 1:9) and K,EDTA (Zdravmed-
tech, Russia). Tubes without additives were used as a control. Blood plasma samples were
stored at 4, 25 and —23 °C. Electrochemical measurements were carried out on the day of
blood plasma collection and after 1 and 5 days of storage.

Blood serum samples were obtained from 23 critically ill patients (average age 5519 y)
and examined before and after 24 h of storage at 4 °C. Blood was collected in vacuum tubes
with clot activator and separating gel; after at least 30 min tubes were centrifuged at 1500 g
(Allegra X-15R, Beckman Coulter, USA) at 25 °C for 10 min.

The study was conducted in compliance with the Declaration of Helsinki, International
Conference on Harmonization and Good Clinical Practice Guidelines, and was approved by
the Ethical Committee of N.V. Sklifosovsky Research Institute for Emergency Medicine,
Moscow, Russian Federation.

Electrochemical measurements

In electrochemical measurements in aqueous media two isotonic to blood plasma
solutions were used: saline solution (154 mM NaCl, pH 6.3 (JSC LenReactiv, Russia) and
phosphate buffered saline solution (137 mM NaCl, 2.7 mM KCl, 10 mM Na,HPO,, 1.8 mM
KH,POy; pH 7.4 (JSC LenReactiv, Russia). All reagents were of analytical-reagent grade.

Electrochemical analysis of the antioxidant status of biological media consisted of mea-
suring open circuit potential (OCP) of platinum electrode and determining its antioxidant cap-
acity by using cyclic voltammetry. In all experiments a saturated silver chloride electrode (sat.
Ag/AgCl; all potentials are reffered to Ag/AgCl scale) was used as reference electrode and
platinized titanium mesh was used as the counter electrode. The OCP result values were
recorded 15 min after platinum electrode immersion in the sample. Total antioxidant capacity
of biological media was assessed from overall quantity of electricity, ¢, spent for the oxidation
of low molecular weight antioxidants. The ¢ values were determined by integration the area
under the polarization curves in a range of potentials from 400 to 1000 mV.3

RESULTS AND DISCUSSION
Electrochemical measurements in aqueous solutions
Initially, measurements in saline solution and phosphate-buffered saline ali-

quoted into the blood collection tubes were carried out (Table II).

TABLE II. OCP of Pt electrode and pH values measured in isotonic solutions in the presence
of various additives

Blood collection tube Saline solution Phosphate buffered saline
OCP / mV pH OCP / mV pH
No additive 180.5 6.3 149.0 7.43
Clot activator + gel 183.6 6.2 146.9 7.48
Lithium heparin 182.8 6.1 147.2 7.46
Sodium citrate (3.2 %, 9:1) 146.5 8.76 132.4 7.51

K,EDTA 208.5 4.7 148.4 6.81
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Data presented in Table II show that sodium citrate and KoEDTA additives
significantly affect OCP of Pt electrode values measured in saline solution,
which may be associated with changes in the pH values of solutions. Thus, OCP
of Pt electrode value decreased by 34 mV in solution with sodium citrate and
increased by 28 mV in solution with KoEDTA compared to solution without
additives. In phosphate buffered saline one can see that pH values in all solutions
vary slightly and the OCP of Pt electrode values are practically the same except
for solution with sodium citrate. In this solution measurements showed a dec-
rease by 16.6 mV of OCP of Pt electrode value as compared to control.

Cyclic voltammetry measurements show that sodium citrate and KoEDTA
additives also affect the polarization curves in saline solution (Fig. 1).

04 ' saline solution
035 | - Clot activator + separating gel
--= Lithium heparin
0.3
—-- Sodium citrate
025 F e K2EDTA
0,2
<
2015
0,1
0,05
700 sU0 900 1000 1100 1200
-0,1

E/mV

Fig. 1. Cyclic voltammetry in saline solution with various additives.

As can be seen from Fig. 1, the electrochemical oxidation process begins to
occur at a potentials more positive than 850 mV in the presence of sodium citrate
(dash-double dot line) and more positive than 850 mV in the presence of
K,EDTA (dotted line). According to literature, both sodium citrate20:21 and
EDTAZ22.23 are able to adsorb and exhibit electrochemical activity on platinum
electrode. Thus, additional electrochemical processes in polarization measure-
ments in biological media will lead to data distortion.

Electrochemical measurements in model blood plasma

After electrochemical measurements in aqueous solutions a model experi-
ments in blood plasma aliquoted into the tubes with various additives and stored
at different temperatures were carried out. Fig. 2 shows the results of measure-
ment of OCP of Pt electrode and antioxidant capacity of blood plasma via CV
method during storage at temperature of 25 °C.
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Fig. 2. OCP of Pt electrode in blood plasma (a) and antioxidant capacity of blood plasma,
measured via CV (b) during storage at 25 °C.

From data presented in Fig. 2a it can be seen that the values of OCP of Pt
electrode measured in blood plasma samples aliquoted into tubes with additives
on the day of blood collection practically did not differ from the control sample
without additives. On average, the value of OCP of Pt electrode was —32.8+4.5
mV. However, this value measured in blood plasma sample with K;EDTA addit-
ive was significantly higher compared with other samples (95 mV, 4 = 128 mV).
Throughout the entire storage period, the OCP of Pt electrode values measured in
all studied blood plasma samples shifted to more positive potentials, which
indicates oxidative processes. The shift of OCP of Pt electrode value on average
was 136.1£3.9 mV, except for the sample with the addition of KoEDTA, where
this value practically did not change during the entire storage period.

As in the case with OCP of Pt electrode (Fig. 2b) the presence of such stabil-
izing additives as lithium heparin and clot activator with separating gel had
almost no effect on antioxidant capacity of blood plasma on the day of blood col-
lection. A significant difference in ¢ values was observed in blood plasma
samples in tubes with KoEDTA (4 = 2.1 uC) and sodium citrate (4 = 1.2 pC).

After 24 h of storage the values of antioxidant capacity in all blood plasma
samples varied slightly, and were on average 11.4+0.3 pC. On the 5th day of sto-
rage antioxidant capacity significantly decreased, reaching an average value of
7.3+0.4 pC.

Similar electrochemical measurements in samples stored at 4 °C were car-
ried out (Fig. 3).

During storage at a temperature of 4 °C, the values of OCP of Pt electrode
measured in all blood plasma samples shifted to more positive potentials (Fig.
3a). By the end of the first day of storage, the average value of the OCP of the Pt
electrode in the blood plasma, measured in the control sample and in samples in
tubes with clot activator with separating gel, lithium heparin and sodium citrate,
was —7.5£2.5 mV, and in a blood plasma sample in tube with Ko,EDTA additive,
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the OCP of Pt electrode increased to 105.4 mV (4 = 10 mV). The value of the
OCP of the Pt electrode, measured on the 5th day of storage in the control sample
and in blood plasma with additives, shifted to an average of 13+2.2 mV, and in
the test tube with K, EDTA to 106 mV.
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Fig. 3. OCP of Pt electrode in blood plasma (a) and antioxidant capacity of blood plasma,
measured via CV (b) during storage at 4 °C.

The results of measurements of total antioxidant capacity of blood plasma
samples demonstrate (Fig. 3b) that the lowest values compared with control were
in the samples with KoEDTA additive, where on the 15t day of monitoring g
value was 10.3 uC and by the end of the storage period it was 8.4 puC, while in
the other samples, the ¢ value on the 15t day of storage was on average 11.6+0.3
uC, and on the 5th day — 9.6+0.4 uC.

Next electrochemical measurements were carried out in blood plasma
samples stored at —23 °C (Fig. 4).

It can be seen (Fig. 4a) that after 5 days of storage at —23 °C in all studied
samples, except the sample with KoEDTA additive, OCP of Pt electrode values
shifted towards more positive potentials and reached the values on average
~15.0£2.2 mV on the 15t day of storage and 18.1+1.3 mV on the 5t day of
storage. The value of OCP of Pt electrode measured in blood plasma sample with
K,EDTA additive decreased to a value of 87.6 mV after 24 h of storage at —23
°C, in contrast with the measurements in samples stored at 25 and 4 °C, where
this value did not change or increased. After 24 h of storage the values of OCP of
Pt electrode remained unchanged until the end of storage at all temperatures.

Antioxidant capacity of blood plasma stored at —23 °C (Fig. 4b) decreased to
11.8 uC in control sample and increased to 13.3+0.1 pC in samples with lithium
heparin, sodium citrate and clot activator with gel additives after 24 h of storage.
In the blood plasma sample with K;EDTA additive the ¢ value increased to 10.8
uC. By the end of storage, the antioxidant capacity of all blood plasma samples
decreased, but not as much as when stored in other temperature conditions.
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Fig. 4. OCP of Pt electrode in blood plasma (a) and antioxidant capacity of blood plasma,
measured via CV (b) during storage at —23 °C.

Thus we can conclude that parameter of OCP of Pt electrode measured in
blood plasma turned out to be more sensitive to the storage conditions of bio-
logical media. In addition, K»EDTA and sodium citrate resulted in lower values
of total antioxidant capacity of blood plasma measured via cyclic voltammetry.

Since both when stored at 4 and —23 °C the OCP of Pt electrode values shift
towards more positive potentials, and the values of the total antioxidant capacity
fluctuate during freezing, it was decided to reduce the measurement time to 24 h
and carry out experiments for measuring electrochemical parameters in bio-
logical samples from patients under storage temperature of 4 °C in order to avoid
additional errors, related to the conditions of the sample thawing.

Electrochemical measurements in critically ill patients’ serum

Measurements of OCP of Pt electrode and antioxidant capacity in real
samples of blood serum collected in tubes with clot activator and separating gel
were carried out. In 43 % of cases (n = 10) the OCP of Pt electrode values mea-
sured in blood serum after 24 h of storage shifted to more negative potentials; in
35 % of cases (n = 8) the OCP of Pt electrode values practically did not change;
and in 22 % of cases (n = 5) shifted to more positive potentials. Comparison of
OCP of Pt electrode measurements in model blood plasma of healthy individual
and blood serum of several patients in critical condition is presented on Fig. 5.

The data obtained indicate the importance of performing electrochemical
measurements in fresh samples, since in real samples the magnitude and direction
of the OCP of Pt electrode shift during sample storage may be influenced by
individual characteristics of the biological media, depending on patients’ drug
therapy, therapeutic procedures, efc.

The value of the antioxidant capacity of blood serum after 24 h of storage at
4 °C significantly (p = 0.00005) decreased from 12.1+4.1 pC to 11.4+4.0 pC. It
should be noted that this parameter reflects only the content of low molecular
weight antioxidants, while the value of OCP of Pt electrode measured in blood
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serum is an integral parameter and reflects overall balance between pro- and anti-
oxidants.

——donor Oh
~~~~ donor 24h
——patient 1 0h
----- patient 1 24h
patient 2 Oh
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""" patient 3 24h
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=50 -

Fig. 5. OCP of Pt electrode in blood plasma of healthy individual and blood serum of patients
in critical condition before and after 24 h of storage at 4 °C.

CONCLUSION

Electrochemical methods of analysis continue to find their application in lab-
oratory practice for the evaluation of the redox properties of biological media in a
group of analyses of oxidative stress markers. The preparation of biological
samples is one of the key factors influencing the stability and accuracy of any
measurement results, especially the results of assessing redox properties, which is
associated with the stability of antioxidants contained in biological media.

In this paper blood plasma and sera samples with various additives stored at
three temperatures were studied. It was found that storage conditions have signi-
ficant effect on the results of electrochemical measurements in blood plasma.
This study indicates that blood collection tubes with lithium heparin and clot acti-
vator with separating gel are preferable for blood collection and storage due to
the least influence on the electrochemical parameters of biological media. Elec-
trochemical analysis in blood plasma should be carried out in fresh samples
avoiding storage.
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U3BOJI

EJIEKTPOXEMHIJCKA AHAJIM3A AHTUOKCHUIOATHBHOI CTATYCA BUOJIOIIKOT
MEIINIJYMA'Y PA3JTHUUTUM YCIIOBUMA Y30PKOBAILA U CKITATUINTELA

IRINA V. GORONCHAROVSKAYA, ANATOLY K. EVSEEV, ASLAN K. SHABANOV u SERGEY S. PETRIKOV

N. V. Sklifosovsky Research Institute for Emergency Medicine, B. Sukharevskaya sq., 3,
129090 Moscow, Russia

[IpuMeHa eNeKTPOXEMHU)CKOT MPUCTyNa 3a NPOLEHY jayuHe OKCUJATUBHOT CTpeca
je odehaBajyhu npaBau 3a pa3Boj TecThpamwa Ha JHUIy MecTa, LITO je MTocedHO BaXKHO 3a
KpPUTHUYHO DonecHe manujeHTte. Llu/p OoBOr HMCTpakMBama OMO je Aa ce YTBPAU YTHUIIAj
pa3JIMYUTUX TUIOBA €NpyBeTa 3a CaKyIbake KPBU (Ca akTUBATOPOM 3rpyllaBama U
TeJIOM 3a Cemapauujy, JUTHjyM-XenapuHoM, HaTpujym-uutpatom U K:EDTA) u ycnoBa
ckinagumTewa (Ha 25, 4 u —23 °C go 5 maHa) Ha eNeKTPOXeMHjCKy aHaATHU3y aHTUOKCH-
DaTUBHOI CcTaTyca KpBHE IJ1a3Me, NPOLEHEeHOI MEPEHEM NMOTEHLMjada OTBOPEHOT Koja
nnatuHcke enexrpoge (OCP) ¥ aHTHOKCHAATUBHOT KamalUTeTa METOLOM LHUKIHYHE
BoNTaMeTpHje (q). YTBpheHo je Ja cy enpyBeTe 3a NPUKYI/bake KPBU Ca JIMTHjyM-Xena-
PHHOM U aKTHBAaTOPDOM yIpyllaKa HAjNOTOJHUje 33 €JeKTPOXEMHjCKy aHalu3y aHTH-
OKCHIaTUBHOI CTaTyca KpBHE IJIa3Me, jep He yTUUy Ha pesyirate mepema. llltasuire,
nozjany nodujeHu TOKOM CKJIaJuLITeHha y3opaka KpBHe IUIa3Me Yy PaslHYUTHM TeMIe-
paTypHHUM ycC/lIOBUMa yKasyjy Ha TO fa je MO)Ke/bHO U3BPLIMTH €JEeKTPOXEMHUjCKYy aHa-
JIU3y y CBEXXHUM y30pLUMa.

(ITpumimeno 12. oxrodpa 2023, pesuaupano 1. janyapa, npuxsaheno 20. dpedpyapa 2024)

REFERENCES

1. A.F.Rogobete, D. Sandesc, M. Papurica, E. R. Stoicescu, S. E. Popovici, L. M. Bratu, C.
Vernic, A. M. Sas, A. T. Stan, O. H. Bedreag, Burns Trauma 5 (2017) 8
(https://doi.org/10.1186/s41038-017-0073-0)

2. M. Simic, J. Kotur-Stevuljevic, P. Jovanovic, M. Petkovic, M. Jovanovic, G. Tasic, V.
Savic, J. Serb. Chem. Soc. 88 (2023) 589 (https://doi.org/10.2298/JSC221221017S)

3. L. V. Goroncharovskaya, A. K. Evseev, A. K. Shabanov, O. Denisenko, Electroanalysis
33 (2021) 550 (https://doi.org/10.1002/elan.202060356)

4. A.K. Shabanov, A. K. Evseev, L. V. Goroncharovskaya, S. A. Badygov, R. A.
Cherpakov, V. V. Kulabukhov, E. V. Klychnikova, N. V. Borovkova, O. A.
Grebenchikov, S. S. Petrikov, Polytrauma 4 (2022) 56 (https://doi.org/10.24412/1819-
1495-2022-4-56-65)

5. D. Polson, N. Villalba, K. Freeman, Redox Rep. 23 (2018) 125
(https://doi.org/10.1080/13510002.2018.1456000)

6. H.-W. Wang, C. Bringans, A. J. R. Hickey, J. A. Windsor, P. A. Kilmartin, A. R. J.
Phillips, Signals 2 (2021) 138 (https://doi.org/10.3390/signals2010012)

7. M. Selakovi¢, M. M. Aleksic, J. Kotur-Stevuljevié, J. Rupar, B. Ivkovi¢, Molecules 28
(2023) 2113 (https://doi.org/10.3390/molecules28052113)

8. G. Lippi, A. von Meyer, J. Cadamuro, A.-M. Simundic, Diagnosis 6 (2019) 25
(https://doi.org/10.1515/dx-2018-0018)

9. R. A. R. Bowen, A. T. Remaley, Biochem. Med. 24 (2014) 31
(https://doi.org/10.11613/BM.2014.006)

10. C. Oddoze, E. Lombard, H. Portugal, Clin. Biochem. 45 (2012) 464
(https://doi.org/10.1016/j.clinbiochem.2012.01.012)



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ELECTROANALYSIS OF BLOOD PLASMA ANTIOXIDANT STATUS 549

N. Ayala-Lopez, S. E. Conklin, B.J. Tenney, M. Ness, M. A. Marzinke, Clin. Chim. Acta
520 (2021) 118 (https://doi.org/10.1016/j.cca.2021.05.019)

A. Bastin, S. Fooladi, A. H. Doustimotlagh, S. Vakili, A. H. Aminizadeh, A. Faramarz,
H. Shiri, M. H. Nematollahi, PLoS One 17 (2022) 0266567
(https://doi.org/10.1371/journal.pone.0266567)

C. Ialongo, Clin. Biochem. 50 (2017) 356
(https://doi.org/10.1016/j.clinbiochem.2016.11.037)

J. M. Pullar, S. Bayer, A. C. Carr, Antioxidants 7 (2018) 29
(https://doi.org/10.3390/antiox7020029)

D. Duplancic, L. Kukoc-Modun, D. Modun, N. Radic, Molecules 16 (2011) 7058
(https://doi.org/10.3390/molecules16087058)

E. H.J. M. Jansen, P. K. Beekhof, J. W. J. M. Cremers, D. Viezeliene, V. Muzakova, J.
Skalicky, Biomarkers 2013 (2013) Article ID 316528
(https://dx.doi.org/10.1155/2013/316528)

L. Pawlik-Sobecka, K. Sotkiewicz, 1. Kokot, A. Kiraga, S. Ptaczkowska, A. M.
Schlichtinger, E. M. Kratz, Diagnostics 10 (2020) 51
(https://doi.org/10.3390/diagnostics10010051)

I. V. Goroncharovskaya, V. B. Khvatov, A. K. Evseev, A. K. Shabanov, M. M. Goldin, S.
S. Petrikov, Gen. Reanimatol. 15 (2019) 47 (https://doi.org/10.15360/1813-9779-2019-1-
47-53)

B. L. Boyanton, K. E. Blick, Clin. Chem. 48 (2002) 2242
(https://doi.org/10.1093/clinchem/48.12.2242)

M. Donten, J. Osteryoung, J. Appl. Electrochem. 21 (1991) 496
(https://doi.org/10.1007/BF01018601)

0. I. Gonzalez-Pefia, T. W. Chapman, Y. M. Vong, R. Antafio-Lopez, Electrochim. Acta
53 (2008) 5549 (https://doi.org/10.1016/j.electacta.2008.02.104)

B. Zhao, W. Zhu, T. Mu, Z. Hu, T. Duan, Int. J. Environ. Res. Public Health 14 (2017)
819 (https://doi.org/10.3390/ijerph14070819)

J. W. Johnson, H. W. Jiang, S. B. Hanna, W. J. James, J. Electrochem. Soc. 119 (1972)
574 (https://doi.org/10.1149/1.2404264).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice



@Article{Goroncharovskaya2024,

  author    = {Irina V Goroncharovskaya and Anatoly K Evseev and Aslan K Shabanov and Sergey S Petrikov},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {Electrochemical analysis of antioxidant status of biological media in different sampling and storage conditions},

  year      = {2024},

  issn      = {1820-7421},

  month     = {4},

  pages     = {539-549},

  volume    = {89},

  abstract  = {The use of an electrochemical approach for assessment of the oxid­ative stress severity is a promising direction for point-of-care testing develop­ment, which is especially important for critically ill patients. The aim of this study was to determine the influence of different types of blood collection tubes (with clot activator and separating gel, lithium heparin, sodium citrate and K2EDTA) and storage conditions (at 25, 4 and –23 °C up to 5 days) on the electrochemical analysis of the antioxidant status of blood plasma, assessed by measuring the open circuit potential of platinum electrode (OCP) and anti­oxid­ant capacity via cyclic voltammetry method (q). It was obtained that blood col­lection tubes with lithium heparin and clot activator are the most suitable for the electrochemical analysis of antioxidant status of blood plasma, since they do not affect the results of measurements. Furthermore, data obtained during storage blood plasma samples in different temperature conditions indicate that it is preferable to perform electrochemical analysis in fresh samples.},

  doi       = {10.2298/JSC231012017G},

  file      = {:07_12620_5738.pdf:PDF},

  issue     = {4},

  keywords  = {antioxidants,sample processing,voltammetry},

  publisher = {National Library of Serbia},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/12620},

}



