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Introduction 

Stroke is known as a focal brain defect and it 
occurs suddenly as a result of vascular lesions. 
The factors affecting the pathogenesis of stroke 
has been associated with the high prevalence of 
the disease (1). Ischemic stroke is one of stroke 
type and it is a neurological damage that occurs as 
a result of blockage within the blood vessels that 
supply blood to the brain (2,3). Various           
processes   such as excitotoxicity, oxidative stress,  
 

 
inflammation, blood-brain barrier dysfunction, 
necrosis and apoptosis play an important role in 
the pathophysiology of ischemic stroke. Critically 
reduced cerebral blood flow during cerebral 
ischemia causes insufficient oxygen and glucose 
delivery, thus trigger processes of ischemic stroke 
pathophysiology. Ischemic stroke pathophysiology 
occurs in two stages. A reversible damage occurs 
in the tissue area called ischemic pneumbra, which 
is functionally impaired but structurally intact. 
When the cerebral blood flow decreases, brain 
damage becomes irreversible and brain infarction 

Abstract  

Objective: Ischemic stroke is characterized by loss of focal 
cerebral function due to impaired of brain-blood flow. 
Environmental factors and genetic factors may be effective 
together in the pathogenesis of ischemic stroke. Trace elements 
are important components of the biological structure, and toxic 
effects may occur when these trace elements are taken in more 
than the amount required for biological functions. The risk of 
neurological diseases such as ischemic stroke may increase as a 
result of imbalances in trace element levels. Therefore, the aim 
of this study is to investigate the effects of serum iron and 
copper levels in the development of ischemic stroke disease. 

Materials and Methods: Our study consisted of 20 ischemic 
stroke patients and 36 healthy controls. Serum iron and copper 
levels measurements were performed using atomic absorption 
spectrophotometer method. 

Results: Serum iron and copper levels were detected 
significantly lower in the patient group with ischemic stroke 
compared to the healthy control group. However, the 
significant difference was not determined in comparison of 
serum copper and iron levels according to gender between 
patient with ischemic stroke and healthy control groups. 

Conclusion: In our study, it was determined that serum iron 
and copper levels may be effective risk factors for ischemic 
stroke disease. Thus, it was concluded that serum iron and 
copper trace element levels may be important biomarkers that 
may be evaluated in the diagnosis, prognosis and treatment of 
ischemic stroke. 

Keywords: Ischemic stroke; biomarkers; copper; iron; trace 
elements.  

Özet 

Amaç: İskemik inme, beyin-kan akışının bozulması nedeniyle 
fokal serebral fonksiyon kaybı ile karakterizedir. İskemik inme 
patogenezinde çevresel faktörler ve genetik faktörler birlikte 
etkili olabilmektedir. Eser elementler biyolojik yapının önemli 
bileşenleridir ve bu eser elementler biyolojik işlevler için gerekli 
miktardan daha fazla alındığında toksik etkiler meydana 
gelebilir. Eser element düzeylerindeki dengesizlikler sonucunda 
iskemik inme gibi nörolojik hastalık riski artabilmektedir. Bu 
yüzden, bu çalışmanın amacı iskemik inme hastalığının 
gelişiminde serum demir ve bakır düzeylerinin etkilerini 
araştırmaktır. 

Gereç ve Yöntemler: Çalışmamız 20 iskemik inme hastası ve 
36 sağlıklı kontrolden oluşmaktaydı. Serum demir ve bakır 
seviyeleri ölçümleri atomik absorpsiyon spektrofotometre 
yöntemi kullanılarak gerçekleştirildi. 

Bulgular: İskemik inmeli hasta grubunda sağlıklı kontrol 
grubuna göre serum demir ve bakır düzeylerinin anlamlı 
derecede düşük olduğu belirlendi. Ancak iskemik inmeli hasta ve 
sağlıklı kontrol grubu arasında cinsiyete göre serum demir ve 
bakır düzeyleri karşılaştırıldığında anlamlı farklılık saptanmadı. 

Sonuç: Çalışmamızda serum demir ve bakır düzeylerinin 
iskemik inme hastalığı için etkili risk faktörleri olabileceği 
belirlendi. Böylece serum demir ve bakır eser element 
düzeylerinin iskemik inme tanı, prognoz ve tedavisinde 
değerlendirilebilecek önemli biyobelirteçler olabileceği sonucuna 
varıldı. 

Anahtar Kelimeler: İskemik inme; bakır; biyomarkerlar; demir; 
eser elementler.  
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may be developed (4). Therefore, ischemic stroke 
is a multifactorial disease and genetic and 
environmental factors play together a role in 
ischemic stroke pathogenesis (1-4). Trace elements 
are among environmental factors and they play an 
important role in preventing of neuronal damage 
by protecting the neurons. Also trace elements 
may be effective in correcting of blood flow to the 
ischemic area, increasing of energy and inhibiting 
of hippocampal neurons necrosis (3).  Trace 
elements are important components of biological 
structures and they can become toxic when taken 
above levels required for biological functions. 
Trace element levels in the human body are 
effective in maintaining of homeostasis in 
biological systems (5). Some trace elements are 
very important in maintaining of neurons and glia 
metabolism. Trace elements are among 
environmental factors that play an important role 
in the pathogenesis, diagnosis and treatment of 
ischemic stroke. Imbalances in trace element 
levels has been associated with increased risk of 
ischemic stroke (6). Iron (Fe) and copper (Cu) are 
known as trace elements that can suffer oxidation 
and reduction (7). Imbalances in the levels of trace 
elements such as Fe and Cu can trigger the 
development of ischemic stroke (8).  Fe is vital 
trace element in the body. Oxidative stress may 
develop as a result of Fe accumulation known as 
redox active metal. As a result, cellular death may 
occur associated with oxidative stress (8). 
Significant relationship has been shown between 
high Fe levels and increased risk of 
cerebrovascular attacks (9). Fe accumulation can 
lead to oxidative stress in the brains of patients 
diagnosed with ischemic stroke, thus cellular death 
may be occur (2,10). Fe accumulation in ischemic 
tissues is associated with increased serum hepcidin 
levels due to inflammation and factor 1-alpha 
upregulation due to hypoxia (11). Cu can act as a 
prooxidant and it plays an important role in brain 
tissue thus, it is effective in ischemic stroke 
pathogenesis (8). Cu is an important trace element 
in the proper functioning of enzymes and it is 
effective in Fe metabolism. Cu is involved in 
reactions that can cause the production of reactive 
oxygen species and thus can lead to cytotoxic 
effects (12). The relationship has been reported 
between imbalances in trace element homeostasis 
and metalloid levels in the blood of ischemic 
stroke patients (13,14). It has been reported that 
various trace elements may be effective in the 
pathogenesis of ischemic stroke through 

inflammation and oxidative stress modulation 
(15). It is considered that trace element levels such 
as Fe and Cu may be important risk factors that 
may play an effective role in the pathogenesis of 
ischemic stroke. Therefore, in this study, we 
aimed to investigate the effects of serum Fe and 
Cu levels in the development of ischemic stroke. 
 

 
Figure 1. The flow diagram for the ischemic stroke 
patient and healthy control groups 

Materials and Methods 

For our study, ethics committee approval was 
obtained with the TÜTF-BAEK 2018/269 
protocol code from Trakya University Faculty of 
Medicine Non-Invasive Clinical Research Ethics 
Committee. In addition, signed informed consent 
forms were collected from each individual in the 
ischemic stroke patient and healthy control 
groups. In our study, blood serum has been 
obtained from patients hospitalized at first 7 days 
of ischemic stroke symptom. In this study, trace 
element levels were measured using serum samples 
obtained from peripheral venous blood. The 
ischemic stroke patient group consisted of 
patients diagnosed with ischemic stroke. The 
healthy control group consisted of healthy 
volunteers who were not diagnosed with ischemic 
stroke. Those younger than 19 years of age, 
pregnant and breastfeeding women, those 
diagnosed with any malignancy, and those with 
another neurodegenerative disease were excluded 
from our study. This study is a study involving 
"People" and was conducted in accordance with 
the principles set out in the Helsinki Declaration 
2008. Our study consisted of 20 ischemic stroke 
patients and 36 healthy controls. The mean age of 
the ischemic stroke patient group was 60.450 ± 
14.0131, while the mean age of the healthy control 
group was 58.139 ± 11.5861. The flow diagram 
for the ischemic stroke patient and healthy control 
groups is presented in Figure 1. Determination of 
serum trace element levels by atomic absorption 
spectrophotometer    method    for   serum    trace  
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Figure 2. Concentration-calibration graph for Fe trace element 

 
Figure 3. Concentration-calibration graph for Cu trace element 
 
 
Table 1:  Comparison of clinical parameters between patient group with ischemic stroke and healthy 
control group 

Clinical parameters Patient group (n=20) Control group (n=36) p 

Age (year) 60.450 ± 14.0131 58.139 ± 11.5861 0.510a 

BMI (kg/m2) 27.697 ± 4.6588 27.609 ± 5.1803 0.950a 

Gender (Male/Female) 16 (75.0%)/4 (25.0%) 20 (55.6%)/16 (44.4%) 0.249b 

Hypertension (+/-) 12 (60.0%)/8 (40.0%) 7 (19.4%)/29 (80.6%) 0.005b* 

DM (+/-) 10 (50.0%)/10 (50.0%) 3 (8.3%)/33 (91.7%) 0.001b* 

Cholesterol (+/-) 14 (70.0%)/6 (30.0%) 6 (16.7%)/30 (83.3%) < 0.001b* 

Alcohol (+/-) 1 (5.0%)/19 (95.0%) 13 (36.1%)/23 (63.9%) 0.011b* 
Smoking (+/-) 4 (20.0%)/16 (80.0%) 9 (25.0%)/27 (75.0%) 0.752b 

DM: Diabetes mellitus; BMI: Body Mass Index 
aIndependent Samples Test 
bChi-square Test 
(+/-): Existent/Absent *: Significance (p<0,05) 
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element level measurements, blood obtained from 
patient group with ischemic stroke and from 
healthy control groups, were centrifuged at 5000 
rpm for 5 minutes and serum was obtained from 
the peripheral blood. Distilled water was added to 
the obtained serum samples and total volume was 
completed to 5 ml.  In addition, the total mixture 
was homogenized via vortexing. 0.5, 1, 1.5, 2, 2.5 
ppm (mg/l) standard solutions were prepared for 
trace elements Cu and Fe. Concentration-
calibration graphs were drawn for each element by 
the standard solutions give to atomic absorption 
spectrophotometer (Figure 2, Figure 3). 
Statistical analysis: Independent Samples test 
was used to comparison of age and body mass 
index (BMI) variables between patient group with 
ischemic stroke and healthy control group. Chi-
square test were used to comparison of parameters 
such as gender, hypertension, diabetes mellitus, 
cholesterol, alcohol, smoking between patient 
group with ischemic stroke and healthy control 
group. Mann-Whitney U test was used for 
comparison of serum Cu and Fe levels between 
ischemic stroke patient and healthy control 
groups. Mann-Whitney U test was used for 
comparison of serum Cu and Fe levels in terms of 
gender between patient with ischemic stroke and 
control groups. The results were expressed as 
number (percentage) or mean ± standard 
deviation. Statistical significance was accepted as p 
<0.05. The statistical analysis of the data obtained 
in our study was performed using SPSS 20.0 
(Statistics Package of Social Science) statistical 
program. 

Results 

In our study, the significant difference was 
determined between the ischemic stroke patient 
and healthy control groups in terms of parameters 
such as hypertension, diabetes mellitus, 
cholesterol and alcohol (p<0.05). On the other 
hand, the significant difference was not 
determined between ischemic stroke patient group 
and healthy control group in terms of age, BMI, 
gender and smoking parameters (p>0.05) (Table 
1). Serum Cu and Fe levels were determined 
significantly lower in the ischemic stroke patient 
group compared to healthy control group. The 
significant difference was detected in terms of 
serum Cu and Fe levels between the patients 
diagnosed with ischemic stroke and healthy 
control groups (p<0.05) (Table 2). In addition to, 
serum Cu and Fe levels were determined 

significantly lower in the male and female 
ischemic stroke patient group compared to male 
and female healthy control group. However, the 
significant difference was not detected in 
comparison of serum Cu and Fe levels in terms of 
gender between patient with ischemic stroke and 
healthy control groups (p>0.05) (Table 3).  

Discussion 

Cerebrovascular diseases are known as diseases 
showing glial activation and neuronal damage. 
Various studies have been performed to determine 
biochemical markers in cerebrovascular diseases 
such as ischemic stroke (5,6). Metals are essential 
for normal central nervous system functions and 
play an important role in various biochemical 
processes. There are various enzymes that are 
effective in the synthesis, stability and protection 
of myelin and metals are essential cofactors for 
these enzymes. Basic metals that are necessary for 
maintaining the normal functions of biological 
tissues such as the brain parenchyma are classified 
in two groups as alkaline earth metals and basic 
transition metals.  These metals play an important 
role in various physiological processes such as 
electron and oxygen transport, neurotransmitter 
synthesis, cell adhesion, protein and carbohydrate 
metabolism and immune response. Trace elements 
are transition metals and they are localised in 
protein active sites. They play a role as metabolic 
cofactors for structural and catalytic functions 
(16). Trace elements are among the biochemical 
markers that may be important in the pathogenesis 
of ischemic stroke and they may affect the 
transport and organization of substances in the 
blood-brain barrier (5). Iron plays an important 
role in the functions of the central nervous 
system. The role of iron in the pathogenesis of 
many neurodegenerative diseases has not been 
fully determined. However, degeneration occurs in 
some parts of the brain in various neurological 
diseases such as Alzheimer's disease, Parkinson's 
disease, Huntington's disease, and Friedreich's 
ataxia, and iron accumulation in these regions has 
been reported. Increased total brain iron content 
has been demonstrated in some neurodegenerative 
disorders. Adequate brain iron content is very 
important in normal development. As a result of 
imbalances such as excesses and deficiencies in 
iron content in the central nervous system, motor 
system, neurobehavioral abnormalities and 
neurodegenerative disorders occur (17).  Copper is 
an important   cofactor   of   many   enzymes  and 
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Table 2: Comparison of trace element levels between patient with ischemic stroke and control groups 
 

Trace elements 
Groups p 

 Patient (n=20) Control (n=36)
Serum Cu (µg/dl) 80.6165 ± 29.8666 139.8975 ± 69.2275 <0.001a* 

Serum Fe (µg/dl) 62.5425 ± 14.4758 123.6103 ± 33.9809 <0.001a* 
aMann Whitney U test ,*: Significance (p<0,05) 
Cu: Copper; Fe: Iron 
 
Table 3: Comparison of trace element levels according to gender between patient with ischemic stroke 
and control groups 
 

Trace elements 
Groups / Gender p 

 Patient Male Control Male

Serum Cu (µg/dl) 

15 (75.0073 ± 25.7516) 20 (126.7570 ± 37.7128) 0.432a 
Patient Female Control Female  

0.504a 5 (97.4440 ± 38.0013) 16 (156.3231 ± 94.1425) 

Serum Fe (µg/dl) 

Patient Male Control Male  
0.337a 15 (64.4900 ± 16.0475) 20 (124.9110 ± 33.9353) 

Patient Female Control Female  
0.975a 5 (56.7000 ± 6.0940) 16 (121.9844 ± 35.0789) 

aMann Whitney U test ,*: Significance (p<0,05), Cu: Copper; Fe: Iron 
 
proteins. It plays an important role in various 
biological functions such as respiration, protection 
from oxidative damage, iron metabolism, 
neurotransmitter synthesis, myelination, 
neuropeptide activation. Therefore, copper 
dysmetabolism has been associated with toxic 
effects in relation to oxidative stress. Imbalances 
in Cu levels have emerged in neurodegenerative 
disorders such as Wilson's disease, Menkes' 
disease, Alzheimer's disease, Parkinson's disease, 
Amyotrophic Lateral Sclerosis (18). Trace 
elements are important factors in the protection 
of neurons and the prevention of neuronal 
damage. They are also effective in improving 
blood flow to the ischemic area, increasing energy 
and preventing hypocompal neuron necrosis. 
Copper plays an important role in the regulation 
of enzyme functions and is very effective in iron 
metabolism. Copper can cause cytotoxic effects by 
producing reactive oxygen species. Increased Fe 
levels have also been associated with an increased 
risk of cerebrovascular attacks (19). Fe and Cu are 
trace elements necessary for cellular metabolism, 
they are transmitted to all organs, tissues and cells 
in the body. Excess iron is given to the bone 
marrow, which is necessary for the production of  
hemoglobin. The use of iron in the bone marrow 
is dependent on Cu. During Cu deficiency, 

hemoglobin production is insufficient despite 
normal serum iron levels (20). Various 
neurodegenerative diseases such as Alzheimer's 
disease, Parkinson's disease, amyotrophic lateral 
sclerosis, multi-system atrophy, ischemic stroke, 
prion diseases can occur as a result of the 
impairment of trace element homeostasis. 
Excessive exposure to trace elements has been 
associated with various pathological processes 
such as induction of neurotoxicity, mitochondrial 
dysfunction, impairment of neurotransmitter 
metabolism, oxidative stress induction (16-18). 
Changes in trace element homeostasis have been 
associated with neurodegeneration etiology. 
Abnormal levels of trace elements such as Fe and 
Cu can adversely affect the nervous system 
through induction of reactive oxygen species 
production. Although various studies have been 
performed to investigate the effects of serum trace 
element levels on the development of 
neurodegenerative disorders such as ischemic 
stroke, the mechanism showing the relationship 
between trace element levels and the development 
of ischemic stroke has not been fully explained 
(21). In another study, it was found that Cu plays 
an important role in nerve tissue function (5). In a 
study, serum Cu levels were found significantly 
higher in patients with ischemic stroke compared 
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to healthy controls (5). In another study 
performed with the Iranian population, serum Cu, 
Fe and ferritin levels were detected as important 
risk factors for the development of the disease in 
patients with ischemic stroke (9). In various 
studies, changed Cu levels in nerve tissues were 
shown and this trace element can contribute to 
ischemic stroke (6). In a study performed with 
Russian population, serum Fe levels were 
significantly decreased and Fe levels may be an 
important risk factor for the development of 
ischemic stroke (8). In a study performed with the 
Iranian population, increased serum and urine Cu 
levels were detected as important risk factor for 
the development of ischemic stroke (1). In 
another study, increased Cu concentrations were 
determined in patients with ischemic stroke (14). 
In a study performed with the Indian population, 
decreased serum Fe concentrations were 
determined in patients with ischemic stroke 
compared to healthy controls. However, 
statistically the significant difference was not 
detected in terms of serum Cu and Fe levels 
between ischemic stroke patients and healthy 
control groups (13). In another study, decreased 
serum Fe concentrations were associated with an 
increased risk of acute myocardial infarction and 
ischemic stroke (22). Body homeostasis and 
biological processes can be affected as a result of 
imbalances in trace element levels. These 
imbalances may contribute to the development of 
various neurodegenerative diseases such as 
ischemic stroke. Fe deficiency has been associated 
with decreased blood hemoglobin concentration. 
Thus, tissue oxygen delivery is affected. A 
significant relationship has been reported between 
iron deficiency anemia and the development of 
ischemic stroke (23). Copper deficiency has also 
been associated with low hemoglobin levels and 
low serum iron levels. A full understanding of the 
interaction of Cu and Fe is very important for 
ischemic stroke. Cu and Fe homeostasis in brain 
cells is important. Cu and Fe trace elements can 
accumulate in various cell types in the brain and 
thus lead to pathological conditions that can cause 
oxidative stress-related damage (20). Iron 
deficiency anemia can lead to fatal complications 
and is effective in the development of cerebral 
infarction. Iron deficiency anemia is considered to 
be an important risk factor in ischemic stroke 
without vascular, cardiac or coagulation 
pathologies (24).  In our study, it was determined 
that serum Cu and Fe levels significantly lower in 

patients with ischemic stroke compared to healthy 
controls (p<0.05). The significant difference was 
detected between ischemic stroke patient and 
healthy control groups in terms of serum Cu and 
Fe levels (p<0.05). Also, serum Cu and Fe levels 
were determined significantly lower in the male 
and female ischemic stroke patient group 
compared to male and female healthy control 
group. However, the significant difference was not 
determined in terms of serum Cu and Fe levels 
according to gender between patient with ischemic 
stroke and healthy control groups (p>0.05). In our 
study, the fact that serum Cu and Fe levels were 
determined to be significantly lower in patients 
with ischemic stroke compared to healthy controls 
may be due to iron deficiency anemia. Therefore, 
anemia treatment in patients with or without 
ischemic stroke risk factors is extremely important 
in preventing the development of cerebrovascular 
complications such as ischemic stroke. 

Conclusion 

There are various studies performed with different 
races and populations aiming to investigate the 
roles of trace element levels such as serum Fe and 
Cu in the development of ischemic stroke and 
different results have been obtained in these 
studies. It is thought that the differences in these 
studies may stem from different selection criteria 
and sample size for patient and control groups. 
Important biomarkers such as serum trace element 
levels in the early diagnosis of ischemic stroke 
disease is extremely important in terms of 
developing new strategies in the progression and 
treatment of the disease. As a result, in our study 
with Thrace population of Turkey, significant 
reduction in serum Cu and Fe levels was 
determined as an important risk factor in 
development and progression of ischemic stroke 
disease. In conclusion, more comprehensive 
studies with large populations are needed to 
evaluate together serum Cu, Fe trace element 
levels and parameters associated with anemia in 
ischemic stroke patients. Thus, important 
biomarkers that may be effective in the early 
diagnosis, prognosis and progression of ischemic 
stroke can be obtained and appropriate treatment 
strategies can be developed for ischemic stroke 
disease. 
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