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ABSTRACT

INTRODUCTION:  The thiol (SH) groups present in human blood plasma play an important role in the oxidative/anti-
oxidative homeostasis of the organism. They are susceptible to the adverse actions of different exo- and endogenous 
factors. Chronic exposure to different xenobiotics, e.g. nitrogen-containing compounds commonly occurring in food, is 
especially important. The aim of this study was to investigate the effect of acrylamide (ACR) and sodium nitrates (SN) 
– (V) and (III) – on the plasma antioxidant properties, as reflected by changes in the SH group levels.
MATERIAL AND METHODS:  The concentration of SH groups was measured by Ellman’s method in blood plasma 
derived from 62 young people (in vivo model; time t0), and after 1 hour of blood plasma incubation with appropriate 
ACR and SN (III) concentrations (ex vivo model; time t1). The concentrations used corresponded with their daily intake 
(DIA – daily intake of acrylamide, and DIN – daily intake of sodium nitrates (V) and (III), respectively), estimated on 
the basis of a nutritional questionnaire.
RESULTS:  In both models, acrylamide and nitrates caused a significant decrease in SH group concentrations, but ACR 
induced stronger changes. The women consumed a greater amount of these nitrogen-containing compounds compared 
to the men, probably due to their different dietary habits.
CONCLUSIONS:  The obtained results indicate that these nitrogen-containing xenobiotics are important agents lowering 
antioxidative plasma potential, hence their intake should be controlled.
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STRESZCZENIE

WSTĘP:  Grupy tiolowe (SH) obecne w osoczu krwi odgrywają ważną rolę w oksydacyjno-antyoksydacyjnej homeosta-
zie organizmu. Są one podatne na niekorzystne działanie różnych czynników egzo- i endogennych. Szczególnie istot-
nym problemem jest długotrwałe narażenie na różne ksenobiotyki, np. związki zawierające azot, powszechnie wystę-
pujące w żywności. Celem naszych badań była ocena wpływu akrylamidu (acrylamide – ACR) i azotanu sodu (sodium 
nitrate – SN) – (V) i (III) – na właściwości przeciwutleniające osocza poprzez pomiar stężenia grup SH.
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INTRODUCTION

The antioxidant properties of human blood plasma are 
guaranteed by various enzymatic or non-enzymatic bio-
logical compounds. Thiol groups (SH) form one of the 
important elements in the mechanism of antioxidant 
defense, as they are strong reductors, which easily un-
dergo oxidation to disulfide bonds, nitrosothiols or sul-
finic acids [1]. The main source of thiol groups in blood 
plasma is primarily glutathione, and in smaller amounts, 
cysteine residues of albumin. Glutathione helps in the 
maintenance of SH groups of albumin in the reduced 
state, which prevents their irreversible oxidation du- 
ring oxidative stress (OS) [2,3,4]. The measurement of 
total SH concentration reflects the antioxidant capacity  
of blood plasma, but it is also a good indicator of oxi-
dative damage to proteins in different diseases such as 
diabetes mellitus, metabolic syndrome, cancers, fertil-
ity disorders and others. Additionally it is applied as  
a marker of exposure to certain xenobiotics [1,5,6,7]. 
Estimating the biochemical and health effects of expo-
sure to different xenobiotics is very important but rela-
tively difficult due to chronic exposure, the low, often 
subminimal concentrations of xenobiotics, and their 
different sources as well as their multi-faceted mecha-
nisms of action [8,9]. Currently, increasing attention is 
being paid to dietary compounds, both natural ones and 
those added to food as preservatives, flavor enhancers 
or dyes. A proper choice of diet is particularly signifi-
cant during the growth and development of children and 
adolescents [10,11]. The knowledge of dietary habits 
in certain social groups can be helpful in estimating the 
health hazards connected with dietary xenobiotics and 
the subsequent introduction of appropriate preventive 
actions before harmful contaminant-induced effects 
[12]. 
Special attention is given to the adverse action of ni-
trogen-containing compounds commonly occurring in 
food such as nitrates and acrylamide. Due to their com-
mon occurrence in food, they are often taken with the 
daily diet. These compounds, as well as products of their 
biotransformation (such as nitrosamines and glycida- 
mide), are considered potentially harmful for human 
health, however, the evidence of adverse effects caused 

by their increased dietary intakes is weak. The research 
on their effects on the human body is currently signifi-
cant in relation to civilizational threats. It is indicated 
that they may induce OS and disturb the oxidative/ 
/antioxidative balance, thus participating in the patho-
genesis of many diseases [13,14,15]. Sodium nitrate 
(V) and sodium nitrate (III), abbreviated as SN, are 
widely used as fertilizers and food preservatives. Ap-
proximately 25% of supplied SN (V) is reduced to SN 
(III), which is definitely much more toxic and causes 
the formation of procarcinogenic nitrosamines, with 
potential free radical properties available to damage SH 
groups [15,16]. The literature data also confirm the tox-
icity of acrylamide (ACR), which is formed during the 
thermal processing of food and its metabolites. Tobacco 
smoke is another major source of ACR [17,18]. In the 
organism, ACR undergoes metabolic conversion to its 
reactive epoxide form – glycidamide. This compound 
demonstrates the ability to form adducts with proteins, 
mainly hemoglobin, which can lead to disturbances in 
their structure and function. Furthermore, glycidamide, 
through binding to DNA, may trigger damage to ge-
netic material [19,20]. 
Evaluation of the parameters of the plasma antioxidant 
system is the subject of constant attention. It is known 
that the antioxidant capacity changes under exposure to 
various xenobiotics, as well as those derived from foods 
[21]. The general toxic effects of ACR and SN (V) and 
(III), and nutritional questionnaires on the intake of 
these substances in the diet are relatively numerous and 
well-known [20,22,23,24], but there is still a lack of 
data evaluating the impact of these compounds on the 
total cellular pool of free thiols in blood plasma.
The aim of this study was to estimate the influence of 
ACR and SN (V) and (III), derived from the diet, on 
the total pool of free thiols in blood plasma in young 
healthy people. We decided to measure the concentra-
tions of the SH groups in blood plasma under in vivo 
conditions and in an ex vivo model after incubation 
with ACR and SN concentrations estimated on the basis 
of a nutritional questionnaire, corresponding to the av-
erage daily intake of the studied population. Such con-
ditions are intended to reflect the chronic exposure to 
low concentrations of these compounds and to estimate 
possible time-dependent changes in SH group levels. 
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MATERIAŁ I  METODY:  Stężenie grup SH w osoczu uzyskanym od 62 młodych osób (model in vivo; czas t0) oraz  
w próbkach poddanych godzinnej inkubacji z odpowiednim stężeniem ACR i SN (III) (model ex vivo; czas t1) mierzono 
metodą Ellmana. Stężenia ACR i SN (III) w modelu ex vivo odpowiadały ich dziennemu spożyciu (odpowiednio DIA 
– daily intake of acrylamide – i DIN – daily intake of sodium nitrates (V) i (III)), oszacowanemu na podstawie kwestio-
nariusza żywieniowego.
WYNIKI :  W obu modelach akrylamid i azotany spowodowały znaczny spadek stężenia grup SH, ale ACR spowodował 
silniejsze zmiany. Kobiety spożywały większą ilość związków zawierających azot w porównaniu z mężczyznami, praw-
dopodobnie z powodu odmiennych nawyków żywieniowych. 
WNIOSKI:  Uzyskane wyniki wskazują, że ksenobiotyki zawierające azot są ważnymi czynnikami obniżającymi poten-
cjał antyoksydacyjny osocza, a ich spożycie powinno być kontrolowane.

SŁOWA KLUCZOWE
akrylamid, azotan (III) i (V) sodu, dzienne spożycie, grupy tiolowe, potencjał antyoksydacyjny
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and (III) in the products indicated by the respondents 
[µg/kg of product], W = weight of the product [kg],  
R = frequency of consumption per day, and M = body 
mass of the participant [kg]. 

Measurement of SH group concentrations in in vivo 
and ex vivo models

To evaluate the changes in the SH group levels as  
a result of exposure to ACR and SN (V) and (III), we 
conducted measurements in two experimental models: 
under in vivo and ex vivo conditions. The first model 
(in vivo) evaluates the SH group concentrations in the 
context of nitrogen-containing compound intakes from 
the diet by the participants under native conditions 
(time t0). The second one evaluated the effect of cer-
tain doses of the nitrogen-containing compounds on the 
SH levels, after exposure to these compounds ex vivo. 
The samples of blood plasma were incubated separately 
with a solution of ACR at the concentration of 1.2 µM 
(estimated on the basis of DIA) and with SN (III) at 
the concentration of 0.56 mg/l (estimated on the basis 
of DIN) for 1 hour (t1) at the temperature of 37°C on  
a Heidolph Polymax 1040 (Germany) platform. We  
applied only SN (III), due to the fact that SN (V) is 
rapidly converted in the organism into the more reactive 
and toxic SN (III) [15]. The concentration of SH groups 
(in both models) was measured spectrophotometrically 
using Ellman’s method as described elsewhere [32]. 

Measurement of protein concentration

The total blood plasma protein concentration (g/L)  
was measured using the spectrophotometric method, 
based on the ability of amino acids to absorb ultravio-
let radiation at two specific wavelengths (λ = 280 and  
λ = 260 nm) [33]. This enables the concentration of SH 
groups to be presented as µmol/g of protein. 

Statistical analysis

Statistical analysis was performed using the Statistica 
PL program, version 12. The results are shown in the 
tables as average values and standard deviation, me-
dian and first and third quartile (quantitative date), as 
well as as a percentage (qualitative data). The normality 
of distribution was checked by the Shapiro-Wilk test. 
The significance of differences between the compa-
red groups was evaluated using the U Mann-Whitney 
or Wilcoxon test. Spearman’s rank order correlation 
was conducted. The statistical significance was set at  
p < 0.05.

RESULTS

The results of the analysis of the nutritional question-
naire data on the DIA and DIN by the participants of 
this study, per kg of body weight (µg/kg bw/day), tak-
ing gender into account, are shown in Table I.

MATERIAL AND METHODS

General characteristics

One hundred healthy young people, aged 19–24, stu-
dents of Wroclaw Medical University, were recruited 
for this study. The exclusion criteria included serious 
diseases, metabolic disorders, mental health issues and 
declared regular use of medication. Of the participants 
that were recruited, 34 were excluded from the study  
(18 participants did not correctly complete the nutri-
tional questionnaire, 9 declared particular dietary hab-
its, such as vegetarianism or gluten-free diets and 7 de- 
clared taking dietary supplements including antioxi-
dants). Moreover, 4 blood samples had to be excluded 
because of hemolysis. Finally, the study involved 62 
young healthy people, 22 men (35.5%) and 40 women 
(64.5%). Blood was collected from all of them in a fasting 
tate and placed into test tubes containing EDTA-K2.  After 
centrifugation under standard conditions, the obtained 
plasma was stored at -80°C until used (for no longer 
than 2 months). Before the blood was drawn, each of 
the study participants completed the nutritional ques-
tionnaire. The study was approved by the Bioethics 
Committee of the Wroclaw Medical University  
KB-26/2016. Participation in the study was anonymous 
and voluntary. 

Nutritional questionnaire 

The nutritional questionnaire was prepared on the basis 
of a dietary habits questionnaire (DHQ) developed and 
validated at the Department of Food Science and Diete-
tics of Wroclaw Medical University [25]. It consists of 
32 questions, including general ones about gender, age, 
height, weight and smoking habits, and detailed ones 
(27 questions) relating to the amount of food consumed, 
which was used to estimate daily intakes of ACR and 
SN (V) and (III) on the basis of the “Album of photo-
graphs of food products and dishes” published by the 
National Food and Nutrition Institute in Warsaw, con-
taining photos of various standard portions (correspon-
ding to weights of the individual products) of different 
dishes [26,27]. Furthermore, the questionnaire included 
questions about the means of food preparation because 
this might affect the total amount of the examined nitro-
gen-containing compounds in food. 

Daily intake calculation 

Based on the results of the nutritional questionnaire and 
the literature data for the Polish population, the daily 
intake of acrylamide (DIA) and daily intake of sodium 
nitrates (V) and (III) (DIN) from the diet were calcu-
lated [28,29,30,31]. The DIA and DIN per kg of body 
weight of the examined young people [µg/kg bw/day] 
was calculated using the following equations: DIA = 
ACR x W x R/M, and DIN = SN x W x R/M, respec-
tively, where: ACR = average content of acrylamide 
in the products indicated by the respondents [µg/kg of 
product], SN = average content of sodium nitrates (V) 

A. Rorbach-Dolata et al.: ACRYLAMIDE AND NITRATES AFFECT ANTIOXIDANT STATUS
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Table I. Results of nutritional questionnaire: daily intake of acrylamide (DIA) and sodium nitrate (V) and (III) (DIN) of all participants, and separately for men 
and women (µg/kg bw/day)
Tabela I. Wyniki ankiety żywieniowej: dzienne spożycie akrylamidu (DIA) oraz azotanów (V) i (III) sodu (DIN) w całej grupie badanej oraz z podziałem na płeć 
(µg/kg mc/dobę)

Parameter
Total 

(n = 62)
Women (W) 

(n = 40)
Men (M) 
(n = 22)

DIA

Mean ± Stand. deviation 1.069 ± 1.038 1.163 ± 1.047 0.647 ± 0.301

Median 
1Q–3Q

0.692 
0.429–1.140 

1.123  
0.429–1.209

0.647 
0.482–0.683 

Statistical significance  M vs W p = 0.3247

DIN

Mean ± Stand. deviation 0.625 ± 0.107 0.664 ± 1.145 0.451 ± 0.595

Median 
1Q–3Q

0.242 
0.136–0.680

0.264 
0.136–0.681

0.216 
0.188–0.363

Statistical significance  M vs W p = 0.7427

Some differences in the amount of ACR and SN (III) 
and (V) consumed with food by each sex were obser- 
ved. Generally the DIA and DIN values for women 
were higher compared to those in men (about 44% and 
32%, respectively), but without statistical significance. 
In the assessment of exposure to ACR derived from 
food, ACR contained in tobacco smoke was also taken 
into account, however, only 14% of respondents repor-
ted a smoking habit. There were no significant differ-
ences in the values of DIA and DIN between the smo-
kers and non-smokers, which is probably associated 
with the relatively short period of cigarette smoking re-
ported by the respondents; therefore this exposure was 
not included in further analysis of the obtained results.
The percentage of participation of food products con-
taining ACR and SN (V) and (III) in the daily diet 
(based on the results of the nutritional questionnaire) is 
shown in Figure 1.
The analysis of the percentage of ACR intake in daily 
consumption as indicated by the respondents demon-
strated that the largest contribution to the supply of 
ACR was made by French fries (about 30%). The second 
major sources were crackers and biscuits, followed by 
chips and gingerbread (Figure 1A). The most important 
source of consumed SN (V) and (III) in the participants’ 
diet was beetroot and lettuce, which accounted for 35% 
and 33%, respectively (Figure 1B). 
The results of measurements of SH group concentra-
tions in blood plasma collected in the fasting state (time 
t0) from the participants (in vivo model) as well as after 
a 1-hour incubation (time t1) with appropriate concen-
trations of ACR and SN (III), together with statistical 
analysis, are given in Table II.

The one hour incubation (time t1) of blood plasma with 
appropriate concentrations of ACR and SN (III) showed 
that both xenobiotics induced a significant decrease  
(p < 0.05 and p < 0.001, respectively) in the concentra-
tions of SH groups, compared to their initial concen-
tration (time t0). Sodium nitrate (III) triggers a minor 
decrease in the concentration of SH groups, compared 
to that induced by ACR, about 14% and 57%, respec-
tively. The difference in the reduction of SH groups 
by ACR and SN was also statistically significant  
(p < 0.001). The calculation of the obtained results per 
gram of total protein (average concentration of protein 
in the whole group was 51.52 g/L) did not alter the 
statistical significance of the observed differences. In 
Figure 2, the tendency of SH groups to reduction, as 
measured in the blood plasma in an ex vivo model (time 
t1) relative to their native concentration (in vivo model 
– time t0) and expressed as a percentage of reduction of 
SH groups, is shown graphically.
When estimating the correlation between the concen-
tration of SH groups (expressed as per gram of the total 
protein) measured in the blood plasma of the same pa-
tients in in vivo and in the ex vivo models, we revealed 
a statistically significant (p < 0.005), positive, high 
correlation, between the analyzed variables: SH t0 vs  
SH ACR t1 (r = 0.4714), SH t0 vs SH SN t1 (r = 0.7019) 
and SH ACR t1 vs SH SN t1 (r = 0.7038). However, 
analysis of the correlation between the concentration 
of SH groups measured in the samples of native blood 
plasma collected from the participants (t0) and the  
DIA and DIN by the surveyed students did not show  
a simple, direct, statistically significant relationship be-
tween these variables (data not shown).
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Fig. 1. Sources of acrylamide (A) and sodium nitrate (V) and (III) (B) in daily diet as percentage calculated on basis of nutritional questionnaire. 
Ryc. 1. Procentowy udział pokarmowych źródeł akrylamidu (A) oraz azotanów (V) i (III) sodu (B) obliczony na podstawie ankiety żywieniowej.

Table II. Concentration of thiol groups under in vivo (t0) conditions and after incubation with acrylamide and sodium nitrate (III) in t1 (ex vivo model)
Tabela II. Stężenie grup tiolowych w warunkach in vivo (t0) i po inkubacji z akrylamidem oraz azotanem (III) sodu w czasie t1 (model ex vivo)

Parameter

in vivo model ex vivo model

SH t0 SH ACR t1 SH SN t1

Concentration units [mmol/L]

Mean ± Stand. deviation 0.506 ± 0.210 0.242 ± 0.046 0.438 ± 0.048

Median  
1Q–3Q

0.565 
0.514–0.611 

0.212 
0.181–0.239 

0.432  
0.409–0.465

Statistical significance compared SH ACR t1 and SH SN t1 to SH t0 p < 0.001 p = 0.0213

Statistical significance between SH ACR t1 and SH SN t1 p < 0.001

Concentration units [µmol/g protein]

Mean ± Stand. deviation 13.351 ± 5.161 5.662 ± 3.949 10.024 ± 1.899

Median 
1Q–3Q

12.889 
11.121–14.747

4.741 
3.865–5.678

9.733 
8.953–10.748

Statistical significance compared SH ACR t1 and SH SN t1 to SH t0 p < 0.001 p = 0.0269

Statistical significance between SH ACR t1 and SH SN t1 p < 0.001

SH t0 – concentration of thiol groups in fasting blood plasma; SH ACR t1 – concentration of thiol groups after an hour of incubation with solution of acrylamide; 
SH SN t1 – concentration of thiol groups after an hour of incubation with solution of sodium nitrate (III).

 A 

 B 
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Fig. 2. Comparison of percentage of reductions in thiol (SH) group concentrations after incubation with solutions of acrylamide (ACR) and sodium nitrate (SN) 
(III) at time t1 in relation to time t0.
Ryc. 2. Procentowy spadek stężenia grup tiolowych (SH) po inkubacji z akrylamidem (ACR) oraz azotanem (III) sodu (SN).

DISCUSSION

The adverse effect of exposure to nitrogen-containing 
compounds such as ACR and SN is well known [16,19], 
but not in the aspect of their influence on SH group con-
centrations, which may result in loss of the antioxidant 
properties of blood plasma. The thiol groups play an 
important role in maintaining homeostasis, acting as an 
important element of the antioxidant defense of organ-
isms, being components of low molecular weight anti-
oxidants (e.g. glutathione, cysteine, homocysteine), as 
well as high molecular weight antioxidants (e.g. blood 
albumin). The measurement of SH concentrations is 
also used in scientific research to evaluate the oxidative 
damage of proteins in a variety of pathological condi-
tions [34,35]. 
Both ACR and SN (V) and (III) are present in many 
food products, and the thermal processing of food in-
creases the content of these compounds [20,24,36].  
Although SN (V) and (III) are used in the food industry 
as preservatives (antioxidants), represented by the sym-
bols E251 and E250, respectively [37], their contribu-
tion to the intensification of OS is also indicated [38]. 
Acrylamide may form adducts with biological com-
pounds containing SH groups, especially with proteins, 
e.g. hemoglobin, or glutathione [39,40]. In this aspect, 
the measurement of concentrations of the SH group as  
a marker reflecting the loss of plasma antioxidant prop-
erties resulting from exposure to selected xenobiotics  
is highly reasonable and interesting. 

We observed that the daily intake of ACR and SN (V) 
and (III) by the respondents, as estimated by the nutri-
tional questionnaire, does not exceed the range of accep- 
table values for these compounds. To date there is still 
no acceptable daily intake for ACR [41], however, the 
average DIA did not exceed the values accepted for 
ACR, which is the benchmark dose lower confidence 
limit (BMDL10) of 0.17 mg/kg bw/day for carcinoge- 
nesis and 0.43 mg/kg bw/day for neurotoxicity, as 
determined by the European Food Safety Authority 
(EFSA) [42]. The DIN values do not exceed the estab-
lished acceptable daily intake of SN (V) (5.07 mg/kg 
bw/day) or SN (III) (0.1 mg/kg bw/day) [38]. A greater 
amount of these nitrogen-containing compounds in the 
daily diet was consumed by women, which suggests 
slightly different dietary habits or different sources of 
these xenobiotics for this group. The DIA and/or DIN 
values we estimated for the examined young people 
were higher, or similar to the values specified for other 
populations [38,42,43]. Malczyk et al. [44] estimated 
the average DIA as 0.49 mg/kg bw/day for students of 
secondary schools in Nysa, Poland, aged 15–19 years. 
Other researchers in European populations (Germans, 
Danes and Swedes as well as Poles) in different age 
groups (from 25 to 78 years old), reported these values 
as 0.48–4.93 mg/kg bw/day [22,30,43,45]. 
In the studied group of young people, the plasma con-
centrations of SH groups in native conditions (t0) were 
mostly (almost 86%) within the ranges indicated in 
the scientific literature, i.e. 0.46–0.78 mmol/L [46,47].  
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Although a decline below this range was observed in 
only 14% of the respondents, this suggests that the  
impact of these nitrogen-containing compounds on the 
blood plasma antioxidant potential is not neutral and 
cannot be ignored. It is necessary to continue this re-
search on a larger population due to the adverse effect 
of xenobiotics and their intake in the daily diet. Inte- 
restingly, the smoking habits of the respondents did not 
affect the concentration of SH groups, probably due 
to the occasional, short periods of cigarette smoking  
declared by the respondents. 
The adverse effects of ACR and SN (III) on the SH 
groups were confirmed in the ex vivo model, where  
1 hour of exposure of plasma to these xenobiotics caused 
a significant decrease in SH groups in plasma. This in-
cubation time was selected due to the biotransforma-
tion of the examined compounds and their relatively 
short presence in the organism [48,49,50]. The time-
-dependent reduction of plasma antioxidant potential is 
also confirmed by the significant correlation between 
the SH concentration under in vivo (t0) and ex vivo (t1) 
conditions. In the scientific literature there is a lack of 
data focusing on SH concentrations with regard to the 
influence of nitrogen-containing compounds derived 
from food. Both ACR and SN (V) and (III) are reactive 
compounds, which can induce and/or intensify OS by 
the formation of reactive forms of oxygen and nitrogen, 
which are strong electrophiles and react readily with 
the SH groups of biological compounds in plasma. We 
demonstrated stronger adverse effects induced by ACR 
on the SH groups, which may result from the presence 
of multiple binding with electrophilic properties in the 
ACR molecule, which determines its greater reactivity 
with SH groups of proteins [51,52]. The increase in in-
tensity of OS in the presence of ACR is also associated 
with an increase in the reactive oxygen species, and  
a decrease in the activity of superoxide dismutase and 
the concentration of reduced glutathione [20,53]. On 
the other hand, it is reported that nitrates may also have 
a positive influence on human health as a source of ni-
tric oxide, which is beneficial for maintaining endothe-
lial functions, and performs a useful protective role in 
the prevention of cardiovascular diseases [54,55].
The negative effects of ACR and SN (V) and (III) on 
total plasma thiols, resulting in inactivation and reduc-
tion of SH group levels, is very disadvantageous for 
the organism. The oxidation of SH groups disturbs, 
among others, the permeability and transport through 
cell membranes, their stability, and changes in protein 
structure. In our previous studies using circular di- 

chroism, we showed that ACR and SN (III) signifi- 
cantly influence the secondary structure of albumin, 
significantly reducing the alpha-helical content [56]. 
Furthermore, it can lead to the formation of protein 
aggregates via disulfide bridges (inside and between 
proteins). The formed disulfides are more reactive, and 
may trigger secondary damage through interacting with 
other macromolecules. Moreover, the modified proteins 
are more resistant to proteolysis, which consequently 
leads to an increase in their accumulation in the organ-
ism, and the further propagation of systemic disorders 
[1,57,58]. 

CONCLUSION

Although the estimated values of DIA and DIN in the 
study group of healthy young people did not exceed 
the permissible values of intake for these compounds 
described in the literature, the obtained results indicate 
that consumers should pay special attention to the quan-
tity and frequency of consumption of foods rich in ACR 
and SN (V) and (III). The presented preliminary results, 
in both the in vivo and ex vivo models, confirm the 
adverse effect of these xenobiotics through the loss of 
antioxidant capacity by diminishing the concentrations 
of SH groups, especially as a result of ACR action. The 
obtained results indicate the potential usefulness of SH 
group measurements in blood plasma as indicators of 
exposure to these nitrogen-containing compounds, but 
due to their preliminary character, further analysis on 
larger groups of participants is needed. It will be helpful 
in introducing appropriate preventive actions regarding 
intakes of ACR and SN (V) and (III) in the diet, espe- 
cially in certain social groups, with specific dietary ha- 
bits and lifestyles, such as students.
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