Bangladesh Journal of Neuroscience 2017; Vol. 33 (2): 96-102

Utility of Serum Copper Level Estimation in Patients Suffering

from Alzheimer’s Disease
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Absract:

Background: Alzheimer’s disease is the most common cause of dementia. Metals such
as zinc, copper, iron are likely involved in the neurodegeneration of Alzheimer’s disease
. Copper can catalyze a flux of reactive oxygen species that can damage functional and
structural macromolecules in brain. Most studies found association of high serum copper
level with Alzheimer'’s disease but also some studies did not. Methods: Total 48 patients
of Alzheimer’s disease who were diagnosed according to NIA-AA ( National institute of
Aging — Alzheimer’s Association) recommendation ( revised NINCDS-ADRDA) criteria
were taken as study population purposively and 42 age and sex matched control were
selected. Fasting serum copper level were done for both groups. Comparison of serum
copper level of Alzheimer’s patients with that of the control group were done to see
association. Results : A total of 28 male and 20 female with mean age of 66.20 + 9.42
(mean+SD) years, 22 male and 20 female with mean age of 63.54 + 9.74 (mean+SD)
years constituted as case and control groups, respectively. The mean of serum copper
in case and control groups were 0.95 + 0.37 versus 0.92 + 0.25 mg/L (P > 0.05). The
present study found that serum copper levels are non-significantly higher in patients
with AD than control group, however it did not show a significant relationship with severity
of dementia. Conclusion: So our suggestion was to perform a study work including
total serum copper level , serum ceruloplasmin level and free serum copper level
comparing between a large Alzheimer’s Disease patients group and age , sex matched
apparently healthy control group to understand the copper dyshomeostasis in Alzheimer’

Disease.
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Introduction:

Alzheimer’s disease (AD) is a progressive
neurodegenerative disorder of unknown etiology
characterized by irreversible cognitive 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 exact cause for the disease is
not known, it is closely related to the formation of

protein deposits (amyloid plaques) and tangled
bundles of fibres (neurofibrillary tangles) within the
cortex .

Via the portal blood copper goes to liver being
bound to albumin, transcuprein, amino acids, small
peptides. In hepatocytes, copper binds to one of
the copper chaperones [metallothioneins (MTs),
reduced glutathione (GSH), etc] regulating the
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traffic of intracellular copper towards ceruloplasmin
and other necessary sites .Then in the liver copper
is incorporated in ceruloplasmin for secretion into
circulation . In blood, about 65%—-90% of the copper
is bound to ceruloplasmin. The remaining 10-35
percent participate in exchanges with albumin,
transcuprein, alpha 2 macroglobulin, and low-
molecular-weight compounds . The organs with the
high concentrations are the liver, brain, kidney and
heart .Copper is excreted from the body eitherin a
non-absorbed form or via the bile mainly3.

The group of transmembrane copper transporters
includes CTR1, ATP7A and ATP7B. ATP7A :
expressed in the placenta, gut and nervous system.
ATP7B : expressed in the hepatocytes, where it
exports copper into the bile and provides copper
to nascent ceruloplasmin, and also expressed in
the nervous system .ATP7A is critical to deliver
copper from endothelial cells across the blood brain
barrier(BBB) in the direction of the brain .CTR1is
also a key-regulator of copper influx whole body .
CTR1 is particularly expressed in the intestinal
cells, in the endothelial cells of brain capillaries, in
choroid plexus and brain parenchyma .CTR1,
divalent metal transporter 1 (DMT1) and ATP7A
transport copper also from CSF to blood

Squitti et al* in 2006 in their article provided
information on the two opposite fluxes of copper
supposed to influence copper content in the brain
: 1) A blood to brain inward flux, corresponding to
the labile fraction of serum copper, that can diffuse
or even be transported across the BBB by copper
transporter 1-CTR1 and by ATP7AS5. 2) A brain to
blood APP driven outward flux, via APP -amyloid
mediated mechanism across BBB copper comes
to circulation , leading to reduction in 3-amyloid
concentrations in the CSF®. Under physiological
conditions, activation of NMDA receptor results in
increased levels of Ap and ATP7A mediated copper
release into the synaptic cleft of glutamatergic
neurons . Both copper and beta-amyloid have been
reported separately to again depress long-term
potentiation by inactivating NMDA-R activities’.
However in the AD brain prolonged NMDA-
receptor- stimulated Ap production and ATP7A-
mediated copper release into the synaptic cleft can
initiate a vicious cycle resulting in altered copper

homeostasis . (7).

As ABPP is demonstrated to be a copper
detoxification/efflux neuronal transporter in vivo and
hypothetised to remove excess Cu from brain
tissues and results in increase in serum copper?®.
Although in circulation copper bound to low
molecular weight compounds represents only a
small fraction of serum copper in AD , excessive
levels over time could determine an increase supply
of brain soluble copper®.

Indeed, it is known that the day-to-day and week
to week variation in serum copper is insignificant.
Thus in AD, the inward copper flux could be
considered a chronic condition resulting in a
continuous supply of the copper brain reservoir.
(Levenson et al 1998).

AP possess copper and zinc binding sites. AB1-42
has high affinity for copper which could trap excess
extracellular copper'0. At a high peptide to metal
ion stoichiometry, Ap removes the copper into the
circulation and is protective. This may explain that
serum copper is selectively and markedly elevated
in individuals with AD'0. At high metal- ion- to-
peptide stoichiometry, A aggregates and becomes
catalytically pro- oxidant. These changes appear
at high serum copper concentration as reported
by Ashley et al?.

However, at high metal- ion- to peptide
stoichiometry, Ap, on being catalytically pro-
oxidant, leads to simultaneous generation of
H202(hydrogen peroxide), making the peptide
vulnerable to OH+ (hydroxyl) attack!' that can
damage functional and structural macromolecules
and neuronal degeneration occurs.

Materials and Methods:

This is a cross sectional comparative study which
was carried out in Neurology Department of
Bangahandhu Sheikh Mujib Medical University
(BSMMU), Dhaka and Atomic Energy Commission
(AEC), Dhaka during March’2016 to June’2017, 48
Alzheimer’s Disease patients and 42 age and sex
matched non-demented patients were selected as
controls from Neurology Out and in Patient
Department of BSMMU, Dhaka andblood samples
for trace elements were analyzed at AEC, Dhaka.
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Patients having features of AD according to
Revised NINCDS-ADRDA criteria (12) were
selected. Informed written consent was taken from
each patient or his/her attendants. After taking
proper history, physical, neurological examination
including MMSE were done. The cognitive
impairment was assessed by MMSE score (Mild
20-24, Moderate 10-19, Severe <10). Relevant
investigations including MRI of brain were done to
diagnose AD and rule out other causes of
dementia. Diagnosis of AD was established before
doing serum copper level. 4 ml venous blood was
collected for serum copper level in fasting condition
from cases and controls and centrifuged
immediately, serum was stored at -20°c in the
Department of Microbiology of BSMMU for
analysis. All blood samples were measured by
Atomic Absorption Spectrophotometry (model:
AA240FS, origin: Australia, manufacturer: Varian)
technology in the Department of Analytical
Chemistry Laboratory , Atomic Energy Centre ,
Dhaka-1000. The normal ranges of serum copper
levelis 0.7-1.4mg/L or 10-22 pymol/L (Mayo-clinic ,
2018)"3.

Statistical analysis:

At the end of data collection, the mean and
standard deviation of serum levels of copper of both
case and control group were calculated.
Quantitative data were analyzed by unpaired t test
and qualitative data were analyzed by y? test. P
value <0.05 was considered as significant.

In the AD group, the correlation among serum
copper levels, MMSE score, duration of the
disease, age were measured by the pearson’s
correlation coefficient test and the correlation
between serum copper levels and the severity of
dementia was measured by the spearman rank
correlation coefficient test . All statistical analysis
were done by SPSS software windows version 22.

Results and Observations:

The mean age (+SD) was 69.20 (£9.42) years in
case group and 63.54 (+9.74) year in control group.
There is no significant difference in age distribution
between case and control (P>0.05).
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In case and control group, there were respectively
58.3% and 52.4% male and 41.7% and 47.6%
female. Statistically no significant difference was
observed between the two groups in terms of
gender (P>0.05).

Among 48 AD patients family history of dementia
was presentin 15% patients. Most of the patients
presented with moderate dementia (50%) followed
by severe dementia (27.1%) then mild dementia
(22.9%).

Table-l
Distribution of the study population according to
serum copper level (N-90).

Serum copper Case Control  p-value*
level (mg/L) (n=48) (n=42)
Mean + SD 0.95+0.37 0.92+0.25 .765NS

NS=non-significant
* p- value was derived from independent sample t test.

Table | shows mean serum copper level in case group
was 0.95mg/L with standard deviation + 0.37, in
control group was 0.92 with standard deviation
10.25.Serum copper level in case group was elevated
than control but it was not statistically significant.
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Fig.-1: Scatter diagram showing correlation
between serum copper level and MMSE score in
Alzheimer’s disease patients (N-48).

This figure shows correlation between MMSE score
and serum copper level in AD patients. As both
MMSE score and serum copper level are



quantitative variables, so Pearson’s correlation
coefficient test was done. Here we found negative
correlation co-efficient (r= -0.207) which is not
statistically significant (p>0.05). To show the
correlation between severity of dementia and
serum copper level in AD patients spearman’s rank
correlation coefficient test was done. Here we found
positive correlation co-efficient (r,=0.139) which is
not statistically significant (p>0.05). To find the
correlation between serum copper level and
disease duration in AD patients Pearson’s
correlation coefficient test was done. Here we found
negative correlation co-efficient (r=-0.017) which
is not statistically significant (p>0.05).

For finding the correlation between serum copper
level and age in AD patients we did Pearson’s
correlation coefficient test. Here we found positive
correlation co-efficient (r= 0.013) which is also not
statistically significant (p>0.05).

Discussion:

In this study analysis of age distribution showed
that, the mean age of Alzheimer’s disease patients
and control group was [66.20 (£ 9.42) vs 63.54 ( £
9.74)] years. But there was no significant difference
in mean age between two groups (P>0.05). In
concordance with our study Haget al'* found a
mean age of 66.84 years among patients of
dementia in a tertiary care center of Bangladesh.
Our study also coincides with studies like Talebi et
al (15), Koseoglu and Karaman'6, Quadriet al'?,
and Leblhuberet al'® but age group seemed to be
higher in comparison to this study. It might be due
to lower life expectancy of peoples in our country.

In case and control group, there were respectively
58.3% and 52.4% male and 41.7% and 47.6%
female. There was male preponderance both in
case and control groups. Statistically no significant
difference was observed between the two groups
in terms of gender (P>0.05). It was consistent with
studies like Karimiet al'9), Talebiet al'® but does not
coincide with studies like Chen et al?%, Koseoglu
and Karaman'’,Quadriet al'®, Clarke et al?'. In
context of our country, lower proportion of female
patients were enrolled in this study may be due to
less preference for females for seeking medical
attention. Among all the patients, a major portion

of study population had the primary education
accounting 31.9%, which is closely followed by
illiteracy 27.7% and secondary education 17% in
case group. Among all AD patients, 76.6% patients
belongs to lower educational level (llliterate upto
SSC). It coincides with studies like Letenneuret al?2
and Ott et al?3 where they found an association
between low educational level and higher risk of
developing AD. Family history of dementia was
present in 15% in the AD patients. The MIRAGE
study confirmed that family history of dementia is
an important risk factor for Alzheimer’s and
concluded that by 80 children of conjugal AD
couples had a cumulative risk of 54%, 1.5 times
greater than the sum of the risks to children having
affected mothers or fathers, and nearly 5 times
greater than the risk to children having normal
parents?*. Most of the patients presented with
moderate dementia (50%), followed in decreasing
order by severe dementia (27.1%) and mild
dementia (22.9%).

The mean (xSD) value (mg/L) of serum copper
level in AD patients was found increased than
control group [0.95 (x0.37) vs. .92 (£0.25)],
although, this was not statistically significant (p
=.765NS). It coincides with studies like Sedighi,
Shafa and Shariati?®, Agarwalet al?®, Singh et al®’,
Wang et al?8, Pagliaet al?®, Siottoet al®, and Li et
al3! except that most of the study found a
statistically significant association of dementia with
serum copper level. Similar to the present study,
Sedighi, Shafa and Shariati, (2006) found a tiny
increase in serum copper levels between the study
and the control populations but which was also not
statistically significant (137.8 + 19.8 mg/dl versus
132.5 + 15.7 mg/dl, p=0.14). On the other hand,
Agarwalet al(26) in their study found serum copper
level was 156.2+30.3 pg/dL in AD patients and
134.46+31.57pg/dL in healthy control and the
difference was statistically significant (p=0.002).
Singh et al(27) found serum copper level in AD
and healthy controls respectively 116.20+3.23ug/
dL and 94.71+1.68ug/dL and the difference was
statistically significant (p=<0.001). Siottoet al (30)
found that increases of one ymol/L unit of free Cu
levels significantly raised the adjusted odds of
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having AD by 60% (adjusted OR= 1.60, 95% CI =
1.13-2.26; p = 0.008). Li and his team conducted
a meta-analysis of studies assessing the Serum
Copper, Zinc, and Iron Levels in Patients with
Alzheimer’s Disease®!. They found that 26 studies
reported an increase of serum Cu levels in AD
patients, 9 studies reported a decrease of serum
Cu levels in AD patients and 2 studies reported a
tiny increase. Combined analysis of the relationship
between the serum Cu level and AD was done in
their study. Their meta-analysis showed that Cu
levels were significantly higher in AD patients than
controls . Previously published meta-analysis
results from Bucossi et al®2, Schrag et al®3 and
Wang et al?® also came to the same conclusion .

It coincides with studies like Lee and Park34. They
found a significant correlation between baseline
serum copper level and MMSE score from second
year onwards in AD patients (r=-0.692, p=0.004).
As both serum copper level and disease duration
are quantitative variables, so Pearson’s correlation
coefficient test was done. Here we found negative
correlation co-efficient (r= -0.017) which is not
statistically significant (p>0.05).

We found positive correlation co-efficient between
serum copper level and age (r= .013). This was
not statistically significant (p>0.05). Fu, Jiang and
Zheng, (35) showed an age related increase in
brain copper levels in normal people. On the other
hand age is an important risk factor AD itself (30)
Therefore, the slightly higher level of serum copper
with increasing age should be investigated further
in context of Alzheimer’s disease.

Our study along with the studies discussed above
suggests a positive correlation of serum copper
level with Alzheimer’s disease. Some other studies
have found an association between defective
ceruloplasminlevel in the blood with AD (36).
Therefore, it may be more beneficial to consider
S. copper level together with ceruloplasmin or free
S. copper when investigating this topic.

Conclusion:

The present study showed that the serum copper
level was not correlated in AD patients in
comparison to control group. However there is also
no significant relationship between serum copper
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level and severity of disease or relationship with
disease duration. However the sample size was
small , study population were enrolled from only
one center hence it may not represent the whole
population of the country. All the investigations
meeting the need for exclusion criteria could not
be done. As many of them were decided clinically
but still it remains as a limitation, such as full hepatic
evaluation , HIV serology etc. Further multi-
centered prospective cohort study with larger
sample could be carried out. Again an study should
be carried out with total serum copper , free copper
and serum ceruloplasmin in AD patients and age
sex matched healthy control.
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