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Abstract

Background: The measurement of trace elements in human body has proved to be of great use in the evaluation of human health
and the diagnosis of various diseases. No light, however, has been shed on these elements where they concern the human intelli-
gence.
Objectives: The goal is to make a comparison between the students with a lower IQ and those having an ordinary IQ in terms of the
amount of zinc and copper as two trace elements.
Methods: This is a case-control study and the subjects as the patients were chosen from mentally retarded students having no par-
ticular diseases. The sample size for the patient and control was 30 for each. The hair samples of the experimental group and the
ordinary students (the control group) were digested with concentrated HNO3 after being washed with water and acetone. After be-
ing digested, the values of zinc and copper in the samples were measured with atomic absorption spectroscopy. The obtained data
were analyzed using SPSS-15 via two independent sample tests of significance tests.
Results: The levels of zinc in the hair of students with lower IQ was shown to be 141.70 ± 88.56 µg/g and 198 ± 90.90 µg/g for that
of the ordinary students (P = 0.01). The copper level for the samples of the experimental group was 11.90± 3.97µg/g and 13.23± 3.97
µg/g in that of the control group, indicating no significant difference (P = 0.18) between the two groups.
Conclusions: The findings suggest that improving nutrition with zinc supplements may help enhance the development of learning
and education in the students with lower IQ.
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1. Background

By definition, essential elements are metabolic and
functional food in gradients that are necessary for the sus-
tenance of life [1]. Measuring of these elements can be use-
ful in assessing the human health and in the diagnosis of
various diseases [2]. The knowledge of trace element levels
is of great significance in regards with the understanding
of children’s growth and development [3].

Cognition refers to the mental processes which are in-
volved in knowledge acquisition and their integration into
responses such as learning, attention, memory, IQ and con-
sciousness [4]. Trace elements involvement in metabolic
processes and oxidation-reduction reactions in the central
nervous system (CNS) might have some effect on cognitive
function [5]. Among these trace elements are zinc and cop-
per. Zinc is essential for growth and development. Inter-
mediary metabolism, immunity, DNA metabolism and re-
pair, reproduction, taste, vision, and cognition/behavior
can be referred to as examples of functions which require
zinc [6]. In a study was found that the use of zinc supple-

ments in middle-aged and old women in 15 - 30 mg daily
(at 3 months only) can improve their understanding and
memory performance [7]. On the other hand in autism
children the hair concentration of zinc was lower [8].

Copper is considered as an essential component of
many enzymes (e.g. cytochrome oxidase, superoxide dis-
mutase (SOD)) and a coenzyme. Copper deficiency results
in hematological deficiencies, bone and joint abnormal-
ities and psychomotor retardation [9]. Cu and Zn play
an important role in the proper functioning of the whole
body, including the central and peripheral nervous system.
Lower serum concentration of Zn and higher Cu/Zn ratio in
multiple sclerosis (MS) patients can suggest the relation-
ship between MS and trace elements [10] and the mean val-
ues of Zn and Cu concentrations of hair in patients with
Epilepsy were decreased in compared with control groups
[11]. Mean plasma zinc values were significantly lower in
criminal schizophrenic patients when compared to non-
criminal schizophrenic patients, while mean serum cop-
per values were significantly higher in criminal subjects
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than noncriminal subjects [12].
Hair trace mineral analysis has been scientifically

proven to be useful in the evaluation of general state of nu-
trient and health [3]. Also evaluation of the trace elements
in the hair can be useful in the diagnosis of diseases such as
cancer, check poisoning in humans when exposed to high
doses of these elements and examination of malnutrition
[1, 13]. In addition, hair samples can be easily collected and
conveniently stored [14]. Thus In this study, we examined
the status of zinc and copper in hair of students with lower
IQ who have no history of genetic disease and hereditary as
compared to that of ordinary students.

2. Methods

2.1. Hair Collection

This is a case-control study. A total of 60 hair samples
were collected from the female students of the age group 9
- 13, not including colored or treated hair. The experimental
group consisted of 30 students with a low IQ and no history
of genetic diseases studying in Rahmat special school in
Urmia, Iran. The control group included 30 students with
a regular IQ level (ordinary students) from different state
school in Urmia, Iran. All the students’ consent forms were
signed by legal representatives to authorize sample collec-
tion. The length of hair samples cut was 1 - 2 cm. Stainless
steel scissors were used to cut the hair samples from the
nape of the neck close to the occipital region. The samples
were kept in plastic bags.

2.2. Sample Preparation

The samples were cut into smaller pieces in the labora-
tory with a sterile surgical scalpel, to enhance the washing
procedure carried out as recommended by Varrica [15], fol-
lowing the sequence acetone-water-water-water-acetone.
More specifically, hair samples were immersed in 20 mL of
acetone (Merck, Germany) and 20 mL demineralized water
(Tanso, Binazir Karan, Iran) and stirred, each time, in an ul-
trasonic bath for 15 minutes. The washed samples were in-
dividually placed in glass beakers and dried for 24 hours at
40°C in a drying oven, and then weighed. A total of 3 mL
of HNO3 (Suprapur, Merck, Germany) was added to about
150 mg of washed hair sample and digested for 24 hours
in teflon vessels, at room temperature. Digestion was then
completed by adding 500 µL of H2O2 (Suprapur, Merck,
Germany) for an additional 24 hours. After digestion, the
solutions were diluted by the addition of demineralized
water to reach a volume of 25 mL. Stock standard solutions
of zinc and copper (1000 mg/L) (Sigma-Aldrich) were used
for preparing of the standard solutions with the deminer-
alized water.

2.3. Measurement

Trace element determinations were carried out with
an atomic absorption spectrophotometer (PG990, United
Kingdom) at the Department of biochemistry, faculty of
medicine, Urmia University of medical sciences. All of the
processed samples and reference materials were analyzed
in duplicate.

2.4. Statistical Analysis

The data was analyzed by a statistics specialist with
SPSS 15.The statistical method used was ‘two independent
sample test of significance’ and the P Value of 0.05 and less
was considered as significant.

3. Results

In this study, the concentrations of zinc and copper
were measured for both the experimental and control
groups. The level of zinc was 141.70 ± 88.56 (Mean ± SD)
µg/g in the samples of the experimental group and 198 ±
90.90µg/g in that of the control group as shown in Table 1.
The copper level measured for the experimental group was
11.90 ± 3.97 µg/g while it was 13.23 ± 3.97 µg/g for the con-
trol group as shown in Table 1. The analysis of the data ob-
tained, intriguingly, showed that the concentration of zinc
was significantly different between the hair samples of the
lower IQ students and the regular students (P = 0.018). It
also was found that in terms of the copper levels, there was
no significant difference between the hair samples of the
two groups (P = 0.18) as shown in the Table 1.

4. Discussion

The current study examines the lower IQ students hav-
ing no particular diseases studying in the special schools in
terms of the levels of zinc and copper. Our results showed
that the level of zinc in these students is lower than that of
the ordinary students. Zinc is a trace element important
for neurogenesis, neuronal growth, synaptogenesis, and
neurotransmission [6]. A deficiency of zinc may not only
lead in poor cognitive performance, but also cause some
alteration in attention, activity, neuropsychological behav-
ior and motor development [16, 17]. A class of glutaminer-
gic neurons store zinc in specific synaptic vesicles which
is released as a neuro-modulator in an activity-dependent
manner [18]. Synaptic plasticity indicates the presence of
high zinc concentration at synapses which is critical for
learning and memory [19]. The roles of zinc in central ner-
vous system include: a, the involvement of zinc - depen-
dent enzymes in brain growth; b, the participation of zinc -
finger proteins in brain structure and neurotransmission;
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Table 1. The Levels of Zinc and Copper Concentration in Hair of Control and Patients Groups (N = 30)a

Element in hair, µg/g Control Group Patient Group Levene’s Test for Equality of Variances T-Test for Equality of Means

F Sig. T df Sig. (2-tailed)

Zn 198 ± 90.90 141.70 ± 88.56 0.13 0.72 -2.43 58 0.018b

Cu 13.23 ± 3.97 11.90 ± 3.97 0.26 0.60 -1.33 58 0.18

a Values are expressed as mean ± SD.
b A significant difference (P < 0.05) between patient and control groups.

c, the involvement of zinc - dependent neurotransmitters
in brain memory function; d, the involvement of zinc in
the precursor production of neurotransmitters; e, the role
of metallothionein-III as a protein that binds zinc in neu-
rons [20]. It is also responsible for the movement of zinc
from the cytoplasm into synaptic vesicles [16]. Children
with ADHD (attention deficit hyperactivity disorder) have
been shown to have lower levels of zinc and copper in both
hair and serum as compared to the normal children in con-
trol groups [21] so zinc deficiency has an important role in
the pathogenesis of ADHD [22]. On the other hand there
was a statistically significant decrease of serum Zn in men
with MCI (mild cognitive impairment) compared to nor-
mal controls [23]. A significant decrease in the hair con-
centration of Zn in schizophrenic patients than that of its
control group was observed [24]. The amount of zinc in
children with autism spectrum disorders (ASDs) has also
proved to be decreased [25].

Both copper deficiency and copper excess both disrupt
neural function. Copper is of great importance for the nor-
mal development and function of the brain, so that the
value of copper increases in the serum of children with
autism spectrum disorders (ASDs) [25]. Being a structural
component and/or a cofactor of several enzymes, copper
is involved in many physiological pathways in the brain.
The occurrence of pathological anxiety and depression
seems to involve a dysregulation in the NE system. Nora-
drenaline or norepinephrine is the principal sympathetic
neurotransmitter and an important modulator of mood
and attention [26] and copper involves the participation of
enzyme in synthesizes NE [27, 28]. Rats with a deficiency in
copper during development and then repleted with cu for
several months showed altered auditory startle response
and impaired coordination behavior [27]. On the other
hand copper is involved in the activity of cytochrome c
oxidase and it also facilitates brain’s use of oxygen which
consumes a large fraction of the total amount of oxygen
[29]. Therefore copper deficit may predispose the brain
even more susceptible to oxidative stress since defective
cytochrome c oxidase activity may result in increased su-
peroxide production by the respiratory chain and/or im-
paired activity of the copper-dependent superoxide dis-

mutases (SOD) may weaken the antioxidative defense [28].
A deficiency of copper has been proved to be related to
microglial activation in the cerebral cortex and thalamus.
Proinflammatory molecules such as radical oxygen species
and cytokines which are secreted by activated microglia
can ultimately damage oligodendrocytes and growth re-
tardation [30]. Also myelination is a copper dependent
process in CNS [29] and myelin is lost in the neuropathies
of copper deficiency [31].

The increase of copper seems to be effective in the cog-
nitive function. Non-ceruloplasmin bound copper (NCC)
is slightly bound to peptides, albumin, amino acids and,
due to its low molecular weight, is able to cross the brain-
blood barrier [32] so that the increase of plasma copper lev-
els lowers cognitive function [5]. It has been found that
high dietary intake of copper may be associated with accel-
erated cognitive decline [33] as well as the plasma copper
levels in Alzheimer’s patients is higher than that of healthy
people [34] and copper-chelating agents slowed cognitive
decline in Alzheimer’s patients [35]. It is thought that a
brain damage may occur due to the interaction of copper
with copper with amyloid-β (Aβ) peptide which can cause
a b amyloid (b-amyloid) conversion to rouge form, gen-
erating H2O2 and impacts on cognition [5, 32] but in this
study there was no significant changes in copper levels in
patients, as though there is no correlation between serum
copper level and Alzheimer’s patients in Iran [36].

4.1. Conclusion

The present study concludes that impaired learning
could be due to a zinc deficiency, therefore, a nutrition im-
proved with zinc supplements may help the enhancement
and development of learning in students with lower IQ,
though a normal brain function requires the maintenance
of brain cu homeostasis, as well.
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