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Free radical oxidation and antioxidant protection system has been examined for decades. However, experts still have-

n't been able to determine cause-and-effect relations between oxidative stress, age, working conditions, and a risk of func-
tional and organic disorders that can develop in a human body. 

Our research goal was to detect peculiarities related to age dynamics of integral parameters that describe oxidative 
stress and total antioxidant capacity of blood serum; to assess their changes depending on impacts exerted by adverse occu-
pational factors on a worker's body. 

244 people aged from 18 to 65 were under observation; they all had physical loads at their workplaces and contacted 
adverse chemicals. These people underwent regular medical check-ups at a consultancy polyclinic of the Rospotrebnadzor's 
Nizhniy Novgorod Scientific Research Institute for Hygiene and Occupational Pathology. 

The first stage in the research involved mass screening aimed at detecting parameters related to oxidative stress and 
total antioxidant capacity of blood serum in all the examined people. At the second stage in research we analyzed levels of 
oxidative stress and total antioxidant capacity of blood serum taking into account age of an examined person and impacts 
exerted by adverse occupational factors (n = 174). 

Integral parameters of oxidative stress and total antioxidant capacity of blood serum were determined with a calo-
rimetric biochemical microplate procedure. 

We detected that oxidative stress grew with age and antioxidant protection dropped. It was shown that adverse 
chemical factors exerted more apparent impacts on oxidative stress and antioxidant capacity of blood serum on people 
from the same age group than physical loads. We determined integral parameters of oxidative stress and antioxidant ca-
pacity of blood serum in people from various age groups and limits of their age-dependent changes. These parameters 
can serve as informative tests for monitoring over health, assessing gravity of a disease, its forecast, treatment efficiency, 
and preventive activities. 
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For many years, researchers have been 

focusing on free radical oxidation processes. 
Multiple research results prove there is a tight 
correlation between oxidative stress (OS) and 
anti-oxidant protection and various diseases, 
functional disorders, and psycho-emotional 
state of a body [1–4]. Adverse occupational 

factors (physical, chemical, and psychophysi-
ological ones) also make for disorders in bal-
anced functioning of oxidant and anti-oxidant 
systems [5, 6]. Latest research confirms a hy-
pothesis that OS makes a significant contribu-
tion into pathogenesis of ageing. Free radical 
or "oxidation theory of ageing" states that a 
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body grows old due to products damaged by 
free radicals. These products accumulate in 
body cells with time [7, 8]. As a body grows 
older, metabolic disorders occur in it, it be-
comes more susceptible to various diseases, 
and a person suffers from more and more 
chronic diseases. It all leads to a decrease in 
anti-oxidant protection processes and to free 
radicals growth in a body [9]. Excessive free 
radicals accumulation in middle-aged and 
elderly people is unquestionable. But free 
radicals occurrence in younger people and 
subsequent age dynamics require explanation 
as there are certain related issues here: 
whether excessive free radicals always exert 
negative impacts on a body; how apparent 
OS is in practically healthy people; whether 
OS intensity in a specific individual is con-
stant or it can change depending on a per-
son's age, working conditions, or effects 
produced by various adverse occupational 
factors. When experts analyze risks of health 
disorders for people who have to work in ad-
verse working conditions, they often face a 
question: can OS parameters serve as bio-
markers of an effect produced by adverse 
occupational factors on a body resulting in 
functional and organic disorders? Similar 
issues arise as regards body antioxidant sys-
tem. Over recent years, some research has 
been performed proving that free radicals, 
being signal molecules, perform significant 
regulatory functions in a body, and excess 
antioxidants that eliminate them can lead to a 
so called "antioxidant" stress [10–12].  

Our research goal was to reveal pecu-
liarities related to age dynamics of integral 
oxidative stress parameters and total anti-
oxidant capacity of blood serum, and to as-
sess their changes depending on impacts 
exerted by adverse occupational factors on a 
worker's body. 

Data and methods. We examined 244 
people who underwent a regular medical 
check-up at the consultancy polyclinic of 
Rospotrebnadzor's Nizhniy Novgorod Scien-
tific Research Institute for Hygiene and Oc-
cupational Pathology. All the participants 

gave their voluntary informed consent to be 
examined and the examination results being 
published. The performed research didn't in-
fringe on the examined people's rights and 
didn't endanger their well-being in accor-
dance with the biological and medical ethics 
requirements fixed in the Helsinki Declaration 
of the World Medical Association (2000) and 
the Order by RF Public Healthcare Ministry 
No. 266 (dated June 19, 2003). We excluded 
people with chronic diseases in their acute 
state, as well as with inflammatory and on-
cologic diseases from our research. 

The first stage in the research involved 
mass screening of parameters related to 
oxidative stress (OS) and total antioxidant 
capacity (AOC) of blood serum in all the 
examined people. Occupation and impacts 
exerted by occupational factors were not 
taken into account at this stage in the re-
search. Having analyzed all the obtained 
results, we divided all the examined people 
into four age groups; the 1st group (n+78) 
included young people aged 18–20 
(19.1±1.5); the 2nd group (n = 84), young 
people aged 21-35 (26.5±7.5); the 3rd group 
(n = 67), middle-aged people aged 36–59 
(46.6±9.5); the 4th group (n = 15), elderly 
people aged 60 an older (56.2±5.1).  

At the second stage in the research we 
analyzed OS and AOC taking into account 
age of an examined person and impacts ex-
erted by adverse occupational factors 
(n = 174). Depending on impacts exerted by 
an adverse occupational factor, all the exam-
ined people were divided into five groups; 
the 1st (n = 33, aged 18–20) and the 2nd 
(n = 34, aged 21–35) groups were made up 
of students attending higher educational es-
tablishments and doing cyclic sports; the 3rd 
group (n = 52, aged 21–35) were workers 
employed at a metallurgic plant that manu-
factured pipes; the 4th group  (n = 29, aged 
36–65) included workers employed at a met-
allurgic plant and by a water supply organi-
zation; the 5th group  (n = 26, aged 36–65) 
were workers employed at chemical and bac-
teriological laboratories. We considered the 
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following adverse factors in our research: 
physical overloads (the 1st, 2nd, and 4th 
groups) and chemical factors (exposure to 
formaldehyde, metals aerosols, acrylic 
polymers, phenol, acids, metals, chlorine, 
and disinfectants) (the 3rd and 5th groups). 
Working places and occupational factors 
were assessed and working conditions cate-
gories were established by in-house labora-
tories of a metallurgic plant and water sup-
ply organization according to the Federal 
Law FZ-426 issued on December 28, 2013 
«On specialized assessment of working con-
ditions». According to the above-mentioned 
assessment, chemicals factors at working 
places didn't exceed MPC. We assessed 
physical overloads for students who did cy-
clic sports as per their heart rate [13].  

We determined integral parameters of 
OS and total AOC with reagent kits «PerOx 
(TOS/TOC) Kit» and «ImAnOx (TAS/TAC) 
Kit» manufactured by «Immundiagnostik» 
(Germany). OS was estimated as per perox-
ides occurrence in blood serum and was 
given in µmol/l of peroxide that was present 
in a sample. To assess OS intensity in blood 
serum, we applied values recommended by 
reagent kits manufacturers; a value lower 
than 180 µmol/l meant OS was low; 180–310 
µmol/l, average OS: more than 310 µmol/l, 

high OS. AOC was given in µmol of exoge-
nous peroxides decayed by antioxidants per 1 
liter of blood serum. To assess AOC, we ap-
plied values recommended by reagent kits 
manufacturers; a value lower than 280 µmol/l 
meant AOC was low; 280–320 µmol/l, aver-
age AOC; more than 320 µmol/l, high AOC. 
Blood was taken from the median cubical vein, 
and all the samples were treated immedi-
ately; blood serum was obtained with con-
ventional techniques and stored at minus 
80°C until it was analyzed. 

We processed the results statistically 
with «АtteStat» software package. We ap-
plied non-parametric statistics methods for 
parameters with their distribution deviating 
from the standards one. The data were given 
as median, 25%- and 75%-quartiles (Med ± 
IQR (25%-75%)). Validity of discrepancies 
between groups was calculated with Mann-
Whitney test. If parameters distribution was 
standard, the data were given as simple mean 
(М) ± standard deviation (σ), and validity was 
assessed with Student's test. Critical signifi-
cance of the results was fixed at р < 0.05. 

Results and discussion. We analyzed 
results of screening examinations and re-
vealed that OS and AOC in the examined 
people were age-dependent. The data are 
given in the Table 1. 

T a b l e  1  
Os and AOC levels frequency and their quantitative characteristics in people from 

different age groups 
Age groups 

1 2 3 4 Parameters 
18–20 (n = 78) 21–35 (n = 84) 36–59 (n = 67) 60 and older (n = 15)

OS and AOC levels OS % / AOC % 
Low 60.2 / 10.3 34.5 / 10.7 28.4 / 35.2 20.0 / 40.0 
Average 24.4 / 41.0 25.0 / 31.1 17.9 / 47.8 26.7 / 46.7 
High 15.4 / 48.7 40.5 / 58.2 53.7 / 17.0 53.3 / 13.3 
Med ± IQR (25%–75%) OS (µmol/l) / AOC (µmol/l) 
Med 176.2 / 320.2 289.0 / 348.5 355.7 / 290.9 394.1 / 280.0 
25% 114.9 / 298.8 131.5 / 293.8 178.0 / 274.4 225.5 / 260.2 
75% 275.8 / 342.0 403.0 / 368.9 600.0 / 304.8 630.9 / 300.0 

p р1,2=0.006; р2,3=0.009; р1,3=0.00036; р3,4=0.331. 
р*1,2=0.213; р*2,3=0.00015; р*1,3=0.00022; р*3,4=0.072; р*2,4=0.003; р*1,4=0.001. 

Note: р is validity of discrepancies in Med (µmol/l) OS between different age groups; 
 р* is validity of discrepancies in Med (µmol/l) AOC between different age groups. 
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T a b l e  2  
OS and AOC levels frequency their quantitative characteristics in people from different age 

groups who are exposed to adverse occupational factors 
Age / Groups / Occupational factors 

18–20 21–35 36–65 
1 2 3 4 5 Parameters Physical  

overloads 
n = 33 

Physical  
overloads 

n = 34 

Chemical  
factor 
n = 52 

Physical  
overloads 

n = 29 

Chemical  
factor 
n = 26 

OS and AOC levels OS % / AOS % 
Low 78.8 / 9.1 50.0/5.9 28.8/5.8 31.0/27.5 7.7/42.3 
Average 15.2 / 24.2 11.8 / 20.6 21.2/11.5 41.4/48.3 15.4/42.3 
High 6.0 / 66.7 38.2/73.5 50.0/82.7 27.6/24.2 76.9/15.4 
Med ± IQR (25–75%) OS (µmol/l) / AOC (µmol/l) 

Med 107.8/341.0 200.8/336.7 360.0/360.0 252.0 / 294.3 540.0 / 283.7
25% 56.4/320.0 97.9/319.6 192.3/327.0 107.2/277.9 414.1/248.7 
75% 138.0/385.0 321.8/347.9 412.0/360.0 310.0 / 317.1 733.3/302.7 

р р1,2=0.0006; р2,3=0.009; р2,4=0.001; р4,5=0.0009. 
р*1,2=0.382; р*2,3=0.351; р*2,4=0.033; р*4,5=0.034. 

Note: р is validity of discrepancies in Med (µmol/l) OS between different age groups and occupational factors; 
 р* is validity of discrepancies in Med (µmol/l) AOC between different age groups and occupational factors 
 
The obtained results show that perox-

ides formation intensified with age and it 
proved that OS grew. Changes to a greater 
extent were related to high and low OS. We 
should note that most younger people tended 
to have low OS as high OS was met 4 times 
less frequently among them. But a share of 
people with high OS started to grow among 
those aged 21 and older, by 25.1% in the 2nd 
group, and by 13.2% in the 3rd group against 
previous groups. A share of people with low 
OS in groups 2–4 decreased by 25.7%, 6.1% 
and 8.4% respectively. Peroxides contents in 
blood serum grew in people who were 
younger than 59 (р1,2=0.006; р2,3=0.009; 
р1,3=0.00036) and didn't change in the fol-
lowing years (р3,4=0.331). Average OS fre-
quency didn't depend on age and a share of 
people with average OS varied from 17.9 to 
26.7%.  

Changes in AOC were oppositely di-
rected. High and average AOC prevailed 
among young people and low AOC was de-
tected only in 10% people from this age 
group. Decayed peroxides contents in blood 
serum didn't differ authentically in the 1st 

and 2nd groups (р*1,2=0.213). Low and aver-
age AOC prevailed among people from the 
3rd and 4th groups and high AOC was de-
tected only in 13–17% of the examined peo-
ple from these groups. Decayed peroxides 
contents in blood serum didn't differ authen-
tically in these groups (р*3,4=0.072). AOC 
parameters in middle-aged and elderly peo-
ple were different from those detected in 
young people (р*2,3=0.00015; р*1,3=0.00022; 
р*2,4=0.003; р*1,4=0.001). Average AOC 
frequency didn't depend on age and varied 
from 31.1 to 47.8%.   

Table 2 contain s the results of changes 
in OS and AOC parameters in people from 
different age groups who are exposed to ad-
verse occupational factors. 

The obtained results show that impacts 
exerted by both physical overloads and 
chemical factors became greater with age 
and led to higher OS and lower AOC. People 
who were exposed to chemical factors had 
authentically higher OS than people from the 
same age group who had to face physical 
overloads. This discrepancy was the most 
apparent among people aged 36–65 (the 4th 
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and the 5th groups, р4,5=0.0009). Younger 
people (aged 18–20) who faced physical 
overloads at their workplaces had 2 times 
lower peroxides contents in their blood se-
rum than young people aged 21–35 (the 1st 
and the 2nd groups, р1,2=0.0006). Changes in 
AOC were less dependent on physical over-
loads and chemical factors among people 
from the 1st, 2nd, and 3rd groups as AOC 
remained stably high regardless of any occu-
pational factors. Discrepancies were detected 
among middle-aged and elderly people  
and chemical factors had greater adverse ef-
fects on AOC than physical overloads 
(р*4,5=0.034). Physical overloads at older 
age promoted more apparent decrease in 
AOC against parameters detected among 
young people (р*2,4=0.033). 

Our research revealed that peroxides 
contents in blood serum increased and total 
AOC went down with age. It indicated that 
OS grew and antioxidant protection de-
creased. We detected age-related dynamics 
of integral OS and AOC parameters and de-
termined their values for each age group. 
Low OS and high / average AOC prevailed 
among younger people. Negative changes in 
OS and AOC grew in people older than 20, 
the trend continued up to age of 59 and then 
the parameters remained stable in most of 
the examined people. The obtained results on 
increased OS in elderly people are consistent 
with literature. Thus, Edrey and Salmon 
think than ageing involves a decrease in 
adaptive mechanisms, antioxidant and de-
toxification reserves of a body that are able 
to resist high OS [14]. Even if an elderly 
person consumes antioxidant micronutrients, 
it often doesn't produce any positive effects 
[15]. Excess peroxides quantities were re-
vealed even in practically healthy people 
aged 18–20 and 21–35. Peroxides contents in 
blood serum varied from 436.2 to 733.7 µmol/l 
and AOC was high, from 350.0 to 386.5 µmol/l. 
In this case an increase in OS can have a 
positive regulatory effect aimed at activating 
antioxidant protection processes. Some re-
searchers showed that lipid peroxidation 

products caused an adaptive response and 
increased tolerance to future oxidative stress 
thus enhancing protective capacities of a 
body [16, 17]. A share of people with in-
creased OS parameters went up among peo-
ple from older age groups. Some researchers 
believe that disorders in the system of free 
radical oxidation and antioxidant protection 
are a significant pathogenetic component in 
development of various pathologies and 
these parameters can be a risk factor that 
causes this development. Therefore young 
people should have regular medical check-
ups aimed at determining free radicals occur-
rence and antioxidant protection parameters. 
Should there be any negative changes, 
a person has to undergo a more profound 
medical examination, pay greater attention to 
his or her work and rest regime and nutri-
tion. Should there be any persistent disorders 
in antioxidant protection, a physician might 
prescribe medications or biologically active 
food additives in order to increase resistance 
to OS and enhance antioxidant protection of 
a body.  

Our research revealed different changes 
in OS depending on exposure to an adverse 
factor in different age groups. Physical over-
loads tend to have greater adverse effects on 
free radical oxidation system with age. 
Young people aged 18–20 and 21–36 are 
more resistant to oxidative stress under 
physical overloads. High AOC prevailed 
among people from these age groups. Our 
research results indicate that within the same 
age group OS is more apparent in people 
who are exposed to chemical factors than in 
those who have to face physical overloads at 
their workplace. Obviously it is due to a 
body getting gradually adapted to physical 
loads. Similar adaptation to a chemical factor 
never occurs. Constant exposure to chemi-
cals, even if their concentrations in a work-
ing area don't exceed MPC, exerts negative 
impacts on metabolism, organs, and systems 
in a body. Workers employed at a metallur-
gic plant and those who deal with water sup-
ply and treatment are exposed to chemical 
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factors that can cause OS and damage anti-
oxidant protection of a body. Experimental 
toxicological research revealed that multiple 
chemical environmental factors (nitrogen 
oxide, sulfur dioxide, formaldehyde, ciga-
rette smoke etc.) can cause free radicals for-
mation and it results in OS and damage to 
DNA, proteins, and lipids, mutagenicity and 
anti-inflammation factors stimulation [18, 
19]. Besides, ecological contaminants in the 
environment can act at the molecular level 
and damage any molecules (for example, 
polyunsaturated fat acids, glutathione, anti-
oxidant enzymes, and some aminoacids) and 
it can lead to a decrease in antioxidant pro-
tection against free radicals [20]. When wa-
ter is chlorinated, hypochlorous acid occurs 
in the process; this substance is highly reac-
tive and causes singlet oxygen formation and 
greater OS. Redox metals (iron, copper, 
chrome, cobalt, and others) that occur in water 
can have negative effects on mitochondrial 
membranes, produce free radicals, cause OS 
and inhibit antioxidant protection [21].  

Conclusions. So, our research allowed 
to determine age-related dynamics of inte-
gral OS and AOC parameters and their val-

ues for each age group, to differentiate de-
pendence of changes in them on a type of an 
adverse occupational factor in different age 
groups. We can assume that colorimetric 
techniques for integral OS and AOC as-
sessment and gradation of their level that 
we applied in our work give a relevant pic-
ture of OS and AOC intensity depending on 
age and impacts exerted by adverse occupa-
tional factors. These parameters can be ap-
plied in practical healthcare as routine bio-
chemical tests aimed at assessing oxidation-
antioxidation system; we recommend to ap-
ply them for analyzing risks related to a 
worker's body being exposed to adverse oc-
cupational factors, both physical and 
chemical ones. They can also serve as in-
formative tests for monitoring over health, 
assessing gravity of a disease and forecast-
ing its course, as well as assessing treatment 
efficiency and preventive activities imple-
mentation. 
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