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The search for effective and safe remedies to reduce the negative effects of lead on a child’s cognitive sphere is an urgent problem.

Aim — to analyze changes in psychological testing indicators in children with elevated blood lead level and the effect of spirulina on them.
Materials and methods. A total of 33 children aged 7 to 15 years were examined. The children were divided into 2 groups depending
on the lead level in their blood: up to and including 49 ug/! (control group) and from 50 ug/I or more (main group). Statistical processing of the
results was carried out by the method of variation series using the Student's t-test, and analysis of variance was carried out using the F-criterion.
Results. In children with elevated blood lead level, there was a significant increase in cognitive impairment (memory and attention) compared
to control scores. According to WHO recommendations, nutritional intervention was selected to correct the identified changes. For this purpose,
children of the main group received a course of spirulina according to the following scheme: 0.5 g twice a day for 10 days, then 1 g twice a
day for 20 days. As a result, the level of lead in the blood of children in this group decreased: (62.64+5.73) ug/l, compared to the initial value
(75.55%1.99) ug/I. Cognitive indicators also improved: the number of correctly reproduced images significantly increased and the time to switch
attention decreased, compared to the indicators before taking microalgal drugs.

Conclusions. Spirulina has a neuroprotective effect in children with chronic lead intoxication. The analysis of variance confirmed this conclu-
sion: the score on the number of correctly reproduced images according to criterion F was 4.58. The effect on the time of switching attention
according to criterion F was 8.58.

The research was carried out in accordance with the principles of the Declaration of Helsinki. The research protocol was approved
by the Local Ethics Committee of the participating institution. The informed consent of the patient was obtained for conducting the studies.

No conflict of interests was declared by the authors.
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McuxotectyBaHHS B AiTemn i3 nigBULL,EHUM PiIiBHEM CBMHLIO Y KPOBI: BMJIUB CripyniHn
H. I. THipgal, H. I". Jlotnw, . B. YceHko!, I. M. THigow2, B. H. Kykywkin?

100eCbkNn HaLoHaNBHWI MeamuyHniA yHiBepcuteT, Opeca, YkpaiHa

2MixHapoaHWii rymaHiTapHinii yHisepcuteT, Oaeca, Ykpaina

Mowyk edekTnBHIX | 6e3neyHnx 3ac06iB 419 3MEHLLEHHS HACIAKIB HEraTVBHOMO BMJIMBY CBMHLIO HA KOTHITMBHY COEPY OUTUIHM € aKTyallbHOI
npo6nemMoio.

MeTta — npoaHaniayBatu 3miHV NOKa3HKKIB NCYXOTECTYBAHHA B AiTEN i3 NiABULLEHUM DIBHEM CBUHLIO Y KPOBI | BMNMB HA HWUX Npenaparty
CripyAiHW.

Martepianu i meToaun. O6ctexeHo 33 autvHK Bikom BiA, 7 Ao 15 pokis. [itern 6yno nogineHo Ha 2 rpyni 3anNexXHO Bif, PIBHSA CBUHLIO B iXHil
KPOBI: 00 49 MK/ BKNIOYHO (KOHTPObHA rpyna) i Bin, 50 Mkr/n i 6inblue (0cHOBHa rpyna). CtatmctnyHy 06p00OKy peadynsrariB NPOBOANAN Me-
TOLAOM BapiauiiHux PAAIB 3 BUKOPUCTaHHSAM t-kpuTtepilo CTeloaeHTa, a AMCNepcCinHmin aHania — 3a F-kputepiem.

Pesynbratu. Y fiteil i3 niasMLLEHM PIBHEM CBMHLIO Y KPOBI BCTAHOBIEHO A0CTEMEHHE 30iNbLLEHHS KOTHITUBHYMX PO3NaaiB (Nam'aTi Ta ysBa-
r1) NOPIBHAHO 3 NOKasHKKaMu KOHTPOSMO. 3rigHo 3 pekomergauigsmn BOOS, ansg KopekLuii BUSIBAEHVIX 3MiH BUOPaHO HYTPUTUBHE BTPYYAHHS.
3 L€I0 METOIO AiTV OCHOBHOI FpYNi OTPUMAaM KypC CnipyniHm 3a cxemoto: no 0,5 1 2 pasu Ha AeHb npotarom 10 Oi6, Hagani no 1 2 pasu Ha
neHb npotsarom 20 Aib. YHacniaok Uupboro piBeHb CBUHLIO Y KPOBI AiTeit ujel rpynu 3H13nBca: (62,64+5,73) MKr/n, NOPIBHAHO 3 NOYaTKOBMM
3Ha4eHHaM (75,55%1,99) mkr/n. MNMokpalmnmncs NoKasHMKK KOrHITMBHOI cdepu: A0CTEMEHHO 36inblUnNachk KinbKiCTe NPaBUAbHO BIATBOPEHMX
06pasiB Ta 3MEHLUMBCS Yac NEePEKIIOHEHHS yBaru, NOPIBHAHO 3 NOKA3HMKaMu 00 NPUMOMY Npenapary 3 MikpOBOAOPOCTEN.

BucHoBkU. Cnipy/iHa Mae HerponpoTEKTVBHY Ajto Nif, Jac ii 3acToCyBaHHA B AiTel i3 XDOHIYHOIO CBUHLEBOIO IHTOKCKKauieto. JcnepcinHiia
aHania nNiaTBepaArB LIen BUCHOBOK: OLiHKa 3a KpuTepiem F aji Ha KinbkicTb NpaBuibHO BiATBOPEeHWXx obpasis ctaHosuna 4,58, p<0,05. Bnane
Ha Yac nepeknioYeHHd yBarv 3a kputepiem F 6yB 8,58.

JlocniaxeHHs BMKOHaHO BIAMNOBIAHO [0 NPUHUMNIB [enbCiHCbKO Jeknapalli. [MpoTokon AOCNIAXEHHA yxBaneHo JIoKanbHM eTUYHUM KOMITE-
TOM yCTaHOBW. Ha NpoBeAeHHS AOCNIAXEHb OTPUMAHO IHPOPMOBaHy 3roy 6aTbKi, AiTen.

ABTOPYU 3asBASIOTb NPO BIACYTHICTb KOHMAIKTY IHTEPECIB.

Kniouogi cnoBa: OTpyeHHdA CBUHLIEM, [iTW, KOTHITUBHI PO3Naau, NCUXOTECTYBAHHA, CRIpyiHa.

Introduction

rmed conflicts and military activities are
associated with environmental pollution
caused by metals, particularly lead [10].
In Ukraine, this problem has become especially
urgent in the last two years. It is known that lead
is included in the list of 10 most dangerous chemi-
cals for children by the World Health Organization
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(WHO) [9]. Even in low doses, this heavy metal
can affect children's brain development and lead
to cognitive impairment [3,7]. Therefore, it is
necessary to find effective remedies to reduce the
consequences of such exposure. Numerous in vivo
studies have confirmed the potential of spirulina
for brain health [11]. Spirulina, a filamentous mi-
croalga, is used all over the world as a nutraceutical
dietary supplement. Recent studies have focused
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on examining its chelating activity and antioxidant
properties, especially as a candidate for protection
against neurotoxicity caused by heavy metals [8].
The aim of the study — to investigate changes
in psychological testing indicators when spirulina
was used in children with elevated blood lead level.

Materials and methods of the study

A total of 33 children from a random sample
aged 7 to 15 years were examined. According to
the lead level in the blood, the children were di-
vided into 2 groups: the Group 1 (control) —
up to 49 pg/l, n=22; the Group 2 (main) —
from 50 to 99 pg/l, n=11. According to the pecu-
liarities of the course of pregnancy and childbirth
in the mother, the age of the children, their sex,
diseases that the children suffered from, education
and social status of their parents, the groups were
balanced. The indicators at the beginning and end
of the observation were compared in each group.

Psychological testing was carried out using
several techniques recommended by the Ukrainian
Scientific and Methodological Center for Practi-
cal Psychology and Social Work [5], as previously
described [3].

4 groups of tests were used: to study memory
(short-term and long-term); to study attention;
to study the peculiarities of the thinking process;
and to study personality traits. Short-term me-
mory studies were carried out by recognizing shapes
and memorizing numbers and images. The assess-
ment of the level of number recognition was carried
out by deviation from the optimal value (1 unit)
and expressed in points: 0 points — no deviation;
1 point — deviation up to 0.5 units; 2 points —
deviation from 0.51 to 1.00; 3 points — deviation
from 1.01 or more. Long-term memory was assessed
by memorizing (from 3—5 attempts) 10 words and
reproducing them after 1 hour. In examining at-
tention, a proofreading test (Bourdon test), Schul-
te tables, and a red-and-black table were used.
The Attention Switching Index (ASI) in the Bour-
don test was calculated using the formula:

ASI =100 - Rer. / Rot. X 100,

where Rer. — the number of erroneously pro-
cessed rows; Riot. — the total number of rows in this
task.

The results were expressed as a percentage.
Attention switching time was defined as the dif-
ference between the time spent working with the
red-black table and the total time working with

the first and second Schulte tables. Children after
the age of 9 were also tested to correct 10 errors
in the text. To study thinking in children after
10 years of age, a test for finding simple analogies
was used. The study of personality traits was car-
ried out in children after 10 years of age using the
Eysenck Personality Questionnaire.

The determination of lead concentration
was carried out in heparinized venous blood
by atomic absorption spectrometry with electro-
thermal atomization (ET AAS).

Statistical processing of the results was carried
out by the method of variation series using the
Student's t-test, and analysis of variance was
carried out using the F-criterion. Differences
at p<0.05 were considered significant.

The research was carried out in accordance
with the principles of the Declaration of Helsinki.
The research protocol was approved by the Local
Ethics Committee of an participating institution.
The informed consent of the patient was obtained
for conducting the studies.

The inclusion of children in the study was
carried out with the informed consent of the chil-
dren's parents after providing detailed information
about the procedure and objectives of the work.

Results of the study and discussion

The results of the study are presented in Table
1. Analysis of the personality test (Eysenck's Per-
sonality Questionnaire) did not reveal any signi-
ficant differences between the groups of children
on the scales of introversion, extroversion and neu-
roticism. Therefore, its results were not included
in Table 1.

As observations showed, the indicators of psy-
chological testing in children depended on the level
of lead accumulation in their body. Thus, in children
of the Group 2 (main), who had a higher level of lead
in the blood than children of the Group 1 (control),
the coefficient of deviation from the optimal level
of figure recognition was also higher. The Bour-
don Proofreading Test revealed a slower switching
attention in children of the Group 2 than in chil-
dren of the Group 1. The children of the Group
2 made more mistakes when working with the
red-and-black table, in contrast to the children of
the Group 1 (control). The time of switching atten-
tion in the children of the Group 2 was longer than
in the Group 1. The results obtained are consistent
with the literature and our previous data [3,7].

To correct the detected changes, a nutrition-
al intervention was chosen, according to WHO
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Table 1
Indicators of psychological testing of children of different groups at the beginning of observation
Indicators Group 1 Group 2
Deviations from the optimal level of recognition of figures, points 0.73+0.20 1.46+0.31*
Number of correctly rendered numbers 3.73+0.38 3.64+0.34
Number of properly rendered images 9.14+0.61 8.00+0.73
Number of memorized words reproduced after 1 hour 8.82+0.22 7.82+0.66
Attention span according to the Bourdon test, c.u. 126.41£21.30 103.02+26,54
ASI, according to the Bourdon test, % 83.14+£3.92 67.50+4.87*
Average time to work with Schulte tables, s 60.07+£5.46 59.69+8.84
Working time with the red and black table, s 221.52+13.06 255.24+24 17
Number of mistakes made when working with the red-and-black table 1.04+0.17 2.91+0.61*
Attention switching time, s 98.95+9.72 147.26+14.06*
Number of uncorrected bugs in the bug fix test 2'(6n45202'§)2 3'(7r?1i1%)45
Number of errors in finding analogies 23?3%)84 2'(7251%)79
Note: * — the difference is significant (p<0.05) with the indicators of the Group 1.
Table 2
Indicators of psychological testing of children of different groups at the end of observation
Indicators Group 1 Group 2 ﬁl"é?:;'gg;
Deviations from the optimal level of recognition of figures, points 0.82+0.27 1.09+0.39 0.53
Number of correctly rendered numbers 3.95+0.35 4.36+0.36 2.15
Number of properly rendered images 9.54+0.46 10.64+0.89** 4.58**
Number of memorized words reproduced after 1 hour 8.54+0.31 8.91+0.28 2.32
Attention span according to the Bourdon test, c.u. 108.13£15.26 | 84.34+12.28 0.41
ASI according to the Bourdon test, % 78.84+4.64 69.02+6.71 0.03
Average time to work with Schulte tables, s 58.70+5.67 62.29+11.05 0.03
Working time with the red and black table, s 229.40+13.94 | 216.47+23.52 1.33
Number of mistakes made when working with the red-and-black table 1.14+0.21 1.91+£0.25 2.30
Attention switching time, s 118.65+8.54 | 97.97+9.36** 8.58**
Number of uncorrected bugs in the bug fix test 2(2“33202,)44 S‘E)noi%)ﬂ 1.16
Number of errors in finding analogies 2'(7;;17'?9 1'?23%)54 1.32

Note: ** — the difference is significant (p<0.05) with the indicators at the beginning of the observation.

recommendations [9]. For this purpose, children
of the Group 2 received a course of spirulina ac-
cording to the following scheme: 0.5 g twice
a day for 10 days, then 1 g twice a day for 20 days.

After the use of spirulina, the lead level
in the blood of children of the Group 2 decreased:
(62.64£5.73) pg/l, p<0.05, compared to the
initial value (75.55+1.99) ug/l. This coincides
with modern data on the sorption properties
of microalgae [1,8].

In parallel with the decrease in the blood of chil-
dren of the Group 2 (main), the level of lead has
improved some indicators of psychological testing
(Table 2).

As we can see, the children of the Group 2 had
an increase in the number of properly reproduced
images. In the same group of children, there was
also a decrease in the time to switch attention.
In the Group 1 (control), no significant changes

were found between the indicators at the begin-
ning and at the end of the observation.

Positive changes in the indicators of psycholo-
gical testing of children treated with spirulina
can be explained primarily by the elimination of
the causal factor — a decrease in lead load, as evi-
denced by a significant decrease in the lead level in
the blood of the examined children.

According to the literature, one of the mecha-
nisms of the negative effect of lead on the cogni-
tive sphere is the oxidative stress caused by this
heavy metal in brain cells [11]. By reducing lead
levels, spirulina helps to slow down the process of
excessive oxidation. This is confirmed by scientific
sources and the previously obtained results [4,11].
It is due to this property that microalgae have a
neuroprotective effect [11]. This effect is also faci-
litated by spirulina's ability to enhance antioxidant
protection in the body, which further reduces the
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manifestations of oxidative stress, according to the
literature [2,6,11] and our preliminary results [4].
This, in turn, enhances the neuroprotective eftect
of spirulina.

Conclusions

The obtained results indicate an associative re-
lationship between the lead accumulation in the
child's body and indicators of psychological test-
ing.

In children with elevated blood lead levels, a
certain increase in cognitive impairment (memory
and attention) has been established.
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