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Abstract

Introduction: Explanation of pathogenesis and selection of an effective therapeutic form to
treat children with autism spectrum disorders (ASD) is still one of today's challenges.

The aim of the study:Review the research regarding the content of individual trace elements

and toxic elements in the hair and in the serum of autistic children.
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Material and method:Standard criteria were used to review the literature data. The search of
articles in the PubMed database was carried out using the following keywords: autism, ASD,
trace elements, toxic elements.

Description: There are significant differences in the concentrations of essential trace elements
and levels of toxic metals in hair and serum in children with autism spectrum disorders
compared to healthy children. Many children with autism spectrum disorders suffer from a
deficiency of essential trace elements (including Zn, Cu, Mn, Mo, J, Ni, Cr and others) and high
toxic metal loads (Pb, Hg, Cd, Al.).

Summary: The deficiency of essential trace elements and the presence of toxic heavy metals

seem to play an important role in the pathogenesis and severity of autistic disorders.

Keywords: autism, elements, ASD

INTRODUCTION

The Autism Spectrum Disorder (ASD) includes a series of neurodevelopmental disorders which
are characterized by serious problems in communication and social interactions and the
occurrence of restrictive and repetitive types of behavior [1]. In most cases ASD is diagnosed
during the first 5 years of the child's life. The incidence of autism spectrum disorder is
constantly increasing. Currently, the diagnosis of autism is made in 1 of every 160 children [1].
The explanation of pathogenesis and selection of an effective therapeutic form for treatment of
autism spectrum disorders remains one of today's challenges. It is known that the causes of
autism are multifactorial [2]. They include mainly genetic factors, but attention is also paid to
the impact of epigenetic and environmental factors.

Some studies indicate the relationship between autism and epigenetic changes in gene
expression caused by environmental factors [3]. Children, unlike adults, are more exposed to
the effects of substances present in the environment. This is due to the immaturity of metabolic
pathways and poorly developed mechanisms of renal excretion in young children, as a result of
which their detoxification abilities are limited [4]. Additionally, in early development stages,
exposure to even a small amount of toxic environmental factors can cause impairment of
cognitive functions.

The relationship between levels of toxic elements in plasma, including mercury, lead and

cadmium in people with autism, has attracted the attention of many scientists in recent years
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because impaired homeostatic regulation of toxic elements and their potential neurotoxicity
contribute to occurrence and exacerbation of ASD.

The aim of this paper was to review the research regarding the content of individual trace
elements and toxic elements in the hair and in the serum of autistic children. Standard criteria
were used to review the literature data. The search for articles in PubMed database was carried

out using the following keywords: autism, ASD, trace elements, toxic elements.

THE ROLE OF INDIVIDUAL ELEMENTS IN A HUMAN ORGANISM

Micronutrients are important components of the human diet [5]. These elements in
physiological concentration are necessary for the proper functioning of the body. However,
their shortages and excess can lead to unwanted effects [6, 7].

Micronutrients

The daily demand for zinc is 10-15mg. This element plays an important role as a component of
many enzymes: it participates in the synthesis of proteins and participates in DNA replication.
It is also a component of many proteinases and insulin, and is an element of carbonic anhydrase
and respiratory enzymes. Its deficiency leads to inhibition of cell division. However the excess
zinc in the body is harmful and may cause vomiting, weakness, insomnia, impaired memory,
and dysfunction of T lymphocytes [8, 9].

Chromium is an element necessary to maintain homeostasis. It is found in the active centers of
many enzymes and responsible for the proper function of insulin [10, 11]. Its physiological
concentration suppresses appetite and helps maintain physiological cholesterol levels [10]. The
chromium present in the human body remains on the third oxidation stage. However, small
amounts of chromium in the VI oxidation state are harmful to humans. They damage the
digestive system, cause skin changes, they also are mutagenic, embryotoxic, teratogenic and
carcinogenic [12]. Chromium is the most common reason for professional contact eczema.
Selenium is another trace element necessary for the proper functioning of the human body. It
interacts with vitamin E, enhancing the antioxidant effect, inhibiting the aging process and
protecting the cell membranes. It is a component of glutathione peroxidase, which protects
against hemoglobin. Selenium has a beneficial effect on rheumatic and cardiovascular diseases
[13, 14]. Acute selenium poisoning is manifested by dyspnea, tachycardia, diarrhea and even
death [15].

Copper is a component of cytochrome oxidase respiratory enzymes and ascorbic oxidase

without which it is not possible to breathe at the cellular level [16]. It takes part in the synthesis
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of hormones and substances important for organism function: adrenaline, melanin, collagen and
elastin. It is also a part of ceruloplasmin. Its excess can lead to food disorders, hyperthyroidism,
cirrhosis of the liver, allergic reactions. A specific variation of the pathological accumulation
of copper in the body is genetically determined Wilson's disease.

Manganese is a microelement which as a component of many bioactive substances and is
involved in important biological processes such as: protein and carbohydrate metabolism,
synthesis of mucopolysaccharides and thyroid hormones. It supports the functioning of the
central nervous system, interacting with group B vitamins. It is also an activator of arginase -
one of the urea cycle enzymes. Symptoms of acute intoxication may include throat burning,
nausea and vomiting, gastrointestinal disorders. Chronic poisoning damages the nervous,
respiratory and sexual systems [17].

Molybdenum is one of the elements forming metalloflavoproteins such as xanthine oxidase or
aldehyde dehydrogenase [18]. The case of acute molybdenum poisoning with a cumulative dose
of 13.5 mg in 18 days is described. The patient had acute psychosis with visual and auditory
hallucinations, epileptic seizures. This led to cerebral damage in the frontal area and after a

year, toxic encephalopathy with cognitive deficits, depression and PTSD were diagnosed [19].

Toxic elements

Mercury in the form of vapor, compounds or liquid is a poisonous element. The accumulation
of this substance occurs in the liver and kidneys and the methylmercury forms are deposited in
the nervous system [20]. Severe vapor poisoning leads to inflammation of the bronchi and
lungs. Inhaled vapors enter the bloodstream, where after being absorbed by erythrocytes
mercury goes to the oxidation process. It disturbs many biochemical processes by destroying
biological membranes and connecting to body proteins. Other symptoms include: hemorrhagic
enteritis, circulatory insufficiency, salivation, vomiting, diarrhea with admixture of blood,
burning in the esophagus, kidney damage. Chronic poisoning gives non-specific symptoms:
weakness, pain in the extremities, headaches, progressive CNS damage, hand tremors, and lack
of gait.

Lead is a metal toxic to humans. None of the scientific studies confirmed that lead fulfills any
function in the human body, despite it occurs in it in small amounts of 120 mg [22]. Inhaled or
consumed, it passes into the bloodstream where it disturbs the function of many enzymes by
binding to the -SH group contained in many of them [23]. Nerve-destructive acts destroying
myelin sheaths, reducing the number of neurons and impairing their growth and disrupting

neurotransmission [23]. It also damages the kidneys causing nephropathy. Symptoms of lead
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poisoning are: abdominal pain, feeling of weakness in the hands, wrists, ankles, increase in
blood pressure, anemia. High levels of calcium and iron in the body act to a certain degree of
protection, while low concentrations sensitize to lead poisoning.

Cadmium, another heavy metal, is also toxic to humans. Acute, fatal poisoning gives ingestion
of 350 to 3500 mg. It accumulates in the kidneys and liver and acts similarly to lead by
nephrotoxicity. It damages the glomeruli and renal tubules. It may interfere with the mineral
metabolism of the body, affecting the distribution of iron, magnesium, copper, calcium or zinc.
Cadmium disturbs the process of oxidative phosphorylation, sodium-potassium transport, sugar
metabolism [24]. It also causes anemia, osteoporosis, proteinuria, disrupts insulin secretion,
increases lipid oxidation, and at the same time increases the production of free radicals. In the

brain, it induces apoptosis of neurons.

CONCENTRATION OF ELEMENTS IN CHILDREN WITH AUTISM - A
LITERATURE REVIEW

Knowledge of the concentration of individual elements in autistic children can help in
determining deficits or excess micronutrients, the normal level of which affects the health

condition of people with ASD.

Table 1. Characteristics of the reviewed research showing the concentration of elements in

children.

Study  Control _
References Material Results

group  group

the levels of Pb, As, Cu, Zn, Hg in hair

Zhai Q, et al. ) _ _

78 58 hair samples were higher in the ASD group

2019 [25] _
than in control group
children with ASD had lower levels
of Zn in plasma (by 6%) compared to

Wu LL, et al. the control group

113 141 plasma o )

2019 [26] no significant differences was detected
in blood Cu, Fe, Mg levels between
groups

Li H, et al. children with ASD had much higher

180 184 plasma
2018 [27] levels of Hg and As(p <0,001) and
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lower level of Cd in plasma compared
to the control group;
no significant differences was detected

in levels of Pb between groups

the levels of Ni, Cr, Se Al, As, Mn in

Skalny AV, et )
plasma plasma were lower in ASD group than
al. 2017 [28] )
in control group
children with ASD had lower levels
of Cr (by 29%),J (by 41%), V (by
24%), Be (by 50%), Sn (by 34%) in
Skalny AV, et ) ) ) (b ) (by )
74 hair hair samples compared to the control

al. 2017 [29]
group;
no significant differences was detected
in levels of Hg, Zn, Cu between groups
children with ASD had lower levels
of Zn in hair samples compared to the

Fiton J, et al. ) control group;

30 hair ) ) )

2017 [30] children with ASD had higher levels
of Cd and Mn in hair samples
compared to the control group
children with ASD had lower levels

Craciun EC, of Zn (by 10%) and Zn/Cu (by 12%) in

et al. 2016 28 28 plasma plasma compared to the control group;

[31] no significant differences was detected
in blood Cu levels between groups
children with ASD had lower levels
ofZn, Mn, Se, Mo in hair

Tabatadze T,

) samplescompared to the control group;
et al. 2015 30 30 hair ) ) _

[32] children with ASD had higher levels

of Pb, Hg, Cd in hair samplescompared

to the control group;
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Mohamed

the levels of Hg, Pb, Al in hair samples

FB,etal. 2015 100 100 hair were higher in the ASD group than in
[33] control group
the levels of Zn in plasma and Zn/Cu
were lower in the ASD group than in
Li SO, et al. control group(p<0,001);
60 plasma ] _
2014 [34] the levels of Cu in plasma were higher
in the ASD group than in control
group(p<0,001);
Zn deficiency was found in 584
(29.7%) children; Mg deficiency in 347
(17.6%) children; Ca deficiency in 114
Yasuda H, et ) (5.8%) children
7 0 hair ]
al. 2013 [35] the presence of Al was found in 339
(17.2%) children; Cd in 168 (8.5%)
children; Pb in 94 (4.8%) children; Hg
in 55 (2.8%) children
the levels of Al, As, Cd, Hg, Ni, Pb, V
in hair samples were higher in the ASD
Blaurock )
) group than in control group;
B, et al. 2012 44 0 hair )
[36] the levels of Fe, J, Se, Zn, Mn, Mo in
hair samples were lower in the ASD
group than in control group;
Palma de the levels of Mo, Li, Se in hair samples
G,etal 2012 44 61 hair were higher in the ASD group than in
[37] control group;
children with ASD had higher levels
of Cu in hair and nails compared to the
control group(p<0,001);
Lakshmi P, et hair and group(p ) )
50 ) the study showed higher Pb and Hg
al. 2011 [38] nails

levels in the hair and nails of children
with ASD compared to the control

group (p<0,001);
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Se levels were lower in the ASD group
than in control group (p<0,001)
children with ASD had higher levels
of As (p=0,01), Cd (p=0,03), Ba
25 hair (p=0,003), Pb (p=0,03), Ce (p=0,003)

Blaurock B,et

al. 2011 [39] ) )
in hair compared to the control
group(p<0,001);
the younger children (3-4 years old)
] with autism had lower Hg levels in hair
Majewska
) samples compared to the control group
Met al. 91 75 hair ) )
the older children (7-9 years old) with
2010 [40] _ ) ) _
autism had higher Hg levels in hair
samples compared to the control group
children with ASD had much higher
levels of Pb, Hg, U in hair samples
_ compared to the control group
Fido A, et al. )
40 hair (p<0,001);
2005 [41] N :
no significant differences was detected
in levels of Sbh, As, Be, Cd, Al between
groups
the levels of Hg, Pb, As, Cd in hair
Al-Ayadhi samples were higher in the ASD group
LY, ) than in control group;
77 0 hair o
et al. 2005 the levels of Cu, Cr, Mn, Fe, Co in hair
[42] samples were lower in the ASD group

than in control group;

The results of the presented studies indicate that there are differences in the concentrations of
essential trace elements in hair and serum in children with autism spectrum disorders compared
to healthy children (table 1). Although the level of concentration of microelements in some of
the studies was increased in the group of children with ASD compared to control group, in most
studies a marked reduction in concentrations and even deficiency of trace elements in autistic

children were found.
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Most studies draw attention to reduced levels of zinc in the hair and serum of children with
ASD [26, 30, 31, 34, 36]. H. Yasuda et al. observed a significant correlation of zinc
concentrations with age in children with ASD (r = 0.377, p<0.0001) indicating that children
under 3 years old are more susceptible to zinc deficiency than the older ones [35]. Due to the
fact that Zn has an important role in the synthesis of nucleic acids and proteins as well as in the
growth and repair of tissues, its normal concentration is extremely important in pregnant women
and infants. H. Kurita et al. in mouse studies reported that zinc deficiency in the uterus induces
epigenetic fetal changes in the modification of genes encoding the metallothionein promoters
[43].

Other frequent deficiencies in children with ASD, in addition to insufficient levels of zinc, are
magnesium deficiencies. This condition was found by H. Yasuda in 17.6% (347) of children
diagnosed with autism [35]. As in the case of zinc, examination of the hair samples of children
with ASD diagnosis allowed to observe a significant correlation of magnesium concentration
with age (r = 0.362, p <0.0001) suggesting that the youngest children are also at higher risk of
magnesium deficiency than older children [35].

In addition to deficiencies in the essential micronutrients, recent studies show that children with
ASD compared to healthy children have high levels of toxic metal pollution, such as Pb, Hg,
Cd and Al [25, 27, 30, 32, 33, 36, 38 , 39, 40, 41, 42]. This suggests a possible
pathophysiological role of heavy metals in the genesis of autism spectrum disorder symptoms.
An American study evaluating the prevalence of autism in areas with varying levels of lead,
mercury and arsenic pollutions has shown that in areas with higher concentrations of lead in the
air occurs a higher incidence of ASD than elsewhere. Similar results were obtained for
environmental contamination with mercury and arsenic [44].

Japanese scientists conducting research on a group of 1 967 children with ASD showed that
among the excess toxic metals, the most common is excess aluminum (n = 339, 17.2%),
followed by cadmium (n = 168, 8.5%), then lead (n = 94, 4.8%), and on the fourth place of
mercury (n = 55, 2.8%) [35]. Concentrations of toxic metals in patients with autism are well
correlated with the intensification of the disease. Increasing the concentration of heavy metals
in the hair significantly correlates with the increased severity of ASD [45]. Differences in toxic
metal concentrations are also observed depending on the age of children with ASD. In a study
conducted by M. Majewska et al. younger autistic patients had lower Hg levels in the hair
samples, while older ones had higher levels than their corresponding controls [40]. This
suggests that autistic children differ from healthy children by mercury metabolism, which

seems to change with age.
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Calcium deficiency is likely to further enhance the toxic effect of lead on cognitive and
behavioral development in children [46]. A significant relationship between calcium
deficiencies in the diet and the concentration of lead in the blood was found in 3 000 American
children [46]. Therefore, one of the activities aimed at protection against the accumulation of

toxic metals is to maintain normal levels of other essential elements.

CONCLUSION

This review shows that many children with autism spectrum disorders suffer from a shortage
of essential trace elements and high toxic metal loads. This suggests that these phenomena may
play an important part in the pathogenesis and intensification of autistic disorders. Deepening,
long-term mineral deficiencies may lead to health and developmental problems in a child.

It appears that patients with autism may respond well to an appropriate nutritional approach
that replenishes nutrient deficiencies. A proper diet will not only provide the necessary level of
essential nutrients, but also may improve the detoxification ability by removing toxic metals
from the body.

The dietary approach in such patients may be helpful in treatment of children with autism

spectrum disorders.
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