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Abstract: Background: The roles of environmental factors in the etiologic consideration of Parkinson’s disease (PD)
need investigation and clarification, especially in sub-Saharan Africa where genetic mutations are rare. Trace metals
toxicity has been associated with pathogenesis of neuro-degeneration including Parkinson’s disease.

Methods: PD patients presenting to three tertiary health facilities located in the south-west, south-south and central
Nigeria were studied and compared with age and sex matched controls from the same regions using a protocol
containing a structured questionnaire, diagnostic criteria based on the United Kingdom Parkinson’s Disease Society
brain bank and atomic absorption spectrophotometry method for analysis of plasma trace metals — copper, zinc,
magnesium, manganese and iron.

Findings: Sixty eight consecutive PD patients with a mean age of 65.7+7.29 years and a male preponderance (Male
(46)/Female (22) = 2.1:1) had significantly elevated trace metals (namely copper, zinc, magnesium and iron) compared
to controls (P<0.001). The means of the trace metals’ levels for the PD and controls were — Copper 51.8 and 14.7umol/l,
Magnesium 3.35 and 2.06mEg/l, Manganese 15.6 and 14.4pmol/l, Iron 78.5 and 17.4uymol/l and Zinc 88.7 and
19.3umol/l respectively. There was no significant difference in level of manganese between PD patients and controls,
though elevated in PD patients residing in the southern part of the country the difference between the PD patients and
controls in central region (P=0.29) was insignificant.

Conclusion: The findings of this study suggested a possible role for trace metals toxicity in the pathogenesis of
Parkinson’s disease. There is however need for further studies to elucidate the specific roles of these trace metals in the

etiology of PD.
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INTRODUCTION

The etiology of Parkinson’'s disease (PD) has
remained elusive despite the flurry of researches and
publications available on it. It is the second most
common neurodegenerative disorder and occurs in 2%
of the population over the age of 60 years [7]. It affects
over 1million people in North America, occurring
commonly after the age of 65years [1, 23]. Age is the
single most consistent risk factor and, with the
increasing age of the general population of sub-
Saharan African sub-continent, the prevalence of
Parkinson’s disease is expected to rise steadily in
future [19,23]. It is associated with significant mortality
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and by the year 2040, neurodegenerative diseases are
projected to surpass cancer as the second most
common cause of death [20]. It is important to note that
apart from age, a family history of PD is the strongest
predictor of an increased risk [31]. Reduction in risk
has been associated with cigarette smoking, especially
among the young-onset patients [11,22,34].

Parkinson’s disease is relatively rare among Asians
and African blacks. An age-adjusted prevalence rate of
67 per 100,000 was reported by Schoenberg et al.
among Nigerians above 39 years in a door-to-door
survey of a rural community in South west Nigeria [30].
This low prevalence has been attributed to the absence
of environmental factors associated with urbanization
which predispose to the development of PD. Though
the etiology of Parkinson’s disease remains unknown,
there are several hypotheses which have been
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postulated. The genetic hypothesis withessed a major
breakthrough with the identification of 2 distinct
mutations in the a-synuclein gene (SNCA) 4q [6].
Mutations have been identified in the gene among rare
families with dominant PD suggesting that aggregation
of this protein in Lewy bodies is probably crucial to
pathogenesis of the disease. There have also been
reports on linkage to chromosome 2p13 [8]. Dominant
PD has however been more commonly linked with
leucine-rich repeat kinase 2 (LRRK2) while early onset
autosomal recessive PD has been found in association
with parkin gene, DJ-1 and PINK1 [23] although these
genetic mutations are rare in Nigerians [25].

The peak incidence of PD in Nigerians is in the sixth
decade of life [25]. At onset of disease, 72% of
Nigerians were over the age of 50 and 90% were over
the age of 40. The mean age of PD was reported to be
55.6 years with the peak frequency at onset in the
seventh and eighth decades [30].

The major environmental factors linked to etiology
of Parkinson’s disease (PD) are consumption of well
water [28], exposure to herbicides and pesticides
(especially among forestry workers) [5,15,29] and
drugs like 1,2,3,4, methylphenyl tetrahydropyridine
(MPTP), a meperidine analogue which caused
parkinsonism in young American drug addicts in the
1980s [2,35]. The delayed onset, progressive
Parkinsonism after the pandemic of encephalitis
lethargica strengthens the environmental causation
theory [37]. The concept of apoptosis in PD etiology is
not universally acceptable, but the critical components
of nigral degeneration in PD, which include
mitochondrial dysfunction, oxidative stress, actions of
excitotoxins, deficient neurotrophic support and
underlying immune mechanisms, have been described.
For instance, the MPTP toxicity is due to the inhibition
of complex | (NADH-ubiquinone oxido-reductase) of the
mitochondrial election-transport chain with consequent
failure of energy generation and cell death. In PD there
is a 30-40% reduction in complex | activity in the
substantial nigra pars compacta as well as a lesser
defect in other tissues [14,18].

Trace elements are normally present in very low
concentrations in the body. Trace metal analysis of
body fluids reflects the body burden, or internal dose,
of the individual being tested i.e. it examines the
amount of the metal that has actually entered the body
and remained there. This is called biological monitoring
or ‘bio-monitoring’. So  bio-monitoring is the
measurement of a substance or its metabolites in the

body fluids or tissues in an attempt to assess the
potential health risk the substance may induce [10,27].

Alterations in levels of trace metals have been
linked to the aetio-pathogenesis of neurodegeneration,
including PD [9]. There are reports implicating
manganese, aluminum, lead, cyanides, copper, zinc
and iron in neuro-degeneration [32,36,38]. Trace
metals are metallic elements with high atomic weight
and their toxicites can cause damage to living
organisms at very low concentrations, e.g. copper,
zinc, cadmium, lead and manganese. Heavy metals
are natural components of the earth’s crust, and cannot
be degraded or destroyed. Small quantities enter the
body via food, drinking water and air. Toxicity occurs
when there is increase in the levels of these metals in
the human tissues. As trace elements some of these
heavy metals are essential to the maintenance of the
body’s metabolism. PD has been linked to heavy metal
toxicity, often from bioaccumulation, resulting in
progressive degeneration of neurons due to
disturbance of normal body metabolic reactions [4].

This case-control cross sectional study was
undertaken to assess the plasma levels of trace metals
in patients with PD in three tertiary health facilities
situated in major urban cities in the middle belt, south
west and south-south Nigeria and determine if there is
any association between the occurrences of PD and
trace metals in Nigerians residing in urban areas. This
is a unique setting as there has been no previous study
that assesses the levels of trace metals among
Nigerians with PD.

METHODS

This was a cross-sectional case-control study
involving three tertiary health facilities which serve as
major referral centers for neurological diseases in their
respective geopolitical regions in cosmopolitan
Nigerian urban cities situated in middle belt (llorin),
south west (lle-Ife) and south-south (Benin City) (see
Figure 1). The study was conducted between January
2007 and December 2009 with the aid of a protocol
which included a questionnaire to obtain the
demographic and clinical data of all patients presenting
to the neurology clinics, diagnostic criteria for PD and
laboratory techniques for trace metals analysis..
Demographic information obtained included age, sex,
domicile, level of education and occupation. Clinical
information obtained included age at onset of
symptoms, duration of symptoms, family history of PD,
use of drugs or substances, consumption of well water,
previous history of central nervous system infections,



Trace Metals in Parkinson’s Disease

Journal of Neurology and Epidemiology, 2013 Vol. 1, No.1 33

L
R g

o = | Mateau
~ lonn ——_ Abula ) ® o
(&) qlxwru)liho. X T re iy
o = Ede ..Oshogho ' — Qi e o s [P
woe & A0 ByY T ey
L~ ’f"“"-ldd" 'f"‘“u’” ,l"r .I{_.’_p e i
Abdkuta _‘_4; b, CENTRAL
., <y Banin ) Enugu
‘:5',_ lagos —. Cacity |p - ¥ AFRICAN
Lt Novo % adzp® o Onftsha o - 4 s . 3
e 7;"*“‘.%,"“ »fl '.' - - ?_\ S % b JS\ E PJY' BLIC
of - 4 Fras Js 1 CCAMEROO W~-"' 0y A
Bemin "-‘ ";? l': .o .I'Q?\.L DS 2N s
S o oron ~ ~
o ;&:ﬁ#-’_’“ % 'L—,-’ 2
Gulf
of EQUATORIAL
~ GUINEA
Guinea —
“prRINCIPE % GABON
£

2
NIGERIA
150

a
L

1
6 150 300 Kiceanbers

300 pedon
3

NIGERIA’S GEOPOLITICAL ZONES

South West
South East
South-South
North Central
North East
North West

Ekiti, Lagos, Osun (lle-Ife), Ondo, Ogun, Oyo

Asia, Anambra, Ebonyi, Enugu, Imo

Akwa-lbom, Bayelsa, Cross-River, Delta, Edo (Benin City), Rivers
Benue, FCT, Kogi, Kwara (llorin), Nasarawa, Niger, Plateau
Adamawa, Bauchi, Borno, Gombe, Taraba, Yobe

Kaduna, Katsina, Kano, Kebbi, Sokoto, Jigawa,, Zamfara

Figure 1: Map of Nigeria showing the study sites (Benin City, Ife, llorin).

history of head injury and other medical conditions like
hypertension, diabetes mellitus, renal and
cerebrovascular diseases.

The diagnosis of PD was made using the United
Kingdom Parkinson Disease Society Brain Bank
(UKPDS Brain Bank) Criteria [33] and level of severity
was determined with the Hoehn and Yahr staging
criteria [12]. Ethical approval was given by the
respective hospital ethics committees of the three study
centers. Informed consent was obtained from all study
participants.

Sample Size Estimation

The minimum sample size of patients required for
the study was 28, calculated based on the Kish method
[a7].

2 2
n= Z pq:1.96 x 0.0006 x 0'9994:28.44

d’ (0.009)°

n = the desired sample size (when population is greater
than 10,000)

z = the standard normal deviation, usually set at 1.96,
which corresponds to the 95% confidence level

p = proportion of patients with PD estimated at 59 per
100,000%

q=1-p
d = absolute deviation from p% that will be tolerated

Patients’ Selection

Sixty-eight consecutive patients with confirmed
clinical diagnosis of PD based on the UKPDS Brain
Bank criteria were recruited for the study at the three
centers comprising twenty patients from middle belt
(llorin), twenty from south west (lle-Ife) and twenty-
eight from south-south (Benin City) — Figure 1. The
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patients were compared with sixty age- and sex-
matched controls selected from the same centers (20
controls from each of the study centers). The criteria
aided in the exclusion of differential diagnoses of PD.
Patients with history of oral consumption of dietary
supplements containing trace elements were excluded.

Laboratory Analysis of Trace Metals

About 10mls of venous blood was obtained from
each study participant. The blood samples were
collected by venepuncture into EDTA-anticoagulated
bottles and centrifuged at 3000rpm for 10minutes to
separate plasma from cells. Plasma was separated into
another clean plastic container before analysis. Plasma
levels of the trace metals were determined with flame
atomic absorption spectrophotometer (AAS) using a
direct method as described by Kaneko (1999) [16]. The
AAS was done twice and then double-checked once.
This method is based on the principle that atoms of the
metals when aspirated into AAS, vaporized and
absorbed light of the same wavelength as that emitted
by the metal when in the excited state. Adequate
precautions were taken to minimize exposure of the
blood specimens to atmospheric air and to avoid
contact with rubber, wood and paper products. Contact
with metal surfaces was also avoided except the steel
needle used for venipuncture.

Statistical Analysis

The data was analyzed with Statistical Package for
the Social Sciences (SPSS) version 16. The
demographic and clinical characteristics data were
presented using descriptive statistics of frequency
distribution, means and percentages. The categorical
data from the PD patients and controls were analyzed
for statistically significant differences with one-way
analysis of variance and chi-square distribution. The
differences in plasma levels of trace metals between

patients and controls at each center and the overall
sample from all centers were analyzed for statistical
significance using Student t test. The level of
significance was taken as p less than 0.05.

RESULTS

The mean age of the sixty-eight patients was 65.7 +
7.29 years with a male preponderance (Male
(46)/[Female (22) = 2.1:1). The details of the
demographic data from the three centers are presented
in Table 1. Using one-way analysis of variance and chi-
square distribution for age and sex respectively, there
were no significant differences in the age (F=0.496;
P=0.61 for patients, F=0.134; P=0.88 for controls) and
sex (X2 = 0.246; P=0.88 for patients, X2 = 0574;
P=0.75 for controls) of the patients and controls
recruited at the three study sites (P>0.05). The mean
duration of symptoms before presentation was
3.6+£0.51 years.

Clinical Characteristics of Patients

The Hoehn and Yahr severity staging [12] revealed
45 patients (70.3%) in stages 1 and 2, while 17(26.6%)
had postural involvement and two patients were
bedridden. There were no differences in the clinical
features of the male and female patients (P=0.87). Ten
of the patients (15.6%) gave a positive family history of
PD. The main non motor features observed were
autonomic and psychiatric (depression). Excessive day
time somnolence occurred in a male patient and this
led to early retirement from his place of work. A female
patient attempted suicide due to severe depression and
this necessitated urgent psychiatric intervention.

Trace Metals Analysis

The details of analysis of the trace metals are
presented in Table 2. The PD patients had significantly

Table 1: Comparison of Age and Sex of Study Participants at the Three Health Facilities
Variables Benin City Benin City lle-Ife (south | lle-Ife (south llorin llorin Total (PD Total
(south- (south- west) PD west) (middle (middle patients) (controls)
south) south) patients Controls belt) PD belt) (N=68) (N=60)
PD patients Controls (N=20) (N=20) patl_ents Con_trols
(N=28) (N=20) (N=20) (N=20)
Mean age 66.8 (6.67) 61.2 (5.33) 62.7 (10.32) | 61.9(10.25) | 60.5(8.88) | 62.3(6.77) | 65.7 (7.29) | 61.5(8.23)
(SD) 0.157 0.488 0.201 0.167
*P values
Sex
Male 18 12 14 12 14 14 46 38
Female 10 8 6 8 6 6 22 22
**P values 0.772 0.741 1.269 0.710
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Table 2: Trace Metals Levels in Parkinson’s Disease Patients and Controls

Trace metals South-south (Benin) South west (lle Ife) Middle Belt (llorin) Total Normal range of
N 48 (P=28;C=20) N 40 (P=20;C=20) N 40(P=20; C=20) N 128 laboratory values
(P=68; C=60)

Cu (umol/l) 11 — 28 ymol/l
Patients 73.5+14.98 36.4+5.63 28.9+3.71 51.8+5.37
Controls 10.4+5.17 12.7+6.68 11.5+4.63 14.7+5.33
P values P<0.0001 P<0.0001 P<0.0001 P<0.0001

Mg (mEg/l) 1.8 - 2.5 mEqg/l
Patients 3.70+1.31 3.63+2.91 2.90+1.53 3.35+1.34
Controls 1.80+0.93 2.16+1.09 1.36+0.90 2.06+0.92
P values P<0.001 P<0.05 P<0.05 P<0.001

Mn ((umol/l) 9 — 20 pymol/l
Patients 21.0+4.2 12.22+4.87 20.24+15.52 15.63+8.32
Controls 10.10+0.03 26.47+14.54 24.83+11.21 14.43+9.21
P values P<0.0001 P=0.0002 P=0.2904 P=0.4401

Fe (umol/l) 9 -27 umol/l
Patients 104.3+16.7 129.14+32.52 20.69+2.65 78.46+23.81
Controls 25.7+7.21 12.01+3.32 9.18+4.22 17.43+5.31
P values P<0.0001 P<0.0001 P<0.0001 P<0.0001

Zn (umol/l) 8 — 20 ymol/l
Patients 97.6+4.52 50.67+24.78 101+11.33 88.7+£13.83
Controls 25.7+3.67 8.99+3.55 46+21.13 19.27+9.48
P values P<0.0001 P<0.0001 P<0.0001 P<0.0001

Cu — Copper, Mg — Magnesium, Mn — Manganese, Fe — Iron, Zn — Zinc, P- patients, C — controls, N — sample size, P — patients, C- controls.

Level of significance - P<0.05.

elevated trace metals namely copper, zinc, magnesium
and iron compared to age and sex matched controls.
The level of manganese was elevated in PD patients
residing in the southern part of the country but there
was no difference between the PD patients and
controls in middle belt. There was no significant
difference in the manganese plasma levels among the
PD patients from all the three study sites when
compared to the controls (P=0.44).

DISCUSSION

This study showed the significant elevations in
plasma trace metals namely copper, magnesium, iron
and zinc in Nigerian patients with PD residing in urban
cities without significant difference in plasma
manganese levels between the patients and controls,
although significant elevations in plasma manganese
were observed among PD patients residing in southern
Nigeria but not among those living in the central
Nigeria. Several reports have alluded to the roles of
trace metals toxicity in the pathogenesis of neuro-
degeneration [3,4,9,33,38]. The presence of elevated
concentrations in our patients raised the likelihood of
association between trace metals toxicity and PD

among Nigerian Africans. This is the first study to
examine the levels of trace metals in PD among
Nigerian Africans.

The clinical profile of our PD patients is consistent
with observations from previous studies from Nigeria
[26,28]. The severity of the disease at presentation is
probably due to late presentation as observed in this
study corroborating an earlier study from south western
Nigeria [26].

A study in the United States demonstrated increase
risks of developing PD with exposure to high levels of
lead, manganese or copper in urban areas
corroborating previous laboratory research which
showed that these metals caused changes in tissue
similar to those seen in PD and some observational
studies that found that some people exposed to these
metals in their occupation developed clinical
syndromes similar to PD. The study suggested that
these metals may interfere with the brain's ability to
scavenge toxic radicals and may also induce or
accelerate the formation of clumps of protein found in
people who have neurodegeneration [36]. The lack of
significant elevation in level of manganese obtained in
this study did not support this observation. An
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important differential diagnosis of PD in the presence of
high manganese level is managanism which manifests
with a Parkinsonian-like syndrome of gait disturbance,
tremors, expressionless or masked-like facies and
psychiatric disturbance. This syndrome is commonly
seen following occupational exposure among miners,
arc welders and dry battery manufacturers [13,21].

Evidence also suggests that there is an excess of
reactive oxygen species and increased oxidative stress
in PD. Elevated iron levels has been demonstrated in
the pars compacta in PD patients, this being an
important factor in causing oxidative stress. However,
increase iron and reduced complex | activity are absent
in patients with incidental lewy body disease. A
reduction in level of reduced glutathione is evident at
the early state. The metabolism of endogenous
dopamine may result in the formation of toxic by-
products, contributing to heightened state of oxidative
stress in PD [4]. Iron is an important constituent of
succinate dehydrogenase as well as a part of heme of
hemoglobin, myoglobin and the cytochromes and its
accumulation has been related to neurodegenerative
disorders such as Alzheimer’s disease and Parkinson’s
disease [4,9,38].

Copper is an essential substance to life as it is
present in many enzymes involved in oxidation
(tyrosinase, ceruloplasmin, amine oxidase and
cytochrome oxidase). It is a micronutrient useful for
normal functioning of the hematologic and neurologic
systems such that in low concentration can render the
brain susceptible to free radical damage and in toxic
concentration can affect cellular metabolism [32,33,38].
Zinc is a divalent metal which forms an integral
component of about 200 metallo-enzymes including
carbonic anhydrase, alcohol dehydrogenase,
carboxypeptidase, glutamic dehydrogenase; as well as
hormones like thymulin, testosterone, prolactin and
somatomedin. Excess zinc can act as pro-oxidants
thus increase oxidative stress and enhance neuro-
degeneration causing an increased risk of PD [9,38].
The plasma levels of these trace metals (i.e. copper,
zinc and iron) were increased in our PD patients. It is
difficult to conclude that the etiology of PD in these
patients is due to these trace metals. However, the
significant elevations of trace metals in these PD
patients could have contributed to the evolution of the
neuro-degeneration though further investigation is
needed to ascertain this.

Manganese is an essential cofactor in humans for
antioxidant activity of enzymes like superoxide
dismutase, but toxic in large amounts causing damage

to the liver, lungs, vascular endothelium and brain
[32,36,38]. It is used industrially in steel making, iron
making and in fertilizers [38]. It has been implicated in
the etiology of striatal degeneration [36]. Its
concentrations are highest in the globus pallidus,
striatum, thalamus and substantia nigra [32]. Inhaled
manganese is transported directly to the brain before it
can be metabolized in the liver, resulting in permanent
brain damage characterized by tremors, difficulty in
walking and facial muscle spasms [21,32]. Our study
however did not show any difference between the
patients and the controls but the levels of manganese
were significantly elevated in PD patients living in the
south west and south-south unlike the observation in
the central part of the country. The reason for this
disparity is not immediately obvious from our study.

In conclusion our study has demonstrated the
presence of elevated plasma levels of trace metals —
copper, zinc, magnesium and iron in patients with
Parkinson’s disease residing in the central, south west
and south-south Nigeria. The elevation of plasma
manganese level observed in the southern regions was
not observed in the central part of the country. There is
need for further study to elucidate the role of these
trace metals in the etiology of PD in our environment
where genetic mutations have been demonstrated to
be rare.
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