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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 g/ (control group) and from 50 11g/! 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
o control scores. According to WHO recommendations, nutritional intervention was selected to correctthe identified changes. For this purpose,
children of the main group received a course of spirulina according 1o 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/!, compared to the initial value
(75.55+1.99) g/!. 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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McuxoTectTyBaHHA B AiTel i3 NiABULLEHNM PiBHEM CBUHLLIO Y KPOBI: BMJIUB CRIPYniHU
H. I. THigal, H. I". Jloruw', [. B. YceHko!, I. M. THigoii2, B. H. Kykyiukin?

10aeChHKNI HALLIOHANBHIA MeauuHi yHIBepcuTeT, Oaeca, YkpaiHa

2MiXHapoaHWiA rymaniTapHnin yHisepcutet, Oaeca, YkpaiHa

[MoLwyk edekTusHYX | He3neqHrx 3aco0iB ANA 3MEHLIEHHS HACIAKIB HEraTUBHOIO BIJIMBY CBUHLIO HA KOTHITUBHY COERY AUTUHMN € aKTYanbHOK
npobNemMoio.

MeTta — npoaHaniayBarm 3MIiHW NOKA3HWUKIB NCUXOTECTYBAHHA B ATEH i3 NIABULLEHM PIBHEM CBUHLIIO Y KPOBI | BNAMB HA HUX Npenapary
CripyniHu.

Matepianu i metogu. O6cTexeHo 33 AnTUHU BIKOM BiA 7 A0 15 pokis. itei 6yno noaineHo Ha 2 rpynu 3aiexHo Bl PIBHA CBUHLIO B IXHINA
KpoBI: A0 49 MK/ BKIIOYHO (KOHTpONbHA rpyna) i 8ia 50 mkr/n i Ginslue (ocHoBHa rpyna). CTatucTiudHy o6po0Ky pesysTaris NpoBoaUIM Me-
TOAOM BapialiiHUX PAIB 3 BUKOPUCTAHHAM t-kpuTepiio CTeioAeHTa, a AMCNepCinkuin adania — 3a F-kpuTepiem.

Peaynbrath. Y AiTel i3 NIABULLEHUM RIBHEM CBUHLIO Y KPOBI BCTAHOBAEHO AOCTEMEHHE 30IbLIEHHRA KOTHITUBHUX PO3Maals (nam’aT Ta yea-
M) NOPIBHSAHO 3 MOKASHUKAMM KOHTPOMO. 3riaHo 3 pekomeraauisvn BOO3, ana kopekuil BUABASHNX 3MIH BUOPAHO HYTRUTUBHE BTRYHAHHS.
3 Ujel0 METO ATV OCHOBHOT rpyNn OTRUMANM KYPEC CNIpyisK 3a cxemoio: no 0,5 1 2 pasu Ha AeHb npotarom 10 ai6, Hagani no 11 2 pasu Ha
AeHb NpoTsarom 20 Ai6. YHACNIA0K LbOro piBeHb CBUHLIO Y KPOBI AITel el rpynu 3HU3UBCA: (62,64%5 73) MKI/1, NORIBHSAHO 3 NOYATKOBUM
HAYEHHAM (75,55%1,99) mkr/n. MNOoKpaWmMANCs NOKASHUKU KOTHITUBHOI Chepu: A0CTEMEHHO 30IMbLUINNACE KINbKICTE NPaBUILHO BIATBOREHMX
00pasis Ta 3MEHWMUBCH 4aC NEPEKTI0YEHHS YBATM, NOPIBHIHO 3 MOKA3HMKaMM A0 MRUAOMY Npenapary 3 MiKDOBOAOROCTEN.

BucHoBku. Cnipy/iHa Mae HeNpONPOTEKTUBHY AI0 M4 Yac 1 3aCTOCYBaHHSA B AITEN I3 XPOHIMHOIO CBUHLIEBOIO IHTOKCUKALLE. AncnepciiHni
aHania NiaTBepans Ler BUCHOBOK: OLIHKA 3a kpuTepieM F aii Ha KineKiCTb NpasuiibHO BIATBOPEHMX o6pasis cTaHosuna 4,58, p<0,05. Bnavs
Ha Yac NepekIYeHHs yearu 3a kputepiem F 6ys 8,58.

JOCNIOXKEHHS BUKOHAHO BIANOBIAHO A0 NPUHUMNIB [enseiHebkol Adeknapadii. [MpoTokon AOCAIAXEHHS yXBaNeHo JIOKabHAM ETUMHUM KOMITe-
TOM YCTAHOBW. Ha NnpoBeAeHHS AOCNIAXEHb OTPUMAHO IHOOPMOBaHy 3rofy Oarbkis, AITel.

ABTOPN 3aABASIOTE MPO BIACYTHICTE KOHPAIKTY IHTEPECIB.

KnroyoBi cnoBa: oTpyeHHsA CBUHLEM, OITH, KOTHITUBHI pO3NaaW, NCUXOTECTYBAHHA, CNIpy/iHA.

Introduction (WHO) [9]. Even in low doses, this heavy metal

can affect children's brain development and lead

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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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. / Rtot. 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 coeflicient 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 3.7320.38 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, ¢.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 rec-and-black table 1.04£0.17 2.91+0.61*
Aftention switching time, s 98.95+9.72 147.26+14.06*
Number of uncorrected bugs in the bug fix test 2.(6n43202.())2 3'(7n0:i1%f5
Number of errors in finding analogies 253}084 270}0'79
(n=17) (n=10)
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 %"éer;'sgg
Deviations from the optimal level of recognition of figures, points 0.82+0.27 1.09+0.39 0.563
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 8.564+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 1.38
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 113.65+8.54 | 97.97+9.36** 8.58*
Number of uncorrected bugs in the bug fix test 2'(2n3:i2%f4 3'%0;%?7 1.16
Number of errors in finding analogies 2'(7;;17'())9 1'(8951%)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) pg/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 effect
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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