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Abstract 

The imbalance between the production of Reactive Oxygen Species (ROS) and their sequestration 

promotes the formation of so-called oxidative stress conditions which are considered crucial in the 

aging process and development of many human diseases. Glutathione plays an essential role in the 

antioxidative barricade against ROS. Its role in the detoxification process of xenobiotics and carcinogen 

is also known. However, there are no comparative studies on the antioxidant properties of both 

biological samples and glutathione as well as the change in these properties as a result of exposure to 

various stress factors.  

This paper fills this gap comparing the antioxidant activity of serum and plasma samples of the known 

glutathione content with the activity of glutathione itself assessed by the different methods. In addition, 

it reveals a significant role of environmental xenobiotics in oxidative stress and differentiates the stress 

induced by different groups of drugs, among which the greatest one has been demonstrated for 

antiarrhythmic drugs and cytostatics. More importantly, it proves that human plasma is more resistant 

to stress factors and N-acetylcysteine clearly promotes the extension of antioxidant properties of both 

the plasma and serum samples. The latter conclusion is consistent with the implied preventive and/or 

supportive action of this drug against SARS-CoV-2. 

 

Keywords: ROS, GSH, ACC, oxidative stress, oxidative factors 
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Introduction 

Reactive oxygen species (ROS) are an integral part of our life and as such arise from 

endogenous and exogenous causes as products of cellular metabolism and, for example, a consequence 

of environmental pollutants, X-rays and gamma rays radiation or our lifestyle and habits [1,2]. Their 

presence can have a positive or negative impact on a human, depending whether there is a balance 

between their production and sequestration by the antioxidant defense system of an organism [3,4]. 

When this equilibrium is disturbed, due to the ROS overproduction and/or reduced efficiency of the 

defense system, a condition of the so-called oxidative stress arises which is believed to be crucial in the 

aging process and the development of many diseases such as for example the cardiovascular system 

disease, diseases of the central nervous system or cancer [5,6]. 

During the evolution, our organism develops several mechanisms to protect against the negative 

action of ROS. Each of them is based on the use of the so-called antioxidants, i.e. substances that 

counterbalance the noxious effect of ROS [7] by preventing the formation of reactive forms (1), 

neutralizing (scavenging) free radicals (2), creating chelate complexes with pro-oxidative metals (3) 

and removing or repairing damage caused by reactive compounds  

[8]. The most important endogenous antioxidants are small thiol-containing molecules of peptides and 

proteins, such as glutathione and thio-, gluta-, and peroxi-redoxin. Of them, glutathione (-L-glutamyl-

L-cysteinyl-glycine, GSH) presents in all eukaryotic cells plays a key role in antioxidative barricade 

against electrophiles and ROS [9,10,11]. 

The role of glutathione in physiological and pathological states and its impact on the redox and 

detoxification process of xenobiotics and carcinogen is described in the literature [12]. Similarly, there 

are several papers on the antioxidant properties of selected body fluids  

[13,14]. However, to our knowledge, there are no comparative studies on the antioxidant properties of 

both biological samples and glutathione as well as the change in these properties as a result of exposure 

to various stress factors. To fill this gap, the aim of the research described herein is to compare the 
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antioxidant activity of serum and plasma samples of a known glutathione content, with the activity of 

glutathione itself whose content was chromatographically assessed and examine to what extent the 

presence of stress factors will change the activity of the investigated samples. The research used various 

approaches to the assessment of antioxidant activity, namely the ABTS, ORAC, FRAP and CUPRAC 

methods. Moreover, the influence of various factors inducing oxidative stress was taken into account. 

As the exemplary factors of environmental stress, benzene and copper ions were used at the 

concentration observed in the environment. In addition, some pharmaceuticals were applied bearing in 

mind that this group of xenobiotics is an important but so far neglected in the research source of human 

oxidative stress. In assessing the impact of this group of substances, the representatives of various drug 

groups were used in the range of therapeutic concentrations characteristic of each of them. The 

following were selected for the study: atenolol and propanolol as the representatives of antiarrhythmic 

drugs; carbamazepine, ethosuximide, levetiracetam and primidone from the group of antiepileptic 

drugs, and 5-fluorouracil from cytostatics. The study also included acethylcysteine currently 

administered to the patients suffering from COVID-19 and, in the light of the data [15], exhibiting 

preventive and/or adjuvant effects against SARS-CoV-2. 

 

 

Materials and Methods 

Materials  

CuCl2, Fe2(SO4)3·7H2O, FeCl3·6H2O, HCl, CH3COONH4, benzene, ethanol, methanol, chloroform, 

CH3COONa, CH3COOH, NaH2PO4·H2O,Na2HPO4·7H2O were purchased from the Polish Chemical 

Plant POCh (Gliwice, Poland). 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt 

(ABTS), 2,2’-azobis(2-amidinopropane) dichloride) (AAPH), 2,2′-diphenylpicrylhydrazyl (DPPH), 

2,4,6-tri(2-pyridyl)-s-triazine (TPTZ), di-potassium peroxdisulfate, fluorescein, linoleic acid, 

neocuproine (2,9-dimethyl-1,10-phenanthroline, Nc), Trolox, Tween 20, β-carotene were purchased 
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from Sigma-Aldrich (Poznań, Poland). Milli-Q system (Millipore, Bedford, MA, USA) was applied for 

water purification.  

The ACC optima containing 600 mg of  N-acetylcysteine per 1 tablet was purchased in a local 

pharmacy. The analytical standards of atenolol, carbamazepine, ethosuximide, 5-fluorouracil, 

levetiracetam, primidone, and propranolol were purchased from Sigma-Aldrich (Poznań, Poland). 

Working solutions of standards were prepared in water from individual stock standard solutions 

prepared in methanol, except the fact that an  N-acetylcysteine tablet was immediately dissolved in 

water. They were kept under stable conditions at -20°C. 

The lyophilized whole blood controls with two levels of GSH concentration were obtained from 

Chromsystems Instruments & Chemicals GmbH (Gräfelfing, Germany). They were reconstituted in 

distilled water according to the manufacturer's instructions and stored deep-frozen until needed. 

The biological samples for testing were collected from a healthy volunteer during a period of 

one week. In each case, a small amount of blood was collected by the qualified staff in accordance with 

the local and national ethical regulations. Blood was obtained by venipuncture into commercially 

available red topped tubes and heparinized tubes for serum and plasma preparation, respectively. For 

serum preparation, the collected blood was allowed to clot at room temperature. After 20 min, the clot 

was removed by centrifugation at 2000 x g for 10 min. The resulting supernatant was transferred into 

polypropylene tube using a Pasteur pipette and immediately frozen at -20°C until testing. To prepare 

plasma, the procedure was analogous to that described above, except the fact that the cells were 

centrifuged immediately (without leaving for 20 min) and the resulting supernatant was separated and 

frozen. For the statistical purposes, all studies were performed with the pooled aliquots of serum or 

plasma. 
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Antioxidant activity assess methods 

The evaluation of the antioxidant activity was made using various approaches of spectroscopic 

methods. The spectrophotometric absorbance was measured by UV Probe - 2500 Spectrophotometer 

(Shimadzu, Kyoto, Japan) (unless stated otherwise). 

 

ABTS method 

The antioxidant activities of the examined samples (serum or plasma or serum without protein 

or gluthathione solutions) using the ABTS method were determined by registering of ABTS cation 

radical absorbance changes at 744 nm. The activity was measured after the formation of ABTS cation 

radical according to the procedure described by Nenadis et al. [16]. After mixing 5 mL of 7 mM 

aqueous ABTS solution with 88 μL of 140 mM potassium persulfate (K2S2O8) the mixture was 

incubated in the dark for 16 h and diluted with water to the absorbance value equal 0.7±0.05 at 744 nm. 

2900 L of aqueous solution of ABTS cation radical was mixed in a 4 mL test tube with 10 µL of 

plasma or serum or glutathione solutions. The whole was supplemented with water (90 µL) up to 

3000 L. In the case of serum without protein, 50µL of deproteinized sample was mixed with 2900 L 

of aqueous solution of ABTS cation radical and 50µL of water. The deproteinization process was as 

follows: 100 L of serum was added to 400 L of methanol. After mixing the whole was centrifuged at 

14000 rpm for 5 min. In all cases water was used to zero the spectrophotometer. 

The antioxidant properties expressed as the ABTS●+inhibition percent were calculated according to the 

following equation: 

I (%)= (1−
A60

A0

)⋅100%

 

where: A0 and A60 are the values of ABTS●+absorbance at 0 and 60 min of the radical neutralization 

reaction, respectively. 
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FRAP method 

The FRAP assay was performed using the method of Benzie and Strain [17]. To prepare the 

FRAP reagent: the solution of FeCl3·6H2O in distilled water (concentration of Fe(III) was 20 mM) was 

mixed with the solution of TPTZ in 40 mM HCl (concentration of TPTZ was 10 mM), and with 0.3 M 

CH3COOH/CH3COONa buffer solution at pH = 3.6. The FRAP reagent was generated daily by mixing: 

acetic acid buffer, TPTZ solution, and Fe (III) solution in the follow volume ratio10:1:1, respectively. 

In order to estimate the antioxidant activity of the examined samples,  2900 µL of FRAP reagent was 

mixed in a 4 mL test tube with 10 µL of plasma or serum or glutathione solutions. The whole was 

supplemented with water (90 µL) up to 3000 L. In the case of serum without protein, 50µL of 

deproteinized sample was mixed with 2900 L of FRAP reagent and with 50µL of water. The mixture 

was shaken for 30 s and left in the dark at 37 °C for 60 min. Then the measurements of the increase of 

absorbance at 593 nm were performed. The mixture of FRAP reagent and water without antioxidants 

was used  to zero the spectrophotometer.  

Aqueous solutions of Fe(II) in the concentration range 0.1–2.5 mM/L were used for calibration. A 

calibration curve was constructed mixing the above mentioned  Fe(II) solutions (100 µL) with 2900 µL 

of FRAP reagent (R2= 0.9934). The absorbance was read after 60 min at 593 nm. The antioxidant 

activities, expressed as the Fe(II) equivalents, were calculated.  

 

 

CUPRAC method 

Antioxidant activity of the examined sample in the CUPRAC method was established in terms 

of the reduction of the cupric - neocuproine complex (Cu(II)-Nc) to the cuprous form (Cu(I)-Nc)[18]. 

The CUPRAC test solution was prepared using:740 µL of CuCl2(concentration of Cu(II) was 10 mM), 

740 µL of neocuproine in the aqueous/ethanolic mixture (50/50 v/v) (concentration of neocuproine was 

7.5 mM), 740 µL of CH3COOH/CH3COONH4 buffer solution at pH = 7.0 (1.0 M), 770 µL of distilled 
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water (or 730µL in the case of deproteinized serum) and 10 µL of sample (or 50µL of deproteinized 

serum). The mixture was vigorously shaken for 30 s, left in the dark for 60 min and then the increase in 

absorbance at 450 nm was measured. A mixture of CUPRAC reagent and water was used to zero the 

spectrophotometer. 

 

ORAC assay  

2600 l of fluorescein (0.04 M) dissolved in the 0.075 M phosphate buffer (pH=7.0) was 

mixed with 10 l of the examined sample (or 50 l of serum without protein) and with 90 l of water 

(or 50 l for the determination of antioxidant properties of deproteinized serum). As the blank sample 

0.04 M fluorescein dissolved in the 0.075 M phosphate buffer (pH=7.0) (2600 l) with the addition 

100 l of 0.075 M phosphate buffer (pH=7.0) was used. The reaction mixture was then allowed to 

equilibrate by incubating for a minimum of 30 minutes at 37°C. Antioxidant properties were 

determined examining the fluorescence decay in the reaction initiated by the addition of 200 mM 

AAPH (2,2’-azobis(2-amidinopropane) dihydrochloride) (300 l) used as a peroxyl radicals generator.  

Fluorescence measurements were made at 37°C using RF-551 spectrofluorometer (Shimadzu, 

Japan). The excitation and emission wavelengths were as follows: 485 nm and 520 nm, respectively. 

The fluorescence was monitored kinetically recording the data every minute for 120 min. Pure water 

was used to zero the spectrofluorometer. The antioxidant capacity, expressed as the AUC, was 

calculated as follows [19]:  

AUC = 1 + f1/f0 +…….+ fn+1/f0 

where: AUC – the area under the fluorescence decay curve, f0 - the initial fluorescence reading at 0 min, 

and fn - the fluorescence reading at time n. 
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Effect of stressful factors on antioxidant properties of biological systems 

There was determined the effect for the serum (with and without protein), plasma samples 

including the GSH concentration for both matrices, as well as for commercially available whole blood 

solutions of GSH (at two GSH concentration levels, GSH I and GSH II) used as the control samples in 

the chromatographic analysis and for three types of stressing agents such as metal ions, organic solvent 

and drugs. Copper ions (Cu2+) and benzene were selected as the representatives of the first two factors. 

As for the third factor, it was represented by various kinds of commonly applied pharmaceuticals, 

including antiarrhythmic (atenolol, propanolol), antiepileptic (carbamazepine, ethosuximide, 

levetiracetam, primidone), cytostatic (5-fluorouracil) and mucolytic (N-acetylcysteine, ACC) ones. 

 The effect was examined by the ABTS method. Briefly, an aliquot (2900 l) of the aqueous 

ABTS radical cations solution (with the initial absorbance value equal 0.7±0.05 at 744 nm) was mixed 

with 10 l of a biological sample (50 l in the case of deproteinized serum) and 50 l of stressful 

factors aqueous solutions. The whole was supplemented with 40 l of water (0 l in the case of the 

deprotenized serum sample) to a volume of 3000 l. In the case of the systems containing only serum 

or plasma or glutathione solutions (without a stressing agent) 90 l of water was added to reach the 

same, constant volume of all measuring systems. The concentration of the aqueous solutions of metal 

ions and benzene was 1 g/mL. The aqueous solutions of drugs were prepared in such a way that the 

concentrations in the used volume (50 l) corresponded to the therapeutic dose of the drug in the blood 

(i. e. for: levetiracetam 70 g/mL; 5-fluorouracil 0.2 g/mL; carbamazepine 20 g/mL; primidone 8 

g/mL; propranolol 200 ng/mL; atenolol 1.150 g/mL; ethosuximide 90 g/mL) [20, 21]. In the case of  

N-acetylcysteine, the concentration was 40 g per 1 mL of blood. 

 

GSH determination 

GSH determinations were made using a standard diagnostic kit for the HPLC analysis 

(Chromsystems Instruments & Chemicals GmbH, Gräfelfing, Germany) on an HPLC-FD system 
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(NexeraX2, Shimadzu Corporation, Kyoto, Japan). The test was performed according to the instructions 

provided by the kit manufacturer using a sample volume of 10 µl. 

The used HPLC-FD method is a procedure intended for the routine diagnostic GSH 

determination using a selective separation column as well as a selective fluorescence detector (FD) 

operating at two wavelengths (385 nm for excitation and 515 nm for emission). Its first stage involves 

an appropriate sample preparation aiming at protein precipitation (precipitation reagent lot 0320), next 

chemical reduction of GSSG to non-oxidised glutathione (GSH) that can be determined 

chromatographically (reduction reagent, lot 1419), and finally derivatization using the derivatizing 

reagents (lot 1419 and 0320). The prepared sample is subsequently subjected to the HPLC separation 

followed by the FD detection of the sum of both oxidised and reduced glutathione.  

During the chromatographic analysis, the individual sample components are separated based on 

the differences in the affinity for the stationary phase (HPLC – column, lot 4115) and the mobile phase 

(lot 0419), both supplied by the kit manufacturer, which causes them to migrate at different rates to a 

detector where they are selectively and sensitively detected. The total amount of GSH was calculated 

by relating the GSH chromatographic response to the GSH calibration curve obtained using the highly 

purified whole blood GSH calibration standard (lot 4317) and the internal standard (lot 0320), both 

supplied by the kit manufacturer. To verify the correctness of the calibration, the control tests at two 

glutathione levels (whole blood GSH control level I and whole blood GSH control Level II, lot 4317) 

were analyzed. The correctness of the calibration was confirmed by obtaining the results within the 

manufacturer’s declared range of GSH concentrations in the control samples.  

 

Statistical analysis 

All the results are presented as the mean of three independent measurements. The one-way 

analysis of variance (ANOVA) was done to determine the significance of the main effects. Significant 

differences (p < 0.05) between the means were identified using the Fisher coefficient (F) value. If the 
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calculated value of F (Fcal) exceeds the table value F (Ftab), this indicates a statistically significant 

influence of the given parameter. 

 

 

Results  

Table 1 summarizes the antioxidant activity of serum, plasma and glutathione samples, 

estimated using the ORAC, ABTS, CUPRAC and FRAP methods. The exemplary curves of the 

concentration changes of the remaining ABTS radical cation, monitored for 60 minutes in the systems 

differing in the sample type are shown in Fig. 1 A. All data were obtained for the serum and plasma 

samples of the same human blood sample as well as the glutathione solutions prepared in the whole 

lyophilized blood at two concentration levels from the range in which this peptide is present in a 

healthy human. The total GSH concentration in the tested samples and the whole blood, determined 

chromatographically is presented in Table 2. For the sake of clarity, it should be added that the attempts 

to assess the antioxidant properties of the whole blood did not give unequivocal results, therefore the 

tests were limited to the serum and plasma samples. 

The results of research on the influence of various environmental and pharmaceutical stress 

factors, used alone and in a pair, on the antioxidant properties of the tested samples revealed by the 

ABTS method, are presented in Table 3 and Figure 2, respectively. In these experiments copper ions 

and toxic benzene were used as model the representatives of the environmental pollution. In turn, from 

the group of drugs, the research covered the representatives of the currently used antiarrhythmic, 

antiepileptic, cytostatic and mucolytic ones. The both groups of stress factors were used in the 

concentrations at which these substances either exist in the environment or are present in the human 

body at the so-called therapeutic level. All data are expressed as the difference () in the antioxidant 

activity of the biological sample without and with the addition a single xenobiotic as well as the sample 

with one and two xenobiotics. In the latter case, GSH I, levetiracetam, ACC or levetiracetam and ACC 
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were individually added to the serum and plasma samples containing primidone or benzene. The higher 

the difference value (), the greater the influence of a given xenobiotic is. The method of calculating 

the difference is presented graphically in Fig. 1 B in the form of a hypothetical graph of the dependence 

of the unreacted radical as a function of the time measured from the addition into the measuring system 

of a biological sample alone (solid line), and the sample enriched with xenobiotic which slows down 

(dotted line) or accelerates (dashed line) the disappearance of the radical. If the added xenobiotic slows 

down the disappearance of the radical i.e. reduces the antioxidant activity, then the graph is above the 

curve observed in the absence of this substance (negative ). However, if the added xenobiotic 

accelerates the kinetics i.e. intensifies the activity, the curve lies below (positive ). In other words, Fig. 

1 B shows the effect of the addition of a xenobiotic on the degree of suppression of the reaction kinetics 

(negative ) or its acceleration (positive ) in relation to the reaction kinetics observed in the biological 

sample alone. 

For the sake of clarity, the evaluation of the antioxidant properties was also made for the solutions of 

xenobiotics used alone and in a pair. In all cases, the observed inhibition of the radical ABTS cation 

was less than 2% (data not shown). Therefore, it can be assumed that the xenothiotics used in the 

research do not exhibit the antioxidant activity. 

 

 

Discussion 

Comparative studies of the antioxidant properties of serum and plasma samples as well as 

glutathione using various spectrophotometric approaches 

 

Currently, many analytical methods are used to determine the antioxidant activity of complex 

samples [22]. In the case of biological samples, the ABTS method is the most frequently applied [23]. 

Therefore, the comparative analysis of the antioxidant activity of serum and plasma samples as well as 
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glutathione at two concentration levels began with this method. The results obtained in this series of 

experiments are presented in the first row of Table 1 and Fig. 1.  

The data presented in Table 1 and Fig. 1 confirm the antioxidant activity of glutathione, which 

increases with the increasing concentration of this peptide in the sample from 947 µmol/L for GSH I to 

2186 µmol/L for GSH II (see Table 2 and compare the position of the curve obtained for GSH I with 

that for GSH II in Fig. 1A). Moreover, they show the influence of the type of biological matrix on the 

tested activity. Serum has a stronger ABTS cation radical-scavenging effect than plasma. Nevertheless, 

it is weaker than the action of glutathione at a higher concentration. Considering that the serum GSH 

content is much lower and comparable to the plasma GSH content (see Table 2), it can be concluded 

that other serum components exhibit antioxidant activity.  

The composition of the serum differs significantly from that of the plasma. It contains, among others, 

soluble products of the transformation of fibrinogen into fibrin, which may be responsible for the 

greater antioxidant activity of the serum. To validate this reasoning, the ABTS radical cation - 

scavenging was determined on the protein-free serum. The obtained data are collected in the third 

column of Table 1, as well as in the form of a relationship marked as 5 in Fig. 1A. These data confirm 

the share of serum proteins in the creation of antioxidant properties and prove a very complex nature of 

the antioxidant activity of natural systems [24-26]. 

Comparing the antioxidant activity of the tested samples was revealed using the ABTS method 

for the activity of the same samples estimated using other methods (successive rows of Table 1), it 

should be stated that the change of the method differentiates the antioxidant activity even in the case of 

methods based on the same reaction mechanism. This makes it difficult to draw unambiguous 

conclusions.  

Analyzing the results obtained with the ORAC method based on the mechanism of hydrogen atom 

transfer (HAT) [18, 26], it can be seen that the type of biological matrix does not affect the antioxidant 

properties. Differences in the activity of serum (with and without proteins) and plasma are statistically 
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insignificant (Fcal = 1.34, Ftab = 5.14). Moreover, the antioxidant properties of these three matrices are 

better than those obtained for the glutathione solutions. Thus, the results obtained in the ORAC assay 

contradict those obtained with the ABTS method. This is not unusual because the process of ABTS•+ 

neutralization proceeds based on the single electron transfer mechanism (SET) [19,23,27]. The worse 

antioxidant properties of glutathione solutions may be due to the fact that the decrease in fluorescence 

is often non-linear in time, which may be a problem contributing to the increase in measurement 

imprecision. The other possible explanation is that fluorescein is able to form complexes with the 

components of the sample resulting in an apparent increase in antioxidant activity of biological samples 

[12]. 

The FRAP method similar to the ABTS ones, based on the mechanism of a single electron transfer 

(SET) [27], reveals the similarity of the properties of the serum sample and the plasma as well as the 

lower activity of the protein-free serum sample. The antioxidant properties assessed with this method 

for the glutathione solutions are significantly greater than for serum and plasma. However, they do not 

correlate with the increase in glutathione concentration, as for GSH II a smaller and statistically 

significant difference in the tested activity was found (Fcal = 8.93, Ftab = 7.71). At this point it should be 

recalled that the FRAP method measures the reduction of ferric to ferrous ions in the presence of 

antioxidants in a non-physiological environment as it requires an acidic pH to maintain iron solubility. 

Moreover, this method does not detect antioxidants with the thiol group, which may explain the 

observed data. On the other hand, the CUPRAC method, based on the SET mechanism too [26], reveals 

a statistically significant influence of both the matrix and glutathione concentration on the antioxidant 

properties. These results are consistent with these obtained by ABTS. However, while in the case of the 

latter method the properties increased in the order: protein-free serum < GSH I < plasma < serum < 

GSH II, in the case of the CUPRAC method these properties increased in the following order: serum 

without proteins < serum < plasma < GSH I < GSH II. The reasons for the change of order can be seen, 

for example, in the fact that the CUPRAC assay measures the thiol-group antioxidants as well as other 
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blood antioxidants such as ascorbic acid, α-tocopherol, β-carotene, uric acid, albumin, and bilirubin. 

Nevertheless, although the CUPRAC method is an indirect method of assessing antioxidant capacity, 

the results obtained using it correlate best with those obtained by the ABTS method and the total GSH 

content. 

Summarizing, the analysis of the data collected in Table 1 shows differences in the antioxidant 

properties of serum and plasma as well as glutathione solutions tested with different methods. 

Nevertheless, each of the methods confirms the antioxidant activity of biological matrices, and the 

visible differences may result from methodological differences in the approaches and/or the 

composition of the tested systems. The last remark applies especially to the glutathione solutions 

prepared in the reconstituted whole blood lyophilisate, the composition of which may be different from 

that of the blood from which the serum and plasma were obtained in the tests. 

 

The influence of various stress factors on the antioxidant activity of biological samples 

The analysis of the data collected in Table 3 reveals a very diverse influence of individual 

xenobiotics on the antioxidant properties of the tested samples. Overall, the changes in the antioxidant 

capacity caused by environmental pollutants far outweigh the effects of drugs. With regard to drugs, a 

reduction in the antioxidant effect (negative ) is observed for most of them, the effect being the 

strongest for antiarrhythmic drugs and cytostatics. Only in the case of levetiracetam and ACC, positive 

 values were observed regardless of the sample type. Bearing in mind the preventive and/or supportive 

action against SARS-CoV-2 of the ACC drug, it is worth stressing of the studied stress factors this drug 

gives the highest delta values for the serum and plasma samples, which proves that it evidently 

promotes the increase of antioxidant properties. On the other hand, in the case of carbamazepine and 

primidone, the induced effect depends on the sample type, as in the case of the former drug, a decrease 

in antioxidant properties was observed for the serum and plasma samples, and in the latter - only for the 

serum sample 
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Generally, the smallest delta values were obtained for the serum, which may prove that this 

biological matrix is more susceptible to the influence of xenobiotic. The effect also depends on the 

concentration of glutathione and it decreases with the increase in the GSH concentration (compare the 

results for GSH I with those for GSH II). However, this conclusion does not apply to ethosuximide, 

levetiracetam and 5-fluorouracil because in the case of these xenobiotics, a decrease in the antioxidant 

properties is observed with an increase in  the GSH concentration. The reasons for this phenomenon are 

difficult to explain clearly, taking into account the extremely complex nature of biological samples and 

the fact that many factors can affect the antioxidant properties.  

From a comparison of the delta values obtained for the serum and plasma samples subjected to 

the action of one stress factor with those revealed after the introduction of the other one (see Table 3 

and Fig. 2), it can be seen that the addition of a second xenobiotic significantly changes the kinetics of 

the neutralization of ABTS cation radicals. Greater variation in the delta value is observed for the 

serum. For this matrix also the resultant effect of the action of two xenobiotics in all cases exceeds the 

effect that would be after summing the effects of single xenobiotics (compare the delta values in Fig. 2 

with those collected in Table 3, e.g. the delta value obtained for the system: serum + primidone + ACC 

with the values of serum + primidone and serum + ACC). In the case of plasma, the resultant effect of 

two xenobiotics is not so unequivocal. While in the system: plasma + primidone + levetiracetam the 

effect is comparable to the sum of the effects observed for the plasma + primidone and plasma + 

levetiracetam systems, in the plasma + primidone + ACC system it is lower than the sum of the 

respective effects. Since plasma is distinguished from serum by the presence of clotting factors, and 

these are known to be responsible for maintaining homeostasis, perhaps they are what differentiates the 

plasma response from the serum response to oxidative stress caused by the same factors. Another series 

of experiments is needed to address the relationship ambiguity and to explain why plasma is less prone 

the stressing agents. The task, however, is very complex, given how very complex mixtures are 
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biological samples, and that the effect may depend on our diet, habits, medications and even the 

proportions of the individual compounds. 

 

 

Conclusions 

 The article compares the antioxidant activity of human serum and plasma samples of the known 

glutathione content with the activity of glutathione alone, assessed by the ABTS, ORAC, FRAP and 

CUPRAC methods, and demonstrates greater resistance to oxidative stress of plasma samples. 

Moreover, the important role of environmental xenobiotics in the oxidative stress as well as the 

diversified influence of pharmaceutical ones were revealed. Of the all examined pharmaceutical 

xenobiotics, including the representatives of antiarrhythmic, antiepileptic, cytostatic and mucolytic 

drugs, the greatest stress was demonstrated for the antiarrhythmic drugs and cytostatics. More 

importantly, it was proved that  N-acetylcysteine evidently promotes the increase of antioxidant 

properties of both plasma and serum samples. The latter conclusion is consistent with the implied 

preventive and/or supportive action of this drug against SARS-CoV-2. 

Nevertheless, further series of experiments are needed to address the ambiguity of the observed 

relationships and to explain why human plasma is more resistant to the effects of various stressing 

agents. However, this task is very difficult considering the complexity of the mixtures that are 

biological samples, and the stress resistance effect may depend on our diet, habits and medications.  
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Figure captions 

Figure 1. The changes of the remaining ABTS radical cation observed within 60 min in:  

A) the real system containing serum, glutathione I, glutathione II, plasma and serum 

without protein;  

B) a hypothetical system explaining the way of Δ calculating: solid line -the kinetic curve in 

a reference system; dashed and dotted line - the kinetic curve in a system containing 

components accelerating and decelerating the antioxidant/ABTS•+ reaction rate, 

respectively. 

Figure 2. Effect of adding GSH I or levetiracetam or ACC (levetiraceteam or ACC) to a primidone 

(benzene) containing system on altering the antioxidant activity of serum (A) and plasma (B) 

samples, expressed as a difference of the antioxidant activity of the matrix with one and two 

factors 
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Table 1. Antioxidant properties of serum samples (with and without protein), plasma, and whole blood 

glutathione at two concentration levels (GSH I and GSH II), determined by the FRAP, 

CUPRAC and ORAC methods 

 

Method 

Sample type 

Serum Protein-free serum  Plasma GSH I GSH II 

ABTS 

[M/L of 

Trolox] 

515.58 ± 25.78 270.81 ± 13.54 420.36 ± 21.02 376.71 ± 18.84 

548.69 ± 

27.44 

ORAC 

[AUC] 

56.83 ± 2.84 57.34 ± 2.87 53.45 ± 2.67 43.00 ± 2.15 49.08 ± 2.45 

FRAP 

[M Fe2+] 
101.83 ± 5.10 76.28 ± 3.81 111.28 ± 5.54 246.83 ± 12.34 

216.83 ± 

10.84 

CUPRAC 

[mg/mL of 

gallic acid] 

0.14 ± 0.01 0.02 ± 0.00 0.19 ± 0.01 0.60 ± 0.03 0.71 ± 0.04 
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Table 2. The total GSH concentration in the tested samples and the whole blood determined 

chromatographically and expressed as the mean ± SD (n = 3) 

 

GSH concentration (in µmol/L) 

Serum Plasma Whole Blood GSH I GSH II 

6.14 ± 0.03 5.17 ± 0.01 1027.03 ± 2.17 947.32 ± 2.53 2186.57 ± 1.62 
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Table 3. The influence of the different stressful factors used alone on the antioxidant activity change of 

the examined matrices expressed as a difference of the antioxidant activity of the matrix with 

and without the factor 

 

Stress factor 

Sample type 

Serum 

Protein-free 

serum 

Plasma GSH I GSH II 

Δ 

Cu2+
 -18.16 ± 0.91 -2.30 ± 0.11 -18.80 ± 0.94 -20.71 ± 1.04 -14.98 ± 0.75 

Benzene -26.03 ± 1.30 -3.93 ± 0.20 -9.09 ± 0.45 -40.70 ± 2.03 -13.41 ± 0.67 

atenolol -21.09 ± 1.05 -3.63 ± 0.18 -9.81 ± 0.49 -14.35 ± 0.72 -5.61 ± 0.28 

propranolol -6.77 ± 0.34 -3.64 ± 0.18 -10.16 ± 0.51 -19.39 ± 0.97 -11.06 ± 0.55 

carbamazepine -2.19 ± 0.11 -0.34 ± 0.02 -3.64 ± 0.18 0.13 ± 0.01 6.25 ± 0.31 

ethosuximide -12.46 ± 0.62 -1.62 ± 0.08 -7.00 ± 0.35 -5.60 ± 0.28 -7.89 ± 0.39 

levetiracetam 5.08 ± 0.25 3.91 ± 0.19 7.46 ± 0.37 4.86 ± 0.25 3.00 ± 0.15 

primidone -20.38 ± 1.02 12.41 ± 0.62 5.64 ± 0.28 2.29 ± 0.11 12.89 ± 0.64 

5-fluorouracil -5.61 ± 0.28 -5.43 ± 0.27 -2.38 ± 0.12 -14.44 ± 0.72 -18.67 ± 0.93 

ACC 9.42 ± 0.47 1.70 ± 0.08 12.14 ± 0.61 7.90 ± 0.39 8.32 ± 0.41 



Figures

Figure 1

The changes of the remaining ABTS radical cation observed within 60 min in: A) the real system
containing serum, glutathione I, glutathione II, plasma and serum without protein; B) a hypothetical
system explaining the way of Δ calculating: solid line -the kinetic curve in a reference system; dashed and
dotted line - the kinetic curve in a system containing components accelerating and decelerating the
antioxidant/ABTS•+ reaction rate, respectively.



Figure 2

Effect of adding GSH I or levetiracetam or ACC (levetiraceteam or ACC) to a primidone (benzene)
containing system on altering the antioxidant activity of serum (A) and plasma (B) samples, expressed as
a difference of the antioxidant activity of the matrix with one and two factors
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