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Abstract Trace elements are essential components of
biological structures, but alternatively, they can be toxic at
concentrations beyond those necessary for their biological
functions. Changes in the concentration of essential trace
elements and heavy metals may affect acute hemorrhagic
stroke. The aim of this study was to measure serum levels
of essential trace elements [iron (Fe), zinc (Zn), manganese
(Mn), copper (Cu), and magnesium (Mg)] and heavy
metals [cobalt (Co), cadmium (Cd), and lead (Pb)] in
patients with acute hemorrhagic stroke. Twenty-six
patients with acute hemorrhagic stroke and 29 healthy
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controls were enrolled. Atomic absorption spectropho-
tometry (UNICAM-929) was used to measure serum Fe,
Cu, Pb, Cd, Zn, Co, Mn and Mg concentrations. Serum Cd,
Pb and Fe levels were significantly higher in patients with
acute hemorrhagic stroke than controls (p < 0.001), while
serum Cu, Zn, Mg and Mn levels were significantly lower
(all p < 0.001). However, there was no significant differ-
ence between the groups with respect to serum Co levels
(p > 0.05). We first demonstrate increased Cd, Pb, and Fe
levels; and decreased Cu, Zn, Mg, and Mn levels in
patients with acute hemorrhagic stroke. These findings may
have diagnostic and prognostic value for acute hemor-
rhagic stroke. Further studies are required to elucidate the
roles of trace elements and heavy metals in patients with
acute hemorrhagic stroke.

Keywords Acute hemorrhagic stroke - Trace element -
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Introduction

Stroke is recognized as a leading cause of death and severe
neurological disability across the world (No authors listed
1990). Ischemic and hemorrhagic stroke are the two pri-
mary subtypes of stroke (Adams et al. 1993). A stroke
occurs when blood vessels that deliver oxygen to the brain
either rupture or become clogged, causing brain cells/
neurons to die (Demirdogen et al. 2009). Acute stroke must
be considered an emergency of the highest priority. Early
brain imaging is essential to discriminate between ischemic
and hemorrhagic stroke (Lichy and Hacke 2010). Several
conventional risk factors, such as hypertension, diabetes,
and genetic factors, have been identified in the etiopatho-
genesis of stroke (Benmoyal-Segal et al. 2005).
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Trace elements at optimal levels are required for
numerous metabolic and physiological processes in the
human body (Mertz 1981). Moreover, trace metals have
important influences on brain development and function
(Hickenbottom and Grotta 1998). Zinc (Zn), copper (Cu),
and manganese (Mn) are important cofactors for several
enzymes that play a role in maintaining DNA integrity
(Mabhabir et al. 2007; Leach 1971). Cu, Zn, and Mn also act
as antioxidants (Shenkin 1997). Moreover, Fe metabolism
plays a key role in maintaining normal brain function. Fe is
the most abundant transitional metal in the brain, and the
brain has higher Fe content than most organs (Moos 2002).
Fe is essential for normal neuronal function and activity.
The synthesis of several neurotransmitters is Fe-dependent
(Beard et al. 1993). On the other hand, magnesium (Mg) is
the fourth most abundant cation in the body and plays a
pivotal role as an enzyme cofactor in biosynthesis of pro-
teins and mineral administration. Its metabolism is con-
nected with bone health, as it is indispensable for
osteogenesis and mineralization of bones (Rahnama and
Marcmiak 2002).

The essential trace element cobalt (Co) is an integral
part of vitamin Bj,, which is essential for folate and fatty
acid metabolism (Anderson et al. 1992). On the other hand,
cadmium (Cd) is one of the most dangerous occupational
and environmental toxins. It is found in drinking water,
atmospheric air, and even food. Products of vegetable
origin are the main carrier of Cd compounds in food
(Klos 2001). Furthermore, lead (Pb) increases oxidative
stress, affects endothelial function, promotes inflammation,
downregulates nitric oxide production, and induces renal
dysfunction (Sokolov et al. 2002).

Several studies have assessed trace elements such as Zn,
Fe, and Cu in cerebral hemorrhage and stroke patients, but
the results have been inconsistent (Munshi et al. 2010;
Uza et al. 1995). However, to the best of our knowledge,
serum levels of heavy metals have not previously been
evaluated in patients with acute hemorrhagic stroke.

The aim of this study was to measure the serum levels of
essential trace elements (Fe, Zn, Mn, Cu, and Mg) and
heavy metals (Co, Cd, and Pb) in patients with acute
hemorrhagic stroke.

Materials and Methods

Subjects

Twenty-six patients (12 females and 14 males) with acute
hemorrhage stroke and 29 healthy volunteers (14 females
and 15 males) were enrolled in this prospective study.

Patients admitted to the emergency department were
examined neurologically, and they were assessed using the
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Glasgow Coma Scale (Teasdale and Jenett 1974). The
diagnosis was also confirmed via brain computerized
tomography.

Patients were examined neurologically. All hemorrhagic
stroke patients were treated similarly in the emergency
department. The treatment provided depended on the
preservation of vital functions and the brain. The intra-
cranial pressure was stabilized by administering intrave-
nous mannitol or furosemide.

The control group was selected from 29 healthy volun-
teers (14 females and 15 males). All of the control subjects
were asymptomatic with unremarkable medical histories
and normal physical examinations. All of the control sub-
jects were nonsmokers.

The study protocol was conducted in accordance with
the Declaration of Helsinki as revised in 2000 and was
approved by the local ethics committee. All of the subjects
were informed about the study, and written consent was
obtained from each one.

Exclusion Criteria

Exclusion criteria included a history of alcohol abuse,
habitual smoking, intravenous drug abuse, pregnancy, use
of antioxidant supplements, hypertension, diabetes melli-
tus, liver or renal disease, rheumatoid arthritis, pulmonary
disease, and coronary artery disease.

Blood Samples

Blood samples were collected before treatment and were
immediately stored at 4 °C. Serum samples were then
separated from the blood cells by centrifugation at
3,000 rpm for 10 min. Serum samples prepared for mea-
surement of trace element levels and heavy metals were
maintained at —80 °C until they were used.

Measurement of Trace Elements in Serum

Serum concentrations of Zn, Cu, Fe, Cd, Pb, and Mn were
determined via atomic absorption spectrophotometry using
a UNICAM-929 spectrophotometer (Unicam Ltd, York
Street, Cambridge, UK).

Statistical Analysis

The results were expressed as the mean * standard
deviation. Parametric variables were compared using
Student’s ¢ test. Qualitative variables were assessed using
Chi square tests. The results were considered to be sta-
tistically significant when the p value was <0.05. The data
were analyzed using SPSS® for Windows Version 11.0
software.
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Table 1 Demographic characteristics of the two groups in this study

Parameters Patients (n = 26) Controls (n =29) p
Age (years) 44+ 6 41 £ 3 0.211
Sex (female/male) 12/14 14/15 0.805

Values are mean & SD

Table 2 Serum iron, copper, lead, cadmium, zinc, cobalt, manga-
nese, and magnesium levels of the two groups in this study

Parameters Patients (n = 26) Controls (n = 29) P

Fe (pg/dl) 0.63 + 0.09 0.17 £ 0.06 0.001
Mg (ng/dI) 10.70 £ 0.97 24.56 £+ 1.96 0.001
Mn (pg/dl) 0.11 + 0.02 0.27 £ 0.04 0.001
Zn (pg/dl) 0.13 + 0.02 3.17 £ 0.74 0.001
Pb (pg/dl) 0.98 £ 0.11 0.28 + 0.10 0.001
Cd (pg/dl) 0.06 + 0.02 0.01 £ 0.01 0.001
Co (ug/dl) 0.31 + 0.22 0.36 + 0.19 0.414
Cu (pg/dl) 2.82 + 0.58 5.58 £ 1.57 0.001

Values are mean £ SD

Fe Iron; Cu Copper; Pb Lead; Cd Cadmium; Zn Zinc; Co Cobalt;
Mn Manganese; and Mg Magnesium

Results

The demographic characteristics of the patients with acute
hemorrhagic stroke and the controls are shown in Table 1.

There were no significant differences between the
groups with respect to age and gender (p > 0.05) (Table 1).

Serum Cd, Pb, and Fe levels were significantly higher in
patients with acute hemorrhagic stroke than in controls
(p < 0.001), while serum levels of Cu, Zn, Mg, and Mn
were lower in patients with acute hemorrhagic stroke than
in controls (all p < 0.001). However, there was no signif-
icant difference between the groups with respect to serum
Co levels (p > 0.05) (Table 2).

Discussion

The goal of this study was to investigate the serum levels of
essential trace elements and heavy metals in patients with acute
hemorrhagic stroke. To our knowledge, this is the first study to
investigate serum levels of essential trace elements and heavy
metals in patients with acute hemorrhagic stroke. We found
that serum levels of Cd, Pb, and Fe were significantly higher,
but that serum levels of Cu, Zn, Mg, and Mn were significantly
lower in patients with acute hemorrhagic stroke than in con-
trols. However, there was no significant difference between the
groups with respect to serum Co levels.

Imbalance in the levels of trace elements increases the
risk of cerebrovascular disease, particularly in patients with

ischemic stroke. Moreover, certain trace elements are
necessary for maintaining various aspects of neuronal and
glial metabolism. Recently, Zangieva et al. (2013) dem-
onstrated the importance of Mg, Zn, Mn, and Cu for the
support of nervous tissue function.

To the best of our knowledge, very little is known about
trace element concentrations in cerebral hemorrhage
patients (Uza et al. 1995). Uza et al. (1995) reported that
cerebral hemorrhage patients have lower levels of Zn than
controls. In our study, we found that the decreased levels of
Zn in patients with acute hemorrhagic stroke compared to
healthy controls, which was consistent with the current
literature (Uza et al. 1995).

Uza et al. (1995) also demonstrated that cerebral hem-
orrhage patients have higher serum Cu levels. In addition,
Altamura et al. (2009) reported that Cu levels were ele-
vated in the serum of patients with ischemic stroke. In
contrast, we found that the decreased levels of Cu in
patients with acute hemorrhagic stroke compared to heal-
thy controls, which was inconsistent with current literature
(Uza et al. 1995; Altamura et al. 2009).

Munshi et al. (2010) demonstrated that the serum Zn
concentration was lower in stroke patients than in healthy
subjects. We found that serum levels of Zn were signifi-
cantly lower in patients with acute hemorrhagic stroke than
in controls. In that study, however, Munshi et al. (2010)
reported that no significant differences were detected in
serum levels of Cu, or Fe of stroke patients compared to
healthy controls (Munshi et al. 2010). In our study, we
found that acute hemorrhagic stroke patients appear to have
higher Fe levels and lower Cu levels than healthy controls.

Muir and Lees (1995) investigated those serum levels of
Mg in patients with intracerebral hemorrhage, as well as
patients with neurological diseases. We found that serum
Mg levels were significantly lower in patients with acute
hemorrhagic stroke than in controls.

Millan et al. (2007) reported that increased body Fe
stores are associated with poor outcome after thrombolytic
treatment of acute stroke. Pérez de la Ossa et al. (2010)
investigated that whether high serum levels of ferritin are
associated with poor outcome in patients with intracerebral
hemorrhage.

Several investigators have measured the concentrations
of some trace elements in patients with Parkinson’s disease
and Alzheimer disease (Dexter et al. 1989). Dexter et al.
(1989) found increased Fe concentrations in the substantia
nigra of patients with Parkinson’s disease. On the other
hand, Forte et al. (2004) reported that the serum level of Fe
was normal in patients with Alzheimer disease.

Some studies suggested that serum Cu levels were
normal in patients with Parkinson’s or Alzheimer disease
(Forte et al. 2004; Wenstrup et al. 1990). In addition, in
another study of Dexter et al. (1992) reported an increase in
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Zn levels in substantia nigra, lateral putamen, and caudate
nucleus in Parkinson’s disease patients.

In humans, Mn, Fe, Cu, and Zn fulfill decisive functions
to maintain human health. Zn, Fe, Mn, and Cu are essential
micronutrients incorporated into many metalloenzymes
and proteins involved in cell metabolism, production of
neurotransmitters, and regulatory pathways controlling
oxidative stress (Tapiero et al. 2003). Excessive accumu-
lation or depletion of trace elements may have significant
clinical implications, including increased risk of cardio-
vascular disease, immune deficiency, cancer, and bone
disease (Fraga 2005). To cause physiological or patho-
physiological effects in the brain, the metals must either
traverse the blood-brain barrier to act directly on the
neurons or glial cells, or alternatively, they could have an
indirect effect. Trace elements might also have indirect
effects by influencing the transport or regulation of other
substances at the blood-brain barrier. (Bradbury 1992)

Fe is an essential trace element for all organisms that is
crucial for normal cell function, and its deficiency, or
excess is associated with several disease states. It is known
that excess Fe and Fe deficiency also lead to oxidative
DNA damage (Dayani et al. 2004).

Mn is essential for normal physiologic function in
humans and animals, but is toxic at higher levels of
exposure (Bureau et al. 2002). Mn also plays a role in the
free radical scavenging activity of superoxide dismutase
(SOD).

Cd is a dangerous occupational and environmental toxin
that accumulates in humans primarily in the liver and the
kidneys (Kowalczyk et al. 2003).

Cu is an essential element that plays a role in the pro-
duction of hemoglobin, myelin, collagen, and melanin
(Aggett 1999). Recent evidence also suggests that adequate
uptake of Cu is necessary for normal immune function
(Ertekin et al. 2006). Cu deficiency affects various physi-
ological functions that may be important in the immuno-
logical defense to pathogenic challenge (Stabel et al. 1993).
Cu also functions as a cofactor of SOD and catalase in the
antioxidant redox system. (Ozkaya et al. 2011; Kayan et al.
2010) However, Cu is also a highly toxic metal that has
been associated with several neurodegenerative disorders
(Levenson 2005). Moreover, high blood Cu concentration
is thought to be an independent risk factor for cardiovas-
cular disease (Kang 2011).

Zn is an essential nutrient that is a component of several
metalloenzymes (Cartwright and Wintrobe 1964). In
addition, Zn plays an important role in brain metabolism
and has antioxidant and anti-inflammatory properties in the
brain (Arslan et al. 2011), protecting cells from free radical
injury. Moreover, Zn plays an anticarcinogenic role by
stabilizing the structure of DNA, RNA, and ribosomes
(Wu et al. 2004). Zn deficiency has been implicated as an

@ Springer

explanation for the central nervous system (CNS) symp-
toms in liver cirrhosis, fetal alcohol syndrome, malab-
sorption, and acrodermatitis enteropathica. Low serum or
plasma concentrations of Zn have been found in patients
with multiple sclerosis and in chronic alcoholics with liver
disease. High concentrations of Zn have been found in
patients with multiple sclerosis and Pick’s disease (Dexter
et al. 1993).

Organisms have developed mechanisms to utilize vital
trace elements such as zinc and copper, while minimizing
the toxic influence of heavy metals such as Cd and Pb
(Solioz et al. 1994).

Pb serves no useful function in the human body, and its
presence in the body can lead to toxic effects. Recent
research appears to indicate that even a low level of Pb
exposure has a number of negative consequences on health.
These consequences include impairment of renal tubular
cell function, inhibition of sperm formation, fetal damage,
slowing of motor nerve velocity, CNS dysfunction,
hypertension, and other cardiovascular diseases (Meller
et al. 1992). Pb is an indicator of oxidative stress and
affects endothelial function, promotes inflammation,
downregulates nitric oxide production, and induces renal
dysfunction (Lustberg and Silbergeld 2002). Pb has been
shown to permeate the blood-brain barrier. A high Pb level
in the human body may lead to irreversible damage to the
CNS (Donma and Donma 2002).

Physiological doses of Cd increase endothelial perme-
ability via DNA damage-induced inhibition of endothelial
proliferation and cell death induction (Messner et al. 2009).
Cd is a ubiquitous toxic heavy metal and, unlike organic
compounds, it is not biodegradable, and has a very long
biological half-life (Donma and Donma 2002). Based on
data from animals and humans, soon after Cd exposure, Cd
in blood is present in plasma, whereas later, it becomes
bound to erythrocytes (Nordberg 1978). Cd exposure may
induce lipid peroxidation in the heart, the lungs, the liver,
and the spleen (Manca et al. 1994), as well as increase
oxidative stress in tissues (Kirchvink et al. 2006). Cd is an
established toxic and carcinogenic heavy metal (Nawrot
et al. 2002). Although Cd does not generate free radicals
directly, it may contribute to the formation of reactive
oxygen species indirectly. Cd has also a role in the inhi-
bition of gene expression and signal transduction (Wais-
berg et al. 2003).

Co is a natural element found throughout the environ-
ment. Co is known to perform a vital role in hemoglobin
biosynthesis and is an integral part of vitamin B;,, which is
an essential for folate and fatty acid metabolism (Anderson
et al. 1992). Excess Co in the body is characterized by
polycythemia (Atasoy et al. 2011). Co may also induce
DNA damage and mediate free radical generation (Jomova
and Valko 2011).
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There were several limitations in the present study. First,
this study is cross-sectional in nature. Second, the number
of patients with acute hemorrhagic stroke who were
included in the study was relatively small, and a larger
sample size would have increased the power to detect
differences in serum levels of essential trace elements and
heavy metals in patients with acute hemorrhagic stroke.
Third, serum levels of essential trace elements and heavy
metals levels were not measured after treatment in patients
with acute hemorrhagic stroke.

In conclusion, we demonstrate that the increased serum
levels of Cd, Pb, and Fe and decreased serum levels of Cu,
Zn, Mg, and Mn in patients with acute hemorrhagic stroke.
These findings may have diagnostic and prognostic value
for acute hemorrhagic stroke. Further studies are needed to
elucidate the roles of trace elements and heavy metals in
patients with acute hemorrhagic stroke.
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