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Spirulina in the rehabilitation of children with elevated blood lead concentration

Introduction. According to literary data, almost one in three children in the world has a blood lead concentration (BLC) of more than 5pg/
dL. This value is the threshold for initiating clinical intervention according to WHO recommendations. At this BLC threshold (referred to as
the ‘public health intervention concentration’) public health action is recommended in the USA, Australia, France, England. In Ukraine, there
are no programs of this scale yet. Scientific work in this direction is rare.

The aim of the study was to evaluate the effectiveness of spirulina in improving the metabolic status in Ukrainian children with
elevated BLC.

Materials and methods. 33 random children aged 7 to 15 years were examined. The lead content in venous blood was detected by
atomic absorption spectrometry with electrothermal atomization. Indicators of morphological and biochemical blood tests were determined
by generally accepted methods.

Results. About 30% of the children had BLC > 5ug/dL. They had a lower content of hemoglobin and red blood cells, activation of
lipid peroxidation processes and a decrease in antioxidant protection reserves compared to children with lower BLCs. According to the
WHO recommendations, the children with BLC > 5ug/dL underwent nutritional intervention. As a nutritional supplement, spirulina was used
according to the scheme: the first 10 days — 0.5 g 2 times a day, then 1 g 2 times a day for another 20 days. As a result, BLC significantly
decreased from 7.56+0.20 to 6.26+0.57 pug/dL, hemoglobin increased from 126.91+2.15 to 137.46+1.46g/L, blood red cells increased from
4.02+0.07 to 4.39+0.05 T/L. The content of diene conjugants decreased from 20.46+1.71 to 13.82+1.27 pmol/L, and the number of sulthydryl
groups increased from 0.93+0.15 to 1.40+0.11umol/L. The thiol-disulfide ratio increased 1.7 times.

Conclusions. Spirulina contributes to the removal of lead from the body and helps to improve the metabolic status in children with
elevated BLC. This allows us to recommend this dietary supplement for the rehabilitation of children undergoing environmental lead pressure.

Key words: ecology, public health, lead, children, hemoglobin, lipid peroxidation, antioxidant protection, spirulina.

Iuinoii Irop MuxaiinoBu4, KaHIMZAT MEIUYHUX HAyK, JTOLEHT Kadeapu BHYTPINIHIX XBOpoO, MiXHapogHWil rymaHiTapHHI
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CuipyJiiHa B 0310pOBJIeHHI JiTel 3 MiIBUIIIEHMM PiBHEM CBHHIII0 B KPOBi

Beryn. 3rigHo niTepaTypHUX JaHHX, Maike KOKHA TPEeTsl JUTHHA B CBITi Mae KOHIEHTpalito cBuHIIO B KpoBi (blood lead concentration —
BLC) nonax Smkr/mn. Lst BennunHa € IOpOroBoro IS TOYaTKy KIHIYHOTO BTpyYaHHs 3riHO0 pekoMenariit BOO3. Came npu TakoMy mopo3i
BLC (sxuit Ha3UBalOTh «KOHIICHTPAIIEI0 BTPYYaHHS B OXOpOHY 310poB's») y CLIA, ABcrpanii, ®paniii, AHIII peKOMEHAYIOTBCS 3aX0I1
IPOMaJIChKOI 0XOpoHH 310poB's. B Yipaini mporpam Takoro maciutaly e Hema. HaykoBi po6oTu B 1aHOMY HANPSIMKY MOOJHHOKI.

MeTta mocizKeHHsI — OLIHUTH €(eKTHBHICTD CHIPYJIiHMA B MOKPAIIEHHI METabOoIiYHOTO CTaTyCy B YKPAIHCBKHX JiTeH 3 MiABHINCHUM
PiBHEM CBHHIIIO B KPOBI.

Marepiaan Ta Merogn. O6cTexxeHo 33 AUTHHM BHUIaAKoOBOI BHOIpKM BikoM Bix 7 g0 15 pokiB. BMmicT cBHHIO y BEHO3HIH KpOBi
BUSIBIISUIE METOJIOM aTOMHO-a0COPOLIIHHOT CIIEKTPOMETPIi 3 eNeKTpoTepMivHOI0 aToMizanielo. [loka3sHnky MopdonorigHoro Ta 6i0XiMiYHOTO
JOCIIKeHHs KPOBI BU3HAYAJIHN 33 3aralbHONPUHHATHME METOIUKAMH.

PesyabraTn. bimsbko 30% obcrexxenux aiteid maan BLC > S mxr/mn. ¥V Hux OyB BUABICHHH OUIbII HU3BKUH BMICT reMOIIOOIHY Ta
CPUTPOLUTIB KPOBi, aKTUBAL(iS IPOLECIB NEPEKUCHOTO OKUCICHHS JIMIAIB 1 3HIKEHHS pe3epBiB aHTHOKCHIAHTHOTO 3aXUCTy MOPIBHSHO
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TITIEHA I OPTAHIBAIIIA OXOPOHM 3JIOPOB’SA

3 giteMu 3 Oinbmr HE3bkuMH BLC. 3rigno pexomenpaniin BOO3, nitTsaM OCHOBHOI TpymH MPOBOAWINM HYTPITHBHE BTpydYaHHs. B sikocti
Xap4oBO1 100aBKH IS TAKOTO BTPYYaHHS 3aCTOCOBYBAJIACh CITipyIiHa 3a cxeMoro: nepmri 10 quiB — o 0,5 r 2 pas3u Ha JieHs, jani no 1 r2 pasu
Ha neHb 1me 20 aHiB. Y pesynsrati qocToBipHO 3HM3MWIack BLC (Bin 7,564+0,20 mo 6,26+0,57MKr/m), miABHIIKBCS PiBEHb TeMOMIO0IHY (Bl
126,9142,15 no 137,46+1,46r/m), eputpouuTtis kposi (Bing 4,02+0,07 no 4,39+0,05T/x). BmicT mieHOBUX KoH torariB 3Hu3uBCs 3 20,46+1,71
1o 13,82+1,27 MKMOIB/I, a KUIBKICT CymbrinpuibHux Tpyn 30inbmmmacsk Big 0,93+0,15 no 1,40+0,11mxmons/n. Tion-gucynsdinne

CHiBBiTHOIICHHS 301bIIMNOCS B 1,7 pazy.

BucnoBku. CripyniHa crpusie BUBEICHHIO CBUHIIO 3 OpraHi3My, a TaKOX IOKpallye MeTabOoNiuHUK CTaTyC y AiTedl 3 MiABHILCHUM
piBHEM CBHHIIIO B KpoBi. Lle 103Boisie pekoMeHIyBaTH JlaHy 0i0JIOri4HO akTUBHY A00aBKy m0 TXKi IS 030POBICHHS AiTEH, 0 3a3HAIOTH

eKOJIOTIYHOTO CBHHIIEBOTO PECHHTY.

KutrouoBi c;10Ba: exomnoris, rpoMajichke 310pOB’sl, CBUHELIb, AiTH, TeMOIIO0iH, epeKNCHe OKUCICHHS JTiMi/liB, aHTHOKCHAAHTHHIT 3aXHCT,

cripysiHa.

Introduction. Lead (Pb) has been used for thousands
of years in different anthropogenic activities thanks to its
unique properties that allow for many applications [1]. But
non-biodegradable character and continuous use results in
accumulation of lead concentration in the environment and
causes various ill effects [2]. Therefore, lead exposure has
been a serious ecology and public health problem through-
out the world over the years. The major sources of lead
in the past were lead-containing paint and leaded gasoline
before they were phased out due to its toxicity. Meanwhile,
people continue to be exposed to lead from time to time
through many other sources such as water, food, soil and
air [3; 4]. Researchers believe that soil, buildings, dust and
even trees constitute huge lead repositories throughout
urban areas [5]. Lead exposure from these sources could
have detrimental effects on human health, especially in
children [1-5]. The problem is exacerbated by the fact that
these patients can be challenging to identify due to their
non-specific presentation and frequent lack of known expo-
sure [6]. So most importantly, a high index of suspicion is
needed since there may be no symptoms or overt clinical
signs in those with mild disease [4]. But they already have
shifts at the biochemical and cellular level, which can later
be realized into a clear clinical picture of lead intoxication
[7], such as neurotoxicity, change in psychological and
behavioural development etc. [2]. To break this chain of
negative changes, in the initial stages it is enough to cor-
rect the metabolic status in the body. If a raised blood lead
concentration (BLC) is found, abatement of the source of
exposure is the most important intervention, as chelation is
usually only indicated for very high levels [4; 8]. The use
of enterosorbents — materials which can be administered
orally and eliminate toxic substances from the gastrointes-
tinal tract by sorption — offers an attractive complementary
protection of humans against acute and chronic poisoning
[9]. For quite a long time, the attention of researchers has
been attracted by spirulina. It’s a microalga that has the
potential for adsorption, bioaccumulation, and biodegrada-
tion of heavy metals. The microalgal strains can mitigate the
hazardous chemicals via their diverse cellular mechanisms
[10]. Therefore, spirulina is proposed for use in bioreme-
diation which is the most effective technique in the revival
of the environment, and it is environmentally friendly and
cost-effective [2, 10]. Spirulina showed lead removal effi-
ciency as 74% [2]. Spirulina is becoming increasingly used
in health care [11].

The purpose of the work was to evaluate the effec-
tiveness of spirulina in improving the metabolic status in
Ukrainian children with elevated BLC.

Methodology/Methods. 33 children of a random sam-
ple aged 7 to 15 years who were in a paediatric medical

institution were examined. 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
about the procedure and purpose of the work. To diagnose,
predict the course and evaluate the effectiveness of clini-
cal interventions, we chose those indicators of laboratory
examination that could be the most informative and at the
same time relatively accessible. According to modern lit-
erature data, these are the BLC [8], indicators of anaemia
[12], biomarkers of oxidative stress [13].

The determination of lead was carried out in hepa-
rinized venous blood by atomic absorption spectrometry
with electrothermal atomization. General clinical tests of
blood and urine were carried out according to generally
accepted methods. A biochemical blood test included
separate indicators of the state of the liver to assess the
possible negative effects of lead on these parameters, as
well as to control the safety of therapy, as shown in the
literature. The content of beta-lipoproteins, bilirubin,
total protein, activity of the organ-specific enzyme of
the liver — alanine aminotransferase (ALT), an indicator
of the thymol test was determined. The activity of lipid
peroxidation (POL) processes was judged by the accu-
mulation of primary (diene conjugants — DC) and final
(malonic dialdehyde — MDA) lipoperoxidation products
in the blood. The state of the antioxidant system was
assessed by the activity of glutathione-peroxidase (GPO)
and by the content of sulfhydryl and thiol-disulfide groups
of blood proteins. The research was conducted according
to unified methods. The ratio of group averages SH/SS
was also calculated.

Statistical processing of the obtained data was carried
out by methods of variational statistics using the Stu-
dent-Fischer T-criterion.

To establish the dependence of the studied parameters
on the BLC, as well as considering the recommendations
of the WHO on the feasibility of clinical intervention [8],
children were divided into 2 groups: 1) a group with a lead
content of up to 4.9 pg/dL, n = 22; 2) a group with a lead
level in the range of 5.0-9.9 yug/dL, n = 11. The control
in assessing the ecopathogenic effects of lead was the first
group of children. When assessing the effectiveness of the
intervention, the indicators were compared on beginning
and end of observation.

Evaluation of calculations y* showed that by age, by the
presence of certain diseases, the groups were homogene-
ous, so the differences in the indicators of morphological
and biochemical studies could be explained in this case
only by different levels of lead in the blood.

Results and Discussion. The results of the study are
presented in the table 1.
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Table 1

Indicators of morphological and biochemical examination of blood in children of different groups, M+m

Indicators At the beginning of the observation At the end of the observation
BLC <4.9 pg/dL BLC 5.0-9.9 pg/dL BLC <4.9 pg/dL BLC 5.0-9.9 pg/dL

Lead, pg/dL 3.20+0.22 7.56+£0.20* 3.57+0.41 6.26+0.57**
Hemoglobin, g/l 134.32+1.85 126.91+2.15* 134.14+1.77 137.46+1.46**
Erythrocytes, T/1 4.30+0.07 4.02+0.07* 4.28+0.05 4.39+0.05%*
Eosinophils, % 2.68+0.38 4.64+0.96* 3.18+0.54 3.00+0.93
ALT, pmol/l/s 0.39+0.01 0.39+0.02 0.39+0.01 0.40+0.02
DC, pmol/l 16.36+1.21 20.46+1.71 17.14£1.32 13.82+£1.27%*
MDA, pmol/l 134.50+8.81 144.46+11.92 131.62+9.04 121.7349.71
GPO, pmol/l/sec 14.90+0.77 11.84+1.75 11.40+0.84** 15.21+1.11
SH-groups, pmol/l 0.60+0.07 0.93+0.15* 0.93£0.12** 1.40+0.11**
S-S-links, pumol/l 0.20+0.03 0.36+0.09* 0.29+0.05 0.32+0.04
SH/SS index 2.94 2.55 3.19 4.32

Note. * — The difference is reliable (p < 0.05) with the indicator of the first group, ** — the difference is reliable (p < 0.05) between
the indicators at the beginning and at the end of the observation in each group.

In the biochemical indicators of the functional state of
the liver, there were no significant differences both between
groups of children with different levels of lead and between
different periods of observation, so they were not included
in the table.

Analysis of BLC in children showed that about 30%
of them have a concentration above 5 pg/dL at the start
of observation. This concentration is a practical value at
which clinical interventions can be started according to
the WHO recommendations [8]. The proportion of such
children in the above sample coincides with modern data.
The report produced by UNICEF and Pure Earth notes that
according to ground-breaking new analysis and research,
around 1 in 3 children globally have blood lead levels at or
above 5 pg/dL [14].

Analysis of red blood counts indicates that clinical
intervention in children of the second group was justi-
fied. Thus, these children had significantly lower levels of
haemoglobin and red blood cells than children of the first
group. This is consistent with current research. For exam-
ple, investigators searched PubMed, Scopus, and Web of
Science databases for studies published between January
2010 and April 2022. They found evidence of a negative
relationship between lead concentration and haemoglobin
in 38 publications [12].

In children of the second group, a significantly higher
relative number of eosinophils was also found 1.7 times
higher than in children of the first group. This indicates a
possible allergy of the body with an increase in the level of
lead in the blood.

The content of diene conjugants had a pronounced ten-
dency to increase by almost 25% in children of the second
group. This indicates the activation of lipoperoxidation
processes with an increase in the level of lead in the blood.

At the same time, the activity of the antioxidant protec-
tion enzyme — GPO — on the contrary, tended to decrease by
25%. This indicates a depletion of the antioxidant protec-
tion of the child's body while increasing the concentration
of lead. Changes in the thiol-disulfide system in children
of the second group even reached a degree of reliability.
The values of both indicators of this system increased, but

the increase in the number of SH groups (1.6 times) lagged
the increase in the number of S-S bonds (1.8 times). As a
result, the SH/SS ratio decreased (in the first group 2.94,
and in the second — 2.55), which also indicates a decrease
in the reserves of antioxidant protection of the child's body
with an increase in the concentration of lead. It is known
that violation of prooxidant-antioxidant homeostasis may
be the primary mechanism associated with lead toxicity
[13]. Therefore, it is important to apply medical interven-
tion to this link of pathogenesis to prevent the development
of lead-induced pathology.

When choosing a medical intervention, we relied on the
recommendations of the WHO [8]. We informed the par-
ents of the children that «the single most important action
in the management of any lead exposure is to take measures
to stop the exposure as quickly as possible. This alone will
itself result in a reduction in the blood lead concentration
and clinical improvement» [8].

According to the algorithm from the WHO, nutritional
interventions are recommended in children with a BLC > 5
pg/dL but < 45 pg/dL [8]. In our study, these are the levels
of the second group of children. As a nutritional supple-
ment for these children, spirulina was used 0.5 g 2 times a
day for 10 days, then 1 g 2 times a day for another 20 days.

As a result of the use of spirulina in children, their BLC
has significantly decreased (see Table 1). This confirms the
data on the sorption properties of spirulina [2; 10].

At the same time, those studied indicators that at the
beginning of the observation had differences with control
were also subjected to correction. At the end of the obser-
vation, children of the second group significantly increased
the concentration of haemoglobin and the content of red
blood cells. The relative number of eosinophils decreased
by 1.5 times. The level of diene conjugants has significantly
decreased, the number of sulfhydryl groups of blood pro-
teins has increased, the thiol-disulfide ratio has increased
1.7 times.

The positive effects of spirulina can be explained by
its composition. It contains vitamins of the antioxidant
group (A, C and E). It is also a storehouse of many essen-
tial minerals, including iron [15]. The data obtained by
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us are consistent with studies that have proven the prom- Conclusions.

ising effects of spirulina in the prevention and treatment 1. Spirulina showed enterosorbing properties, contrib-

of anaemia, oxidative stress and other pathological condi- uted to the removal of lead from the body.

tions [11; 15]. 2. This nutritional supplement has also helped improve
Children tolerated nutritional intervention well. Its metabolic status in children with elevated blood lead levels.

safety was also indicated by the absence of changes in the 3. This allows us to recommend spirulina for the rehabil-

activity of ALT and other indicators of the functional state itation of children undergoing environmental lead pressure.

of the liver. 4. However, more studies are needed.
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