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Abstract

Autism Spectrum Disorders (ASDs) and Cerebral Palsy (CP) are amongst the
leading neurodevelopmental disorders in children worldwide causing dimi-
nished quality of life. Unlike CP caused by brain damage affecting muscle
tone, movement and motor skills, equivocal report of different genes with
varying loci as genetic malformation and genetic modulation by environ-
mental factors have been the focus of attention in the aetiology of ASD.
This study investigated levels of toxic metal (Pb) and macro elements (Ca and
Mg) in blood of children with ASD and CP in Nigeria. 8 and 18 Children
(aged 2 - 12 years) clinically screened for features of ASD and CP respectively
by pediatric neurologist using DMS-IV classification along with 15 age-matched
neurologically healthy ones as controls were recruited. Plasma levels of Ca,
Mg and Pb were determined in the children using Induction Coupled Plasma
Mass Spectroscopy (ICP-MS). Results were analyzed using students t-test.
The gender difference was not significant in the children (P = 0.216) while
developmental milestones’ abnormalities (stable neck, sitting, crawling and
walking) was significantly prevalent among CP children relative to ASD and
normal children (P= 0.003, 0.003, 0.003 and 0.000 respectively); however,
abnormality in talking was common in ASD and CP relative to normal child-
ren (P = 0.000). There was significant difference in educational background
of ASD and CP parents relative to those of normal children (P = 0.025).
Mean plasma calcium and magnesium levels was significantly reduced in
children with ASD (7.90 + 0.17 mg/dl, 2.44 + 0.07 mg/dl) and CP (7.26 +
0.31 mg/dl, 2.42 + 0.08 mg/dl) in comparison to the controls (8.97 + 0.20 mg/dl
and 3.26 £ 0.16 mg/dl); (P < 0.001; P < 0.000 and P < 0.002; P < 0.000) respec-
tively. However, mean lead levels in children with CP (10.38 + 1.45 ug/dl) were
significantly greater than in ASD (7.92 + 1.30 pg/dl) and normal children
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(6.83 £ 0.72 ug/dl) (P < 0.433; P < 0.047). Hypocalcaemia and hypomagne-
saemia with concurrent plumbism (more pronounced in CP) was observed in
children with ASD and CP in this study).
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1. Introduction

Autism Spectrum Disorders (ASD) describes a range of conditions classified as
neurodevelopmental disorders in the fifth revision of the American Psychiatric
Association [1]. It is a disorder characterized by social deficits and communica-
tion difficulties, stereotyped or repetitive behaviors and interests, sensory issues,
and in some cases cognitive delays that manifest in early childhood [2]. The in-
cidence of autism in the 90’s was estimated at 1 in every 110 children [3]; how-
ever, recent studies have shown that the incidence is increasing globally with
prevalence rates of 1.13% (1 in 88) in 2012 to 1.47% (1 of 68) in 2014 in Ameri-
cans [4] [5] and 0.8% in 2011 to 2.3% in 2014 in Nigerians [6] [7] with a pre-
ponderance ratio of four males to a female. This global increase of ASDs preva-
lence cannot be fully explained in spite of advances in diagnostics because of
sudden genetic shifts. There is therefore a growing consensus among scientists
and clinicians that ASDs is probably caused from an interaction among genes,
environment and the brain [8]. Several studies on environmental factors includ-
ing those on identical twins have implicated either the exposure to toxins or lack
of essential trace elements as important contributors in the pathophysiology of
ASD [8]. Also, the plausibility of this has been corroborated by identifying roles
of these elements and by the equivocal results of various genetic typing in child-
ren with ASD [9].

Cerebral palsy is a common developmental disability characterized by motor
impairment and can present with general physical and mental dysfunction with
worldwide incidence of 2 to 2.5 per 1000 live births [9]. It is a static neurologic
condition resulting from brain injury that occurs before cerebral development is
complete. Because brain development continues during the first two years of life,
cerebral palsy can result from brain injury occurring during the prenatal, peri-
natal, or postnatal periods. The etiology of CP is therefore very diverse and mul-
tifactorial. The causes are diverse; they include congenital, genetic, inflammato-
ry, infectious, anoxic, traumatic and metabolic. The injury to the developing
brain may be prenatal, natal or postnatal. As much as 75% - 80% of the cases are
due to prenatal injury with less than 10% being due to significant birth trauma
or asphyxia [10].

Trace elements are the building blocks of our bodies which consist of macro

elements that are required in milligram quantities and the micro elements that
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are needed in micro and possibly nano quantities. They are required especially as
coenzymes in many metabolic processes and also as building blocks for body
and protein structure, fluid balance and many other processes in the body. They
are keys for the health of every body system and functions [11]. Most of the es-
sential trace elements are derived from diet; however, a good number are envi-
ronmental contaminants/toxicants which inevitably find their way into the hu-
man system. Genetically, children with autism may be less able to detoxify toxic
environmental agents, and this inability may predispose them to suffer neural
damage consistent with autistic behavioral traits [12]. There have been sugges-
tions that lack of essential minerals may cause many health problems, and a lack
of them (or in some cases, an excess of them) could contribute to the etiology of
ASD. This study was therefore designed to investigate the possible presence and
role of abnormal levels of toxic (Pb) and macro elements (Mg and Ca) in the
blood of children with ASD and those with CP.

2. Subjects and Methods

Recruitment: A total number of 41 participants were recruited for this pilot
study. This comprised of eight (8) and eighteen (18) clinically diagnosed ASD
and CP participants with mean age 5.25 + 0.37 and 5.47 + 0.81 respectively and
fifteen (15) neurological healthy children with mean age 7.87 * 0.89 as controls.
Children with CP were included in this study to serve as positive control because
CP is more prevalent and have also been well investigated. Distinguishing fea-
tures of children with CP in respect of developmental milestones make the di-
agnosis clearer than ASD thus using CP as eliminating criterion while investi-
gating neurodevelopmental disorders identification and hence recognition of
ASD.

Selection: Selection of subjects was done by the Paediatric Neurologist based
on above criteria and all autistic children were subjected to a full clinical child
psychiatric evaluation for diagnosis of autistic spectrum disorder and exclusion
of other psychiatric disorders according to Diagnostic and Statistical Manual of
Mental Disorders based on DSM-IV-TR; DSM-5 classification. All the children
recruited for the study received routine childhood vaccinations.

History of all children in the study was taken covering: parent socio-economic
status, pregnancy history, attainment of developmental milestones, dietary his-
tory, and environmental exposure details. Past history of major childhood ill-
nesses and immunizations were taken and clinical examination of all body sys-
tems with special emphasis on neurological examination was performed.

Ethical approval was obtained from the University of Ibadan/University Col-
lege Hospital joint Ethical Committee.

Informed consent was obtained from each subject through their parents.

Inclusion criteria: Children clinically diagnosed as ASD and those as CP
whose parents gave informed consent were recruited for the study.

Exclusion criteria: Children having liver or kidney disease, anemia, kwashi-
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orkor or current treatment for iron deficiency, progressive neurological disord-

ers, or epilepsy were excluded from the study.

Method

Blood collection: About 2 mls of venous blood sample was collected from each
participant from the ante-cubital vein. Blood was carefully dispensed into li-
thium heparin bottles to avoid haemolysis. Blood samples were centrifuged at
2000r.p.m. for 10 minutes using Centaur 2-centrifuge (Fiston centrifuge, manu-
factured in England) to obtain plasma which was promptly separated into
another clean plane bottle. All samples were kept frozen at —20°C until they were
ready for analysis.
Ca, Mg and Pb were determined using ICP-MS.

3. Results

Instrument software was used on the machine to calculate the results with the
inclusion of appropriate standard and controls. The result was in part per billion
(ppb); concentrations in ppb were converted to other units using appropriate
conversion factor. Details of the results are in Tables 1-6.

Statistical analysis: Data obtained were revised, coded, tabulated, and ana-
lyzed using Statistical Package for Social Science (SPSS 20.0.1 for windows; SPSS
Inc., Chicago, IL, 2016) according to the type of data obtained for each parame-
ter.

Descriptive statistics: Mean standard error (+SE) was used for parametric
numerical data, frequency and percentage for non-numerical data.

Analytical statistics: Student’s t-test was used to assess the statistical signi-
ficance of the difference between two study group means. ANOVA was used to
assess the statistical significance of the difference between more than two study
group means, chi-square test was used to examine the relationship between two
qualitative variables, and fisher’s exact test was used to examine the relationship
between two qualitative variables when the expected count was less than 5 in
more than 20% of cells. P value of 0.05 was considered significant.

Table 1 shows ASD group consisted of 6 boys (75%) and 2 girls (25%); CP
consisted of 15 boys (83.3%) and 3 girls (16.7%) and the control group consisted
of 8 boys (53.3%) and 7 girls (46.7%). Analysis of the questionnaires showed that
75.0% of ASD and 66.7% of CP were 1st child among siblings. Deductions from
the result showed that parents of the children in the 3 groups belong to similar
socio-economic class however fathers of CP children were least educated.

Table 2 shows profile of developmental milestones in the participants. 62.5%
of ASD and 77.8% of children with CP were not talking; this value is significant
when compared within the groups (P < 0.000). 38.9% of children with CP had
unstable neck with delayed sitting and crawling (P < 0.003) while 55.6% were not
walking. The other developmental milestones indicators showed that children

with CP were significantly affected compared to children with ASD and none in
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Table 1. Comparison of frequency distribution of socio-economic status within the group
using chi-square.

ASD CP NC
VARIABLES RESPONSE X P-val
(N=8) (N=18) (N=15) value
MALE 6 (75% 15 (83.3% 8 (53.3%
SEX (75%) (83.3%) (53.3%) 3.644 0.216
FEMALE 2 (25%) 3(16.7%) 7 (46.7%)
1ST 6 (75.0%) 12 (66.7%) 8 (53.3%)
2ND 2(25.0%) 2(11.1%) 2 (13.3%)
CHILD
BIRTH 2ND 0 (0.0%) 0 (0.0%) 2 (13.2%) 8141 0.686
ORDER 3RD 0 (0.0%) 2 (11.1%) 3 (20.0%) ’ ’
4TH 0 (0.0%) 1(5.6%) 0 (0.0%)
5TH 0 (0.0%) 1(5.6%) 0 (0.0%)
PE 0 (0.0%) 2 (11.1%) 0 (0.0%)
MOTHER’S
LEVEL OF PPE 1(12.5%) 6 (33.3%) 4 (26.7%) 8118 0.176
EDUCATION PSE 5 (62.5%) 9 (50.0%) 5(33.3%) ’ ’
PGE 2 (25.0%) 1(5.6%) 6 (40.0%)
FATHER'S PE 0 (0.0%) 1(5.6%) 0 (0.0%)
LEVEL OF PPE 1(12.5%)  5(27.8%) 3 (20.0%) 14.395" 0.025%
PSE 5(62.5%) 11 (61.1%) 3 (20.0%) ' '
EDUCATION
PGE 2 (25.0%) 1(5.6%) 9 (60.0%)

“Fisher’s Exact Test, *significant at P < 0.05 (PE-Primary Education; PPE-Post Primary Education; PSE-Post
Secondary Education; PGE-Post Graduate).

Table 2. Comparison of frequency distribution of developmental milestones within the
group using chi-square.

ASD Cp NC
VARIABLES RESPONSE X P-value
(N=8) (N=18)  (N=15)
STABLE YES 8(100%) 11 (61.1%) 15 (100%) X
9.390 0.003*
NECK NO 0(0.0%)  7(38.9%)  0(0.0%)
YES 8(100%) 11 (61.1%) 15 (100%
SITTING (100%) (61.1%) (100%) 9.390% 0.003*
NO 0(0.0%)  7(38.9%) 0 (0.0%)
YES 8(100%) 11 (61.1%) 15 (100%
CRAWLING (100%) (61.1%) (100%) 9.390% 0.003*
NO 0(0.0%)  7(38.9%) 0 (0.0%)
YES 8 (100% 8 (44.4%) 15 (100%
WALKING (100%) (44.4%) (100%) 1 3 4qr 0.000*
NO 0(0.0%)  10(55.6%) 0 (0.0%)
YES 3(37.5%)  4(222%) 15 (100%
TALKING (37.5%) (22.2%) (100%) 3 yg7e 0.000*
NO 5(62.5%) 14 (77.8%) 0 (0.0%)

*Fisher’s Exact Test, *significant at P < 0.05.

controls. Deduction from these data showed that developmental milestones were
either delayed or impaired in children with ASD and CP compared to control.

Table 3 shows that there were no significant differences in dietary and nutri-
tion patterns of the three groups except for the nutritional supplement which
revealed that 61.1% of children with CP were not taking nutritional supplement
(P < 0.001). The level of education of parents of the children might have influ-
enced administration of supplements towards enhancing the level of nutritional
elements in the children.

Table 4 shows biodata variables among children with ASD, CP and controls.
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Table 3. Comparison of frequency of nutrition/dietary history within the groups using

chi-square.
ASD CP NC
VARIABLES RESPONSE X2 P-val
(N=8) (N=18) (N=15) vate
DAILY 4 (50.09 8 (44.49 5 (33.39
FRUITS AND ( %) ( %) ( %) .
VEGETABLES WEEKLY 3 (37.5%) 8 (44.4%) 9 (60.0%) 1.726 0.849
OCCASIONALLY 1 (12.5%) 2 (11.1%) 1(6.7%)
DAILY 3 (37.7%) 5(27.8%) 0 (0.0%)
NUTRITIONAL WEEKLY 2 (25.0%) 0 (0.0%) 7 (46.7%)

19.520°  0.001*
SUPPLEMENTS OCCASIONALLY 2(25.0%) 2(11.1%) 4 (26.7%)

NONE USERS 1(12.5%) 11(61.1%) 4 (26.7%)

DAILY 5(62.5%) 11 (61.1%) 4 (26.7%)
WEEKLY 090.0%)  0(0.0%) 2 (13.3%)
SEA FOOD 7.829°  0.197
OCCASIONALLY 2 (25.0%) 3 (16.7%) 7 (46.7%)
NONE USERS  1(12.5%) 4 (22.2%) 2 (13.3%)
SUUPLEMENT DAILY 7(87.5%) 18 (100%) 13 (86.7%)
N PREGNANCY  WEEKLY 1(12.5%) 0 (0.0%) 1 (6.7%) 4233 0.252

NONE USERS 0 (0.00%) 0 (0.0%) 1(6.7%)

*Fisher’s Exact Test, *significant at P < 0.05.

Table 4. Comparison of biodata variables within the three group using anova (Mean *

S.E.).
VARIABLES (I?S:DS) (N(iPIS) C&Nfi{SO)L F-VALUE P-VALUE
Child’s age (yrs) 525+0.37 5.47+0.81 7.87 +0.89 2.961 0.064
Mother’s age at birth (yrs)  28.63 £1.59 30.50 + 1.14 30.24 £1.29 0.575 0.567
Father’s age at birth (yrs) 32.88 £1.60 37.22+1.94 34.40+1.097 1.089 0.347
Child’s weight (kg) 1931 £0.61 16.38 £1.81 19.67 +2.22 0.937 0.401
Child’s birth weight (kg) 3.38+0.07 2.86+0.18 2.86%0.23 1.591 0.217

There were no significant differences in children’s age, mother’s age at birth, fa-
ther’s age at birth, children’s birth weight and children’s weight between ASD
and CP. It may therefore be said that there was no disparity in recorded bio data
of the participants which might have influenced the study.

Table 5 shows the comparison of plasma levels of Mg, Ca and Pb in children
with ASD and Control.

The mean plasma calcium and magnesium concentration in children with
ASD were 7.90 = 0.17 mg/dl and 2.44 + 0.07 mg/dl respectively. These were sig-
nificantly reduced when compared to 8.97 + 0.20 and 3.26 + 0.16 mg/dl in con-
trol (P < 0.001; P < 0.002 respectively). Although, the mean plasma lead levels in
children with ASD was increased (7.92 + 1.30 ug/dl) when compared with con-
trol (6.83 + 0.72 ug/dl), the difference was not significant (P < 0.433). Hypocal-
caemia and hypomagnasaemia maybe implied from this results.

Table 6 shows the comparison of plasma levels of Mg, Ca and Pb between

children with CP and Control. The mean plasma calcium and magnesium
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Tables 5. Comparison of biodata variables, trace and toxic metals in asd and control
(Mean + S.E.).

VARIABLES (I\?S:DS) C(CI)\IN;FiO)L t-value P-value
Magnesium (mg/dl) 2.44 +0.07 3.26 £ 0.16 -3.669 0.001*
Calcium (mg/dl) 7.90 £ 0.17 8.97 £ 0.20 -3.616 0.002*
Lead (pg/dl) 7.92 +1.30 6.83 £ 0.72 0.799 0.433

*Significant at P < 0.05.

Table 6. comparison of biodata variables, trace and toxic metals in children with cp and
control (Mean + S.E.).

CpP CONTROL
VARIABLES t-value P-value
(N =18) (N =15)
Magnesium (mg/dl) 2.42 £0.08 3.26 £0.16 —4.966 0.000*
Calcium (mg/dl) 7.26 £ 0.31 8.97 £0.20 —4.439 0.000*
Lead (pg/dl) 10.38 £ 1.45 6.83 £0.72 2.070 0.047*

*Significant at P < 0.05.

concentration in children with CP were 7.26 + 0.31 mg/dl and 2.42 + 0.08 mg/dl
respectively. These were significantly reduced when compared to 8.97 + 0.20 and
3.26 + 0.16 mg/dl in control (P < 0.000; P < 0.000). Unlike in children with ASD,
the mean plasma lead levels in children with CP (10.38 + 1.45 ug/dl) were sig-
nificantly increased when compared with the control (6.83 + 0.72 pg/dl) (P <
0.047). Plumbism may be implied in children with CP with this result.

4. Discussion

Neurological disorders constitute a quarter of the top 20 health conditions lead-
ing to reported disability in about 1 billion people world-wide [13], ASD and CP
are leading amongst these disorders; the prevalence rates is on the increase in
developing countries just as in the developed countries. ASD, a known neurode-
velopmental disorder, is characterized by dysfunctions in social, communica-
tions and repetitive behaviours. Its prevalence is reported to be 1.47% (1 of 68)
in Americans [5] and 2.3% in Nigerian children [7]; the upsurge of the disorder
in recent time has been of concern due to its undefined pathophysiology. There
is therefore a growing interest in understanding the pathophysiology of the im-
plication of environmental pollutants and micronutrients status in the aetiology
of ASD. Cerebral palsy is a static neurologic condition resulting from brain in-
jury that occurs before cerebral development is complete. Because brain devel-
opment continues during the first two years of life, cerebral palsy can result from
brain injury occurring during the prenatal, perinatal, or postnatal periods [12].
This study was designed to determine the plasma levels of Ca, Mg and Pb in
these neurodevelopmental disorders (ASD and CP) towards assessing their

possible contribution in the aetiopathogenesis of these disorders.
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The significantly decreased level of magnesium observed in children with
ASD and CP when compared with control in this study may be associated with
gross abnormality in axon development and stabilization. Magnesium is an es-
sential mineral that is necessary for the health of every cell in the body, including
the proper functioning of brain and muscle cells. It is a macro element asso-
ciated with axon development and stabilization. Amongst the known functions
of axons in neural transmission is impulse carriage which ensures transmission
of signals from one neuron to the other [14]. Although calcium is the element
that regulates transmission of electrical signals in nerves, it’s been reported that
magnesium regulates entrance of calcium into the nerve cells [15]. Hence, a re-
duction in the level of Mg as observed in this study may be an impediment in the
transmission of signals the manifestation of which may be the characteristic re-
petitive behaviour in children with ASD. Reports have shown that the earliest
manifestations of magnesium deficiency are usually neuromuscular and neu-
ropsychiatric disturbances [14]. Previous reports have also shown that magne-
sium protects cells from toxic metals and oxy-radical damage while assisting in
the absorption and metabolism of vitamins C and E which are anti-oxidants
important in cell protection [16]. Therefore, the consequence of a reduced level
of Mg may include disturbance in the absorption of some of the other essential
metals that may be needed for the basic functions of the neuron. Although, there
are limited number of works on trace metals levels in neurodevelopmental dis-
orders generally, most work on ASD were on hair and nail. In a similar study by
Marlowe et al. (1983) [17], a significantly lower level of magnesium in the hair of
autistic children was reported. However, the study by Melendez et al. (2013) [18]
that reported a low serum magnesium level in ASD compared to reference value
was similar to finding in this study.

On the other hand, the protective effect of Mg on the preterm neonatal brain
particularly against CP may be inferred from studies on tocolysis. Previous stu-
dies showed that infants born to mothers given magnesium sulphate to prevent
eclamptic seizures or as tocolysis showed a reduction in rates of cerebral palsy
[19] [20]. The role of magnesium as a neuroprotective element in the develop-
ment of CP may therefore be imperative; hence, the markedly reduced Mg level
which was observed in children with CP and ASD may be prognostic of these
neurodevelopmental disorders.

Also, the reduced Calcium level found in both children with ASD and CP in
comparison to the controls may be as a result of reduced magnesium levels since
both metals are known to be mostly interdependent in their activities [15]. Cal-
cium regulation has been known to play a major role in neurodevelopment and
synaptic plasticity [21]. It is crucial for the transmission of electrical signal along
the nerves hence a reduction in calcium level may precipitate abnormality in
signal transmission along the nerves and the developing neurons. The abnor-
mality in the developing neuron will largely manifest as an abnormality in neu-

rite outgrowth, a section of the neuron crucial for neural transmission; this may
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explain the repetitive behavior in children with ASD. The tendency for this de-
velopment may be due to the function of extracellular calcium-sensing receptor
(CASR) present in the brain which is responsive to prevailing levels of extracel-
lular calcium [22]. Thus, chronic or intermittent hypocalcemia in the patients
may have a deleterious effect on neurite outgrowth and synaptogenesis, which
may predispose these patients to neurodevelopmental alterations that ultimately
manifest as neuropsychiatric sequela. Although the mechanism is unknown,
previous workers have reported accumulating evidence for a causal role of cal-
cium dysregulation in ASD. Such works clearly implicate calcium dysregulation
as one of the most prominent biological factors in neurodevelopmental disorders
risk when both genetic and environmental factors are considered [23] [24].

Lead level found in this study was increased in children with neurodevelop-
mental disorders compared to controls. Sources of exposure of the participants
in this study to lead may be dust from the environment; this was amply demon-
strated by the analysis of the questionnaire which showed that 37.5% (ASD) and
77.4% (CP) of the participants have their house situated on an untarred road.
Tong and others (2010) reported that sources of exposure to lead include leaded
gasoline, leaded paint, dust and soil contaminated with lead, water carried in
lead pipes, industrial emissions or occupational exposures [25]. Lead (Pb**) has
been shown to induce cognitive and behavioral deficits in children and adult
with elevated levels of exposure resulting in a distinct neurological effects, with
different brain targets and modes of action [26] [27]. Children are more vulner-
able to air-borne metallic lead than adults since their respiration and metabolic
rates are higher than in adults [13] (WHO, 2011), the toxic effect is thus more
pronounced in children where it interferes with the normal development of a
child’s brain and nervous system. Previous studies done on hair reported in-
creased lead levels in ASD compared to controls [9] [12] [27] just as it has been
observed in this study that lead levels in ASD was higher than in control. The
higher preponderance of Pb level in children with CP in comparison to those
with ASD may be inferred from the residential locations of the children as de-
duced from the questionnaire. It could be seen that a greater percentage of
children with CP lived nearer untarred road. Overall, exposure to Pb observed in
this study agreed with other studies [28] [29] [30] [31]. They all reported in-
creased blood lead levels in children with ASD. Secondly, calcium has also been
reported to be selectively displaced by lead when the latter is in excess [32];
hence, the increased lead level in this study may be precipitated by the hypocal-
caemia earlier observed in children with ASD and CP in this study. Nutritional-
ly, children with ASD displayed lower levels of the essential elements calcium,
copper, magnesium and selenium [33]. Since autistic children display poor eat-
ing habits; the low tissue levels may be explained by an inadequate nutritional
intake.

The pathophysiology of ASD may also be due to increased blood lead level

observed in this study which has been implicated in disturbance in the redox ac-
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tivity of the brain. This is because increased blood lead level has been reported to
have a variety of effects on synaptic mechanisms and structures resulting in for-
mation of reactive oxygen species, speeding mitochondrial self-destruction
through formation of the permeability transition pore, and priming activation of
programmed cell death processes [31]. Increased blood level also interferes with
neurotransmitter release, disrupting the function of GABAergic, dopaminergic,
and cholinergic systems [31]. It has also been suggested that children with ASD
show greater concentration of potentially toxic metal Pb in tissue; this may be
the result of a greater ability to accumulate toxins, which in turn leads to an al-
teration of biochemical processes. It may therefore be inferred that children with
neurodevelopmental disorders particularly ASD and CP may have problems

with the chemical pathway that allows them to detoxify metals [15].

5. Conclusion

Based on the results of the present study it may be concluded that the levels of
Mg and Ca which are essential macro metals were reduced and toxic metal (Pb)
was increased in neurodevelopmental disorders as manifested in children with
ASD and CP. Comparatively, there was an inverse relationship between the level
of toxic metals and the essential macro elements; the ratio is more severe in CP
than in ASD. The study thus suggests that the toxic effect of lead and reduced
levels of the macro elements Ca and Mg may be prognostic of these neurodeve-

lopmental disorders.
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