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uHWY, 10 BiaOymack 09 mororo 2023 poky Ha 6a3i HamioHanbHOT akagemii eAarorivHux HayK
VYxpaiau, M. Kuis. Opranizatop kondepenuii — /13 «HaykoBo-nipakTnaanii MeinyHul peadimita-
iHO-AlarHocTHYHU 1IeHTp MO3 Yipainmy.
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OXIDATIVE-ANTIOXIDANT IMBALANCE IN CHILDREN WITH INCREASING
BLOOD LEAD CONCENTRATION

Underground. Lead is a widely used metal found in many compounds and products
and which can give rise to life-threatening poisoning and long-term negative effects on health
[1]. Children are particularly vulnerable [1-4]. Exposure to lead results in pro-oxidant/antioxidant
imbalance and can act as an intermediate in the formation of an oxidative stress state [5-7].
The data regarding lead exposure and oxidative-antioxidant status in children are limited in
Ukraine [8].

The aim of the study was to examine the association between blood lead concentration
(BLC) and oxidative-antioxidant status in Ukrainian children.

Main results. Data from 50 children were included in the study. The age of the children
ranged from 7 to 15 years. The children underwent a rehabilitation course in the conditions
of a children’s sanatorium in Odesa and made up a random sample. The inclusion of children in
the study was carried out subject to the informed consent of the parents of the children after
providing detailed information on the procedure and purpose of the work.

Determination of lead was carried out in heparinized venous blood by the method of atomic
absorption spectrometry with electrothermal atomization. The activity of lipid peroxidation
(LPO) processes was estimated by accumulation of primary (diene conjugates — DC) and final
(malonic dialdehyde — MDA) products of lipoperoxidation in the blood. The state of the antioxidant
system (AOS) was evaluated by glutathione peroxidase (GPO) activity and by the content of
sulthydryl and thiol-disulfide groups of blood.

To determine the dependence of LPO-AOS indicators on the level of lead in the blood,
children were divided into 4 groups:

1) group with lead content up to 49 ng/l, n = 22; 2) group with lead level from 50 to 99 pg/l,
n = 11; 3) group with lead level from 100 to199 pg/l, n = 11; 4) group with lead level more than
200 pg/l, n = 6. The first group was a control.

It is known that not only the blood lead level can affect the studied indicators, but also age of
children, diseases they suffered, can affect. To establish homogeneity according to these factors
of the selected groups of children, the ¥* test was calculated. This method, which also called
«analysis of proportionsy, allows to provide statistically evenness or unevenness of the distribution
of certain features in groups. Rating y* calculations showed that the groups were homogeneous,
hence the differences in the oxidative-antioxidant status could be explained in this case only by a
different blood lead level.

The obtained data were subjected to statistical processing using the t-test. The degree of
reliability was calculated based on the values of M, m, and n.

Results are in table 1. The lowest values of pro-oxidant indicators were in the first group
of children with the lowest levels of lead in the blood, up to 49 ug/l.

In the group of children with a blood lead content of 50 to 99 ng/l, there were tendencies
to change the studied indicators compared with the indicators of the first group. Thus, the content
of diene conjugates had a pronounced tendency to increase by almost a quarter. The concentration
of sulfthydryl groups increased by 1.5 times, disulfide groups — by 1.8 times. Changes in the thiol-
disulfide system even reached a degree of certainty. In the same group, there was a tendency to
reduce the activity of the enzyme of antioxidant protection — GPO — by about 25%.
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Table 1

Indicators of the LPO-AQOS system in children of different groups, M+m

Indicators Groups of children
1 2 3 4

DC, umol/l 16.36=1.21 20.46x1.71 40.82+3.80* 48.83+3.07*
MDA, umol/l 134.50+8.81 144.46£11.92 | 191.73£13.11* | 212.334+25.72*
GPO, pumol/l/sec 14.90+0.77 11.84+1.75 10.81+0.93* 11.53+0.43*
SH-groups, pmol/l 0.60=0.07 0.93£0.15%* 0.91£0.13* 1.11+£0.31*
S-S-links, umol/l 0.20+0.03 0.36+0.09* 0.67+0.15* 0.81+0.36%*
SH/SS index 2.94 2.55 1.35 1.37

Note.* - The difference is significant (p<0.05) with the indicators of the first group.

In the groups of children with a lead content in the blood of more than 100 pg/l, there was
a significant difference from the first group of almost all indicators. The content of the initial
products of LPO (DC) increased in the third group by 2.5 times, in the fourth group — by 3 times.
The level of final lipoperoxidation products (MDA) was increased by 1.4 times in the third group
and by 1.6 times in the fourth group.

In parallel, the content of free sulfhydryl groups of blood proteins increased. In the third
group, it was 1.5 times more compared to the indicator of the first group, in the fourth group —
almost twice as much. The number of disulfide bonds was increased by 3 and 4 times, respectively.

Thus, with increasing accumulation of lead, DC values increased. Similarly, MDA values
also increased. In parallel, the indicators of the thiol-disulfide system of antioxidant protection
also increased. Obviously, it was to repair the balance prooxidants and antioxidants in children
organism.

But a compensatory increase in the indicators of AOS was revealed, presumably, is not
enough. Because the SH/SS ratio decreased while the LPO indicators increased, and the level of
lead increased.

This assumption was confirmed by antioxidant activity of enzyme glutathione-
peroxidase, which was decreased, despite for activation in the chain of prooxidants (see table 1).

Our study findings confirmed the previously established association of BLC with pro-
oxidant/antioxidant imbalance [5-7]. It is known that oxidative stress may be a primary mechanism
associated with toxicity of lead [7]. Most importantly, a high index of suspicion is needed since
there may be no symptoms or overt clinical signs in those with mild disease [9]. It is better at this
stage to break the chain of pathological changes than to wait until they are implemented in the
clinical picture. They can lead to brain disorders, resulting in reduced IQ, learning difficulties,
reduced attention span and some behavioural problems [10]. No wonder WHO recommends
starting clinical intervention for children < 10 years with BLC > 5 pg/dL, regardless of the presence
or absence of clinical manifestations of lead intoxication [1]. As a result, public health programs
have evolved to meet the challenge of eliminating lead exposures at lower levels [2]. The BLC
threshold (referred to as the ‘public health intervention concentration’) at which public health
action is recommended in the USA, Australia, France, England has also reduced to > 5 pg/dL [8].
Our research is consistent with these approaches. However, more studies are needed to clarify
the relationship between oxidative stress biomarkers and blood lead concentration in Ukrainian
children. Additionally, it seems appropriate to study the passivity of strengthening the antioxidant
protection system in the rehabilitation of such children. To do this, the WHO recommendations for
clinical intervention using nutritional supplementation [1] will be considered.

227



Conclusions and perspectives:

1. When the BLC of children was increased, the activity of LPO also was increased.

2. Stabilization of redox balance in children with lead levels above the control occurred no
longer at a minimum level, as in control, but at a higher level.

3. It leaded to a certain exhaustion antioxidant reserve of the body. In the future, this can be
realized by the development of clinical manifestations of chronic lead intoxication.

4. In the rehabilitation of children with environmental lead lesions, a pathogenetically
justified approach would be the correction of oxidative-antioxidant status.
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