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Abstract: Background: Alzheimer’s disease is the most common form of dementia in the elderly and it’s prevalence 
is rapidly rising. Oxidative stress plays important role in the pathophysiology of Alzheimer’s disease (AD). Metals 
like copper, iron derived through diet can act as pro-oxidant under oxidative stress. Most studies had investigated 
single metals in association with AD and the pathogenesis behind their effect. Therefore, in this study we aimed to 
correlate the levels of the metal ions; iron, zinc and copper with dementia and with each other in the same patient 
which may indicate a common pathway involving more than one ion. Methods: A case-control study was conducted 
on 152 elderly selected from the Geriatric outpatient clinics of Ain Shams University Hospitals. They were 
classified into two groups; 72 AD cases meeting the probable NINCDS ADRDA criteria and 80 elderly sex matched 
controls. Full medical and personal history was taken from the patient or available caregiver. Cognitive function of 
all the participants was screened for presence of cognitive impairment using the Mini Mental State Examination 
(MMSE). Copper, Zinc and Iron levels were measured in serum. Results: The mean age of patients with 
Alzheimer’s disease (AD) was 73.6 ± 9.8 years while the mean age of controls was  65.5 ± 4.75 years with highly 
statistically significant difference. 48.1% of  patients with AD and 62.9% of controls had low copper serum level 
with no statistical significant difference. 50% of patients with AD and 50% of controls had high Zinc serum level 
with no statistical significant difference. Conclusion: The mean age of patients with AD was significantly higher 
than that of the controls and that there is no statistically significant difference between AD and controls as regards 
serum Copper, Zinc and Iron levels. 
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1.Introduction: 

Alzheimer’s disease (AD) is the most prevalent  
form of dementia, which affects more than 37 million 
people worldwide [1].  

Alzheimer’s disease is a progressive 
neurodegenerative disorder of unknown etiology 
characterized by irreversible cognitive and physical 
deterioration. It has become more common not only 
in developed nations but also in developing countries 
as now the population includes more and more old 
persons. Though the exact cause for the disease isn’t 
known, it is closely related to the formation of protein 
deposits (amyloid plaques) and tangled bundles of 
fibres (neurofibrillary tangles) within the cortex [2].  

In AD, metabolic imbalance and the resulting 
oxidative stress are believed to play a major role in 
disease pathogenesis [3]. Multiple lines of evidence 
demonstrate that oxidative stress is an early event in 
Alzheimer’s disease, occurring prior to 
cytopathology, and therefore may play a key 
pathogenic role in AD [4]. 

The most prominent lesions in the brain of AD 
sufferers are the amyloid or “senile” plaques, which 
predominantly consist of Amyloid β (Aβ)  peptides 
derived from the proteolytic processing of the 
amyloid precursor protein (APP) [5]. Various studies 
have implicated that the toxicity of Aβ  is due to 

abnormal interaction of trace metals zinc, copper and 
iron in neocortex [6,7,8].  

Metal ions in the brain are handled by a number 
of proteins and transport systems. Studies show 
disturbances in handling of metal ions in the brain 
due to the deficiency of these proteins in AD patients. 
Failure of incorporation of metal ions could 
contribute to pooling of metal ions in the extra 
cellular space and contributes to the Aβ precipitation. 
Further, numerous abnormalities of blood brain 
barrier reported in individuals with AD may further 
contribute to fluctuating levels of plasma ions [9,10]. 

In vivo studies demonstrate that elevated serum 
copper levels differentiate patients with AD from age 
matched normal individuals with good selectivity and 
specificity [11]. Copper homeostasis imbalance and 
excessive oxidative stress in brain tissue leading to its 
accumulation in senile plaques and neurofibrillary 
tangles are documented in AD [12]. According to 
Rachna et al., [13] serum copper concentration may 
be a potential marker for AD. Hence, studies of the 
systemic levels of copper in patients of AD which are 
reported rarely in literature are of increasing interest. 
It is still debatable, whether raised copper levels 
contribute to pathogenesis or is an effect of the 
disease [14].  
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As the most abundant trace metal in the brain, 
zinc is found tightly associated with numerous 
proteins conferring either structural or catalytic 
properties upon them [15]. It is hypothesized that 
zinc could have a role in sustaining the adhesiveness 
of APP during cell-cell and cell-matrix interactions 
[16,17]. It is has also been linked to dementia 
severity in AD [18]. 

Although zinc dyshomeostasis may contribute 
to the development of AD, further work is required to 
clarify the molecular and cellular mechanisms 
affected by zinc under both normal and disease 
situations [5].  

It has also become apparent that iron 
progressively accumulates in the brain with age. 
There is increasing evidence that iron accumulation 
in the brain can cause a vast range of disorders of the 
central nervous system [19,20] 

In AD, iron is an important cause of oxidative 
stress because of its over-accumulation in the brain 
[21]. It is significantly concentrated in and around 
amyloid senile plaques, and neurofibrillary tangles 
(NFTs), leading to alterations in the pattern of the 
interaction between iron regulatory proteins and their 
iron responsive elements (IREs), and disruption in the 
sequestration and storage of iron [22; 23] 

Chelation has the potential to prevent iron-
induced ROS, OS, and Aβ aggregation and, therefore, 
chelation therapy may be considered a valuable 
therapeutic strategy for AD  [24]. 

Most studies have investigated single metals in 
association with AD and the pathogenesis behind 
their effect. Therefore, in this study we aimed to 
correlate the levels of the metal ions, iron, zinc and 
copper with dementia and with each other in the same 
patient which may indicate a common pathway 
involving more than one ion.  
 
2.Methodology: 
Participants and study design 

This is a case-control study enrolling 72 AD 
patients meeting the probable NINCDS ADRDA 
criteria [25] and 80 elderly sex matched controls, all 
being recruited from outpatient clinics of the 
Geriatrics and Gerontology department of Ain Shams 
University Hospitals.  

Full medical and personal history was taken 
from the patient or available caregiver. Cognitive 
function of all the participants was screened for 
presence of cognitive impairment using the Mini 
Mental State Examination (MMSE) then using the 
modified Hachinski ischemic index (HII) included 
patients with scores less than 5.  

Exclusion criteria included: the presence of any 
neurological disorders (as cerebrovascular stroke and 

Parkinson’s disease) or psychiatric conditions (as 
depression, schizophrenia or delirium) or patients 
who score 5 or more in the HII or those who refused 
to participate. 

The control group composed of 80 community-
dwelling elderly individuals was recruited from the 
catchment's area of the same hospital. The inclusion 
criteria were age higher than 60 years, MMSE scores 
within normal for age and educational level. Controls 
were excluded if they presented with chronic renal 
disease, history of significant head injury or stroke; 
other psychiatric conditions such as major affective 
disorder or evidence of current depression; 
uncorrectable vision or hearing loss or other 
conditions such as substance abuse or use of 
medications that could impair cognitive function. 
Lab methodology 

Blood samples were collected for analysis of 
serum zinc, copper, Iron. 5 mL of venous blood was 
placed into vacationer tubes and metal-free tubes. 

We used  
 Stanbio Iron, Procedure No.0370 (Quantitative 

colorimetric determination of Iron in serum). 
 Zinc (colorimetric method) for in vitro 

determination of Zinc in serum. 
 Copper in serum (colorimetric method). 
Ethical considerations 

The study was approved by the Ethical 
Committee of the Faculty of Medicine, Ain Shams 
University. Informed written consent was obtained 
from participants, their nearest relatives, or both 
depending on the patient’s cognition. 
 
Statistical analysis:  

The collected data was revised, coded, tabulated 
and analyzed using Statistical package for Social 
Science (SPSS 15.0.1 for windows; SPSS Inc, 
Chicago, IL, USA 2006). Data was expressed as Mean 
± SD for quantitative parametric measures. Comparison 
between two independent mean groups for parametric 
data was done using Student t test. The probability of 
error at 0.05 was considered significant, while at 0.01 
and 0.001 were highly significant. 
 
3.Results: 

The studied group included 152 subjects. The 
mean age of the studied group was 69.34 ± 8.6 years . 
The studied group included 70 males and 82 females. 

In the studied group 44% of males and 55.6% of 
females had AD. The mean age of patients with AD 
was 73.6 ± 9.8 years and mean age of controls was  
65.5 ± 4.75 years with highly statistically significant 
difference (Table 1). 
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Table 1: Demographic data of the studied group 

 
Cases 

(N=72) 
Controls 
(N=80) 

Sex* 
Male 32 (44%) 38 (47.5%) 

Female 40 (55.6%) 42 (52.5%) 
Age in years** 73.6 (±9.8) 65.5 (±4.75) 

* Expressed as No. (%)                                ** Expressed as mean (SD) 
 

As regard serum copper level, 48.1% of patients with AD and 62.9% of controls had low serum copper level 
with no statistical significant difference. 

As regard Zinc level 50% of patients with AD and 50 % of controls had high serum Zinc level with no 
statistical significant difference, while as regards serum iron level 76.1% of patients with AD and 63.2% of controls 
had high serum iron level with no statistical significant difference (Table 2). 
 
Table 2:  Serum levels of Copper, Zinc and Iron  

Minerals Serum level AD Controls X² P 

Copper* 
(12-25 umol/L) 

Low 26 (48.1%) 44 (62.9%) 
 

2.715 
 

0.257 
Normal 8 (14.8%) 8 (11.4%) 

High 20 (37%) 18 25.7%) 

Zinc* 
(60-110 ug/dl) 

Low 26 (36.1%) 22 (28.9%) 
 

1.665 
 

0.435 
Normal 10 (13.9%) 16(21.1%) 

High 36 (50%) 38 (50%) 

Iron* 
(65-170 ug/dl) 

Low 17 (23.9%) 26 (34.2%) 
4.071 0.131 Normal 0 (0.0%) 2 (2.6%) 

High 54 (76.1%) 48 (63.2%) 

 * Expressed as No. (%). 
 

In the current study the mean serum Cu level was higher in AD than controls  (31.49 ± 31.21 versus 23.41 ± 
28.4 umol/L respectively) with no statistical significant difference. 
In the current study the mean serum Zn and Iron levels were higher in the control group than AD with no 
statistically significant difference (Table 3). 
 
Table 3:  Comparison between AD and controls as regard mean serum minerals levels 

Minerals AD Controls t p 
Copper **  

(12-25 umol/L) 
31.49 ± 31.21 23.41 ± 28.4 1.494 0.138 

Zinc ** 
(60-110 ug/dl) 

111.3 ± 78.34 123. ± 97.2 0.810 0.419 

Iron** 
(65-170 ug/dl) 

558. ± 429 610.7 ± 587 0.618 0.538 

                          ** Expressed as mean (SD) 
 

In the current study 11 patients with AD had the serum level of all the 3 minerals elevated, while 33 patients 
with AD had the serum level of only 2 minerals elevated and 26 patients with AD had the serum level of only 1 
mineral elevated ((Table 4). 
 
Table 4: Number of elevated minerals in the AD subjects 

No. of minerals with  high serum level No. of AD subjects 
3 minerals 11 
2 minerals 33 

1 mineral 26 

None mineral 2 

 
4.Discussion: 

Aiming to compare the levels of the metal ions; 
iron, zinc and copper in subjects with AD and non-
demented subjects, we construct this study. The 
studied group included 152 subjects, 70 males and 82 
females with a mean age of 69.34 ± 8.6 years. 

When comparing serum copper level in the 
group suffering from AD and the controls, it was 
found that there were more subjects in the control 
group with low serum level of copper (44 controls 
versus 26 cases). Yet, the results show a statistically 
non-significant difference in the distribution of 
subjects in the low, normal and high serum copper 
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level groups between the cases and the controls. 
Moreover, there was no significant difference 
between the mean level of copper in both groups. 
This disagrees with the most recent study which 
found that in two AD mouse models that exhibit 
neurodegeneration, the plaques contained about 25% 
more copper than an AD mouse model that shows 
little neurodegeneration [26]. On the other hand and 
in the same year of 2013 another research was done 
stating that “Researchers in The Birchall Centre at 
Keele University, Staffordshire, UK, have provided 
unequivocal evidence that under conditions which are 
approximately similar to those found in the brain, 
copper can only protect against beta amyloid forming 
beta sheets and as such it is highly unlikely that 
copper is directly involved in the formation of senile 
plaques in Alzheimer's disease.” [27]  

The authors of the current study believe that it is 
probably not the absolute serum level rather than the 
metabolic handling, both in the body and brain, that 
may lead to AD. The study also  proposes that the 
interaction of copper with other metal ions may be 
the pathogenesis of AD changes in the brain rather 
than the pathogenesis triggered by one metal ion as 
studied by previous research. 

Similar to the findings involving the copper in 
this study, there was no significant difference in the 
serum levels of zinc and iron between the cases and 
controls. There was also no statistically significant 
difference in the distribution of subjects in the low, 
normal and high serum iron and zinc level groups 
between the cases and the controls. 

Bourassa et al., [26] found that none of the AD 
mouse models that they studied had significant 
increases in iron and very little increases in zinc. 
Metal content was not related to the age of the 
plaque. Yet, the researchers measured iron content in 
the cortex of all three mouse models. They found that 
iron content was doubled in all AD mouse model 
cortices compared to controls, whether or not the 
models showed neurodegeneration [26].  

Agreeing with Bourassa et al., [26] was Raven 
et al., 2013 who found that using the MRI technology 
allowed them to determine that the increase in iron is 
occurring together with the tissue damage. They 
found that the amount of iron is increased in the 
hippocampus and is associated with tissue damage in 
patients with Alzheimer's but not in the healthy older 
individuals or in the thalamus. So the results suggest 
that iron accumulation may indeed contribute to the 
cause of Alzheimer's disease.[28]   

The study by Watts et al., [29] mentions that 
low zinc with ageing affects learning and cognition 
but the same study also describes high zinc levels to 
cause neurodegeneration. Lead researcher, Dr Nicole 
Watts, says: "Zinc is thought to aid signaling in the 

brain as it's released into the space between brain 
cells. However, when there's too much zinc between 
the brain cells it can become toxic. High levels of 
zinc in this area between the brain cells are known to 
be a factor in neurodegenerative diseases, so 
regulating the amount of absorption by the cells is 
crucial."  

Since our findings didn’t agree with the most 
recent studies we aimed to prove the hypothesis that  
elevated metal ions may have an intricate network of 
interactions that leads in the end to AD. 

The results didn’t verify the hypothesis as there 
were two subjects with none of the minerals elevated 
in the serum, and only eleven subjects had all three 
ions elevated. Still not many studies correlated serum 
levels with brain tissue levels. 
 
Conclusion: 

Despite the agreeing of many studies that metal 
ions are higher in AD patients than normal subjects 
some patients with AD had normal or low levels of 
all or some of the three ions studied. This makes it 
difficult to ascertain if elevated metal ions work 
separately or there is still a link between their effect 
on the human brain that yet has to be investigated. 
 
Conflicts of interest: None 
 
References: 
1. Mount C and Downton C. “Alzheimer disease: 

progress or profit?” Nature Medicine 2006; vol. 12, 
no. 7, pp. 780–784,. 

2. Bush AI. The metallobiology of Alzheimer’s 
disease. Trends Neurosci 2003; 26: 207-14. 

3. Andersen JK. Oxidative stress in 
neurodegeneration: cause or consequence? Nat 
Med. 2004;10(1 Suppl):S18–25. 

4. Su B, Wang X, Nunomura A, Moreira PI ,Lee H, 
Perry G, Smith MA, Zhu X. Oxidative Stress 
Signaling in Alzheimer’s Disease. Curr Alzheimer 
Res. 2008 December; 5(6): 525–532.  

5. Nicole T. Watt, Isobel J. Whitehouse, and Nigel M. 
Hooper. The Role of Zinc in Alzheimer's Disease. 
Int J Alzheimers Dis; 2011: 971021. Published 
online 2010 December 20. 
doi:10.4061/2011/971021  

6. Squitti R, Lupoi D, Pasqualetti P, Dal Forno G, 
Vernieri F, Chiovenda P, et al., Elevation of serum 
copper levels in Alzheimer’s disease. Neurology 
2002; 59: 1153-61. 

7. Markesbery WR. Oxidative stress hypothesis in 
Alzheimer’s disease. Free Radic Biol Med 1997; 
23: 134-47. 

8. Pratico D, Uryu K, Leight S, Trojanoswki JQ, Lee 
VM. Increased lipid peroxidation precedes amyloid 
plaque formation in an animal model of 



Life Science Journal 2013; 10(3)                                                  http://www.lifesciencesite.com         

2632 

Alzheimer’s amyloidosis. J Neurosci 2001; 21: 
4183-87. 

9. Pullen RG, Franklin PA, Hall GH. Zinc uptake 
from blood into brain and other tissues in the rat. 
Neurochem Res 1990; 15: 1003- 08. 

10. Pullen RG, Franklin PA, Hall GH. Zinc uptake 
from blood into brain in the rat. J Neurochem 1991; 
56; 485- 9. 

11. Squitti R, Pasqualetti P, Cassetta E, Dal Forno G, 
Cesaretti S, Pedace F, et al., Elevation of serum 
copper levels discriminates Alzheimer’s disease 
from vascular dementia. Neurology 2003; 60: 2013- 
14. 

12. Cuajungco MP, Faget KY, Huang X, Tanzi RE, 
Bush AI. M et al.,  chelation as therapy for 
Alzheimer’s disease. Ann N Y Acad Sci 2000; 920: 
292- 304. 

13. Agarwal R, Kushwaha SS, Tripathi CB, Singh N, 
Chhillar N. Serum copper in Alzheimer’s disease 
and vascular dementia. Indian Journal of Clinical 
Biochemistry, 2008; 23 (4) 369-374. 

14. Murray RK, Granner DK, Mayes PA, Rodwell VW. 
Nutrition. Harper’Biochemistry1990; 571-79 

15. Hooper NM, “The biological roles of zinc and 
families of zinc metalloproteases,” in Zinc 
Metalloproteases in Health and Disease, N. M. 
Hooper, Ed., pp. 1–21, Talor & Francis, London, 
UK, 1996. 

16. Multhaup G, Busha AI, Pollweina P, Masters CL. 
Interaction between the zinc(II) and the heparin 
binding site of the Alzheimer's disease βA4 
amyloid precursor protein (APP) FEBS Letters. 
1994;355(2):151–154.  

17. Multhaup G, Ruppert T, Schlicksupp A, et al., 
Copper-binding amyloid precursor protein 
undergoes a site-specific fragmentation in the 
reduction of hydrogen peroxide. Biochemistry. 
1998;37(20):7224–7230.  

18. Religa D, Strozyk D, Cherny RA, Volitakis I, 
Haroutunian V, Winblad B, Naslund J, Bush AI. 
Elevated cortical zinc in Alzheimer disease.  
Neurology. 2006 Jul 11;67(1):69-75. 

19. Bartzokis G, Mintz J, Sultzer D, Marx P, Herzberg 
JS, Phelan CK, Marder SR. In vivo MR evaluation 
of age-related increases in brain iron. AJNR Am J 
Neuroradiol. 1994;15:1129–1138.  

20. Bartzokis G, Beckson M, Hance DB, Marx P, 
Foster JA, Marder SR. MR evaluation of age-
related increase of brain iron in young adult and 
older normal males. Magn Reson Imaging. 
1997;15:29–35.  

21. Smith MA, Harris PL, Sayre LM, Perry G. Iron 
accumulation in Alzheimer disease is a source of 
redox-generated free radicals. Proc Natl Acad Sci U 
S A. 1997;94:9866–9868. 

22. Lovell MA, Robertson JD, Teesdale WJ, Campbell 
JL, Markesbery WR. Copper, iron and zinc in 
Alzheimer's disease senile plaques. J Neurol Sci. 
1998;158:47–52.  

23. Pinero DJ, Hu J, Connor JR. Alterations in the 
interaction between iron regulatory proteins and 
their iron responsive element in normal and 
Alzheimer's diseased brains. Cell Mol Biol. 
2000;46:761–776.  

24. Crapper McLachlan DR, Dalton AJ, Kruck TP, Bell 
MY, Smith WL, Kalow W, Andrews DF. 
Intramuscular desferrioxamine in patients with 
Alzheimer's disease. Lancet. 1991;337:1304–1308.  

25. McKhann G, Drachman D, Folstein M, et al., 
Clinical diagnosis of Alzheimer’s disease: report of 
the NINCDS-ADRDA Work Group under the 
Auspices of Department of Health and Human 
Services Task Force on Alzheimer’s 
disease.Neurology1984;34:939–44. 

26. Megan W. Bourassa, Andreana C. Leskovjan, Ryan 
V. Tappero, Erik R. Farquhar, Carol A. Colton, 
William E. Van Nostrand, and Lisa M. Miller. 
Elevated copper in the amyloid plaques and iron in 
the cortex are observed in mouse models of 
Alzheimer’s disease that exhibit neurodegeneration. 
Biomedical Spectroscopy and Imaging, 2013; 
Volume 2/Issue 2 DOI: 10.3233/RNN-120303 

27. Matthew Mold, Larissa Ouro-Gnao, Beata M 
Wieckowski, Christopher Exley. Copper prevents 
amyloid-β1–42 from forming amyloid fibrils under 
near-physiological conditions in vitro. Scientific 
Reports, 2013; 3 DOI: 10.1038/srep01256). 

28. Erika P. Raven, Po H. Lu, Todd A. Tishler, Panthea 
Heydari, George Bartzokis. Increased Iron Levels 
and Decreased Tissue Integrity in Hippocampus of 
Alzheimer’s Disease Detected in vivo with 
Magnetic Resonance Imaging. Journal of 
Alzheimer's Disease, 2013 Retrieved September 13, 
2013, from http://www.sciencedaily.com 
/releases/2013/08/130820135032.htm). 

29. Nicole T. Watt, David R. Taylor, Talitha L. 
Kerrigan, Heledd H. Griffiths, Jo V. Rushworth, 
Isobel J. Whitehouse, Nigel M. Hooper. Prion 
protein facilitates uptake of zinc into neuronal cells. 
Nature Communications, 2012; 3: 1134 DOI: 
10.1038/ncomms2135) 

 
9/5/2013 


