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Background: Multiple sclerosis (MS) is a chronic, demyelinating disease of the central nervous system
(CNS) affecting young adults and is considered as the leading cause of non traumatic neurological disability
of'young adults (1). The pathogenesis of MS is still incompletely understood. Deviation of immune responses
in a genetically susceptible patient plays a central role in its pathogenesis (2). Electrophysiological, spinal
tap and Radiological tools are important laboratory investigations that have added so much to the clinical
diagnosis and for the classification of MS (3 and 4).

Objectives: The aims of the study is to estimate and evaluate the oxidative status indirectly through the
serum levels of copper, zinc, zinc/copper ratio and magnesium in patients with MS, in addition to their
relation with patients’ degree of disability.

Patients and Methods: 112 patients with multiple sclerosis and 50 subjects without any neurological or
psychiatric diseases as control group were recruited in this study. The cases were collected from Baghdad
teaching hospital, MS center, Baghdad, Iraq at the period from May 2012 to April 2013, and studied at
the toxicology center in Al-Shaheed Ghazi Al-Hareri Hospital in the Medical city. All patients and control
groups were tested for serum level of copper, zinc and magnesium.

Results: The present study showed that serum level of copper was significantly higher in patients than in
control, while the serum level of zinc, zinc/copper ratio and magnesium, were significantly lower in patients
group than the control group. Also there was a positive linear correlation between the patients’ disability
measured by Expanded Disability Status Scale score and Cu and Mg, while a negative linear correlation
between Zn and Zn/Cu ratio.

Conclusion: There is a disturbed oxidative status in MS patients shown by the higher increment of Cu and
decrement of Zn, Mg and Zn/Cu ratio in MS patients, in addition to their relation with patients’ disability
than the control group, making it easy to quantify and predict MS disability objectively.
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Introduction:

Multiple Sclerosis (MS): is an inflammatory disease in which
the fatty myelin sheaths around the brain and spinal cord are
damaged, leading to demyelination and scarring as well as a
broad spectrum of signs and symptoms. Disease onset usually
occurs in young adults, and it is more common in women. It
has a prevalence that ranges between 2 and 150 per 100.000.
MS was first described in 1868 by jean- martin Charcot (5).
Till now MS is not easy to be detected, and a definite diagnosis
can take several months or even years. And there is neither
a single neurological or laboratory test that can definitively
confirm or rule out MS, nor does any produce results in all
patients (6). However, trace elements are important for the
development of the nervous system, myelination of the nerve
fibers, and also for the neural excitability (7). Many studies
have shown variations in Cu, Zn and concentration in serum
and CSF from patients with MS (8). While some studies
suggested a link between exposure to trace elements and
development of MS (4). It was also shown that reactive oxygen
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and nitrogen species play a role in demyelination, such as that
occurring in the inflammatory demyelinating disorders eg. MS
and Guillain-Barré syndrome. The concentrations of reactive
oxygen and nitrogen species (e.g. superoxide, nitric oxide
and peroxynitrite) can increase dramatically under conditions
such as inflammation, and this can overwhelm the inherent
antioxidant defences within lesions. Such oxidative and/or
nitrative stress can damage the lipids, proteins and nucleic
acids of cells and mitochondria, potentially causing cell death.
Oligodendrocytes are more sensitive to oxidative and nitrative
stress in vitro than are astrocytes and microglia, seemingly
due to a diminished capacity for antioxidant defence, and the
presence of raised risk factors, including a high iron content.
Oxidative and nitrative stress might therefore results in vivo
in selective oligodendrocyte death, and thereby demyelination
(9). It has been reported that trace elements are important for
the development of the nervous system, myelination of the
nerve fibers, and also for the neural excitability (7) and many
studies have shown variations in Cu, Zn and Mg concentrations
in serum and CSF from patients with MS (8). While some
studies suggested a link between exposure to trace elements
and development of MS (4).

J Fac Med Baghdad

216

Vol.56, No.2, 2014



The Role of Trace elements in Multiple Sclerosis

Ammar A. Thamer

Patients and methods:

This is a case — control, study included 112 patients with
multiple sclerosis (MS) 35 males and 77 females, ranging in
age from 14 to 51 years with a mean age of (33.48 + 8.09)
years. They were recruited from the multiple sclerosis clinic
at Baghdad teaching hospital, Baghdad, Iraq, collected during
the period from May 2012 to April 2013. They were definite
MS who were diagnosed according to the famous MacDonald
criteria. A control group of fifty individuals (17 males and 33
females) with no neurological or psychiatric diseases were
also enrolled in this study, their age ranged from 15 to 52 years
with a mean of (33.54 + 8.4) years. Both patients and control
groups have been examined at the toxicology center in Al-
Shaheed Ghazi Al-Hareri Hospital in the Medical city, and 8
ml blood samples transferred to separate sterile plastic tubes
and centrifuged at 3000 rpm for 15 minutes. The separated
serum was stored at -20 °C until the time for analysis of
Zinc, Cupper and Magnesium using the Atomic Absorption
Spectrophotometer. A written consent from the patients was
taken. Severity was calculated according to the expanded
disability scale status (EDSS).

Statistics: All statistical analysis was obtained using Statistical
Package for Social Sciences (SPSS) version 17.0 and Microsoft
Excel (2007) softwares used for data entry and analysis.
Results were expressed in simple statistical terms such as
means, percentages, and standard deviations. Data from each
patient and control group were compared using ANOVA tests
to calculate differences between groups. Finding of p value
less than 0.05 was considered significant.

Results:

The study included 112 patients with clinically definite
multiple sclerosis with relapsing remitting (87.5%), secondary
progressive (5.4%), primary progressive (2.7%) and clinically
isolated syndrome (4.5%) courses attended MS clinic at
Baghdad teaching hospital in the medical city complex and 50
individuals without any neurological or psychiatric diseases
served as control. The patients group comprised 77(68.8%)
females and 35 (31.2%) males having MS. There was a female
predominance with female: male ratio = 2.2:1. The control
group comprised 33 (66%) females and 17 (34%) males, there
was female predominance with female: male ratio = 1.9:1the
age of the patients with multiple sclerosis was ranged between
14 and 51 years. The age of subjects in the control group was
between 15-52 years. The ages of the patients were classified
into three groups: less than 30, 30-40 and more than 40. With
a specifically more percent between (20-39) year's subgroups
(77.67 %) of total patients, which shows that this disease is
mainly affecting middle age group, which is similar to nearby
reports of Benamer etal (2009); Etemadifar and Abtahi (2012)
(1 & 10) as well as to other countries (11 and 12).

Table (1) explores the distribution of the MS patients according
to their motor disability manner by using the most popular
Kurtzke, Expanded Disability Status Scale (EDSS) score,
showing that the highest percent (35.71%) of patients had
EDSS score of about (3- 4), and then between (2-3) (31.25%),

while 18.75% with a score below 2 and the lowest percent
(14.29%) for those who had the EDSS of (> 4).

Table (1): Distribution of patients according to the
Expanded Disability Status Scale (EDSS) score.

EDSS Patients No. Patients Percent (%)
<2 21 18.75

2-<3 35 31.25

3-<4 40 35.71
>4 16 14.29

Total 112 100

EDSS=Expanded Disability Status Scale

The mean and standard deviation of the serum levels of Copper,
Zinc, Magnesium and Zinc/Copper ratio for both control and
MS-patients groups are demonstrated in the table 2. There is
a highly significant increases in the mean value of the serum
level of Copper in MS-patients when compared with that of
control (p0.0001<). While, the mean value of the serum level
of zinc, magnesium and zinc/copper ratio is high significantly
decreased in MS patient in comparison to that of control group
(p0.0001<).

Table (2): Comparison of the serum level of different trace
elements studied between patients and control groups.

Control Patients
Parameters N=50 N=112
mean+SD mean+SD

Serum Cu (pg/dl) 117.28+15.49 152.13+22.89%*

Serum Zn (pg/dl) 103.24+24.41 77.17£9.03%*

Serum Mg (mg/dl) 2.13+1.05 1.27+0.14%*

Serum Zn/Cu ratio 0.89+0.23 0.52+0.11%*

** significant difference with control , p <0.001

By measuring serum level of magnesium, the current study
shows a highly significant decrease in the mean values of MS
patients group (2) when compared with those of control group
(1) (p0.0001<) (table 2).

In table (3), 77 patients (68.75%) found to have abnormal
visual signs and symptoms and 35 patients (31.25%) haven’t
any visual manifestations at the time of examination, there
are statistically significant increases in the mean value of
the serum level of copper in the two MS subgroups with and
without visual involvement than those of control group. While
the mean values of serum level of zinc, magnesium and Zn/Cu
ratio are significantly decreased in the MS subgroups with and
without visual manifestations. Whilst, there is no statistical
differences in the mean values of these biochemical parameters
within the two MS subgroups themselves.
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Table (3): Comparison of serum levels of copper, zinc,
magnesium and Zn/Cu ratio between controls and MS
patients with and without visual symptoms.

Visual symptoms

Control
Parameters N=50 Present Absent
mean+SD N=77 N=35
mean+SD Mean+SD
S. Cu (pg/dl) 117.28+15.49 151.6+21.29%* 153.29+26.38**
S. Zn (pg/dl) 103.24+24.41 76.61+9.1** 78.41+8.88%*
S. Mg (mg/dl) 2.13+1.05 1.28+0.14** 1.25+0.14**
Zn/Cu ratio 0.89+0.23 0.53+0.13%* 0.52+0.1%*

(**) significant difference with control, p < 0.001,

In correlations, this study reveals that there is a positive
correlation between the EDSS score and the mean value of
the serum copper, i.e., as the EDSS score increases, the mean
value of the serum Copper increases too (figure 1). Whereas,
it is a negative correlation between the EDSS score and the
mean value of the serum level of Zinc (figure 2), and between
the mean value of the ratio of Zn/Cu with the increase in the
disability of the examined MS patients. While, a positive
correlation between the mean values of the serum level of
magnesium with the progress of the disease>s disability
(EDSS) score is reported (figure 3).
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Figure (1): Correlation between serum copper and the
EDSS score.
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Figure (2): Correlation between serum zinc and the EDSS
score.
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Figure (3): Correlation between serum magnesium and the
EDSS score.

Discussion:

Although some studies suggested a link between the exposure
to trace elements and development of MS disease, clear
information on their role in the etiology of MS is still lacking
(4). One of the postulated links reported is that, trace elements
(zinc, copper, magnesium, etc) act as co-factors enabling
the liver to detoxify natural toxins in different foods. Poor
detoxification means that these toxins will circulate freely in
the body, and some inevitably find their way into the brain,
where these toxins bind with the fatty myelin sheaths. Immune
system starts to attack it with consequent inflammation and
destruction of the myelin sheath (13). In addition, the trace
elements may affect antioxidant defense system as essential
trace elements (copper, zinc and magnesium) are important
parts of antioxidant enzymes as superoxide dismutase and
important parts of transport protein with antioxidant properties
as ceruloplasmin (14 & 15). Nutritional deficiencies and/or
accumulations of key minerals and toxic heavy metals have
been cited as important contributing factors that can adversely
impact the health of patients with MS (16). Numerous studies
of patients with multiple sclerosis have shown increased
free radical activity or deficiencies of important antioxidant
enzymes or both as compared with healthy controls (15).

The present study found a highly significant decrement in
the serum level of zinc in the MS patients. This result is in
agreement to the study of Forte etal, (2005); Masoud and
Fakharian, (2007) and Al-Zubaidi, (2012) (4, 17 & 7). This
decrease in Zn level could be due to its important role in the
facilitation of T-cell proliferation and chemotaxis, inhibition
of potentially destructive immune reactions against T
lymphocytes, influences T-cell response to certain interleukins,
its ability to modify cytokine production by means of the matrix
metallo-protinases, and its antioxidant protecting role of the
cell membranes, in addition to its stabilizing the association of
the myelin basic protein with brain myelin membranes (13 &
17), while its deficiency was seen to cause lymphopaenia and
reduction in the immune capacity among the affected humans
(7). In contrast, Shaheen etal, (2006) found an increase in the
serum level of Zn, and this could be due to their selection of
the MS patients, as no one of their patients was in a stage of
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activity, they were either in remission in RR-MS or a stage
of plateau in the SP-MS or PP-MS forms. Their explanation
is that Zn level is significantly elevated in between attacks
and dramatically decreased during a clinically documented
exacerbation of MS, and it has been suggested that mechanisms
which govern cellular availability, compartmentalization of
Zn, or the binding of Zn to cell surface membranes may be
altered in patients with MS, according to disease activity (15).
Moreover, the supposed effect of corticosteroid treatment in the
active stages of MS, might disturbs the Zn and Cu homeostasis
in their blood (17 & 7).

The highly increased serum Cu level in MS patients group is
similar to what had been reported by Forte etal, (2005) and
Al-Zubaidi, (2012) (4 & 7), while differ from Shaheen etal,
(2006) and Masoud and Fakharian, (2007) (15 & 17) studies
who found a decrement in the Cu serum level concentration,
and it may be explained also by the influence of corticosteroid
treatment on the Zn-Cu homeostasis, however, the increase
in serum Cu concentration was found to decrease the Zn
absorption (and vice versa) as several reports have proved
the existence of a competition in the intestinal absorption
and the inverse relationship between serum Cu and the Zn
concentration (15 & 7).

In addition, there will be a subsequent deficiency of Cu/Zn
superoxide dismutase (CuZnSOD) which can protect against
random free radicals’ damage both in the cytoplasm and in
blood plasma as an antioxidant, yielding an increment in the
oxidative stress (18). However, brain is able to concentrate
physiological metals e.g. Cu and Zn up to toxic levels
determining a possible production of oxidative species
(19) while, it is still unclear if aberrant metal interactions
are a primary or secondary factor, or a consequence of the
neurodegeneration (4), still, Cu chelators have been seen to
attenuate experimental autoimmune encephalomyelitis, and
this fact would suggest a crucial role of Cu and reactive oxygen
species in initiation and progression of the disease (20).

With regards to Mg, a highly significant decrement in the
blood of MS patients is observed in comparison with its level
in control group. This is in agreement with other studies of
Forte etal, (2005) and Masoud and Fakharian, (2007). As this
essential element may affect the maintenance and function
of nerve cells as well as the proliferation and synthesis of
lymphocytes. Moreover, Mg interacts with other minerals
such as aluminum, calcium and zinc in biological systems,
supporting the assumption that modification of this element
may be a co-factor in the development of the disease (21 &
22).

Regarding EDSS score, the positive correlations between the
serum level of Cu and Mg with the progression of the score,
and the negative correlation with the Zn serum level, might be
due to the more accumulation of Cu with an increased demand
for Zn, resulting in a deficiency of the cellular antioxidant
CuZnSOD enzyme, which in turn leads to increased levels of
superoxide and nitric oxide and their production of peroxinitrite,
an extremely powerful free radical that eventually leads to
an increase in the oxidative stress which was implicated as

mediator of the myelin and axonal damage in MS (23 & 17).
While Visconti etal, (2005) found no significant changes of
Cu, Zn or Mg with his follow up study of MS patients (13),
however, the increment of Mg with disability progression in
the present study might reflects some changes in its metabolism
and homeostasis with the use of drugs in the course of disease
(17), however, some researchers found oral Mg therapy
effective in improving the range of motion and the measures
of angles at resting position in lower limbs in patients with MS
(14). These results support the hypothesis that the picture of
chemical elements in blood may be a potential discriminating
factor for MS (4), and that oxidative damage induced by the
redox activity of a target protein, that interacts with free radicals
and metal ions, has been found as a typical hallmark in the
majority of neurodegenerative disorders. This hallmark could
in principle be either the primary cause or the consequence of
disease progression (24).

Conclusion:

This study shows the existence of a clear imbalance in
oxidant-antioxidant status, towards an increasing oxidative
state in MS patients. Physical disability of MS patients can
also be quantified by biochemical studies and serum Copper,
Zinc, Magnesium and Zinc/Copper ratio levels can be used as
biological markers of patients’ disability. These changes in the
oxidative state and trace elements’ metabolism in MS, may be
the cause behind the disease, a stage during its pathogenesis,
or as a results of it, in all states they seems to have a potential
role in this disease and need further studies to clarify it.

Authors Contributions:

Dr. Ammar Thamer: Preparation, Performing and doing the
tests of the research.

DR. Najeeb Mohammad: Supervision & support, as it is
derived from PhD thesis.

Dr. Akram Ibrahim: Supervision & provide patients for this
research.

References:

1. Benamer, HT.; Ahmed, ES.; Al-Din, AS. and Grosset, DG.
(2009): Review Frequency and clinical patterns of multiple
sclerosis in Arab countries: A systematic review. J Neurol Sci.
15;278(1-2):1-4.

2. Oksenberg, JR. and Baranzini, SE. (2010): Multiple
sclerosis genetics-is the glass half full, or half empty?. Nature
Reviews Neurology, 6, 8, 429-437.

3. Ciccarelli, O.; Toosy, AT.; Hickman, SJ.; Parker, GJ.;
Wheeler-Kingshott, CA.; Miller, DH. and Thompson, AJ.
(2005): Optic radiation changes afier optic neuritis detected
by tractography-based group mapping. Hum Brain Mapping.
25:308-316.

4. Forte, G.; Visconti, A.; Santucci, S.; Ghazaryan, A.; Figa-
Talamanca, L.; Cannoni, S.; Bocca, B.; Pino, A.; Violante, N.;
Alimonte, A.; Salvetti, M. and Ristori, G. (2005): Quantification
of chemical elements in blood of patients affected by multiple
sclerosis. Ann Ist Super Sanita;41(2):213-216.

J Fac Med Baghdad

Vol.56, No.2, 2014



The Role of Trace elements in Multiple Sclerosis

Ammar A. Thamer

5. Clanet M, (2008): Jean- Martin Charcot. Multiple sclerosis
Int MSJ; 15 (2): 59-61.
6. MCS, (2013): Mayo Clinic staff: Multiple Sclerosis,

17. Masoud, SA. and Fakharian, E. (2007): Assessment
of Serum Magnesium, Copper, and Zinc Levels in Multiple
Sclerosis (MS) Patients. Iranian Journal of Psychiatry and
Behavioral Sciences (IJPBS); 1, 2,: 38-42.

Tests and diagnosis.  http://www.mayoclinic.com/health/
multiple-clerosis/DS00188/DSECTION=tests-and-diagnosis.
(Internet: 3-4-2013)

7. Al-Zubaidi, M. (2012): The Effect of Interferon Beta-1b and
Methylprednisolone Treatment on the Serum Trace Elements.
Journal of Clinical and Diagnostic Research., Vol-6(6): 994-
998. (from IVSL)

8. Melo, TM.; Larsen, C.; White, LR.; Aasly, J.; Sjbakk,
TE.; Flaten, TP, Sonnewald, U. and Syversen, T. (2003):
Manganese, copper, and zinc in cerebrospinal fluid from
patients with multiple sclerosis. Biol Trace Elem Res;93(1-
3):1-8.

9. Smith, KJ.; Kapoor, R., and Felts, PA. (1999):
Demyelination: the role of reactive oxygen and nitrogen
species. Brain Pathol. 9(1):69-92.

10. Etemadifar, M. and Abtahi. SH. (2012): Multiple sclerosis
in Isfahan, Iran: Past, Present and Future. Int J Prev Med.;
3(5): 301-302. (from 1VSL)

11.Trojano, M.; Lucchese, G.; Graziano, G.; Taylor, BV
Simpson, Jr.; Lepore, V.; Grand Maison, F.;, Duquette, P.;
Izquierdo, G.; Grammond, P.; Pia Amato, M.; Bergamaschi,
R.; Giuliani, G.; Boz, C.; Hupperts, R.; Van Pesch, V.,
Lechner-Scott, J.; Cristiano, E.; Fiol, M., Oreja-Guevara,
C.; Laura Saladino, M.; Verheul, F.; Slee, M.; Paolicelli, D.;
Tortorella, C.; D’Onghia, M,,; laffaldano, P. and Direnzo,
V. (2012): Geographical Variations in Sex Ratio Trends
over Time in Multiple Sclerosis. PLoS ONE 7(10): e48078.
(Internet 21-8-2013).

12. Kampman, MT, Aarseth, JH.; Grytten, N.; Benjaminsen,
E.; Celius, EG.; Dahl, OP.; Holmoy, T.; Loken-Amsrud, K.,
Midgard, R.; Myhr, KM.; Risberg, G.; Vatne, A. and Torkildsen,
0. (2013): Sex ratio of multiple sclerosis in persons born
from 1930 to 1979 and its relation to latitude in Norway. J
Neurol.;260(6):1481-8.

13. Visconti, A.; Cotichini, R.; Cannoni, S.; Bocca, B.; Forte,
G.; Ghazaryan, A.; Santucci, S.; D’ Ippolito, C.; Stazi, MA.;
Salvetti, M.; Alimonti, A. and Ristori, G. (2005): Concentration
of elements in serum of patients affected by multiple sclerosis
with first demyelinating episode: a six-month longitudinal
Jollow-up study. Ann_Ist Super Sanita; 41(2): 217-22. (from
IVSL)

14. Rossier, P; van Erven, S. and Wade, DT. (2000): The
effect of magnesium oral therapy on spasticity in a patient with
multiple sclerosis. Eur J Neurol,7:741-4.

15. Shaheen, HA.; Abou-krysha, NT, Zaki, MA.; Keshk,
NA.; shalabi, NM.; Ramzy, G. and Rashed, L. (2006): Trace
Elements and Antioxidant in Multiple Sclerosis. Egypt J.
Neurol Psychiat Neurosurg, 43(1): 459-470). (from
1VSL)

16. Yanik, M.; Kocyigit, A.; Tutkun, H.; Vural, H. and Herken,
H. (2003): Plasma manganese, selenium, zinc, copper and
iron concentrations in patients with schizophrenia, Biol Trace
Elem Res, 93(1-3): 1-8.

18. Shenkin, A. and Baines, M. (2008): Vitamins and Trace
Elements. In: Burtis CA, Ashwood ER, Bruns DE and Sawyer
BG. (Ed). Tietz Fundamentals of Clinical Chemistry. 5th ed.s
Saunders Elsevier Missouri,Ch 27: 476-508.

19. Bush, AL (2000): Metals and neuroscience. Curr Opin
Chem Biol.;4(2):184-91.

20. Offen, D.; Gilgun-Sherki, Y.; Barhum, Y.; Benhar, M.;
Grinberg, L.; Reich, R.;, Melamed, E. and Atlas, D. (2004):
A low molecular weight copper chelator crosses the blood-
brain barrier and attenuates experimental autoimmune
encephalomyelitis. J Neurochem;89(5):1241-51.

21. Durlach, J.; Pagés, N.; Bac, P; Bara, M. and Guiet-
Bara, A. (2004): Importance of magnesium depletion with
hypofunction of the biological clock in the pathophysiology of
headhaches with photophobia, sudden infant death and some
clinical forms of multiple sclerosis. Magnes Res.;17(4):314-
26.

22. Charles, DJ. (2013): Antioxidant assays. In: Antioxidant
properties of spices. herbs and other sources. Springer, New
York, Part 1,Ch.2, pp: 9-39.

23. Johnson, S. (2000): The possible role of gradual
accumulation of copper, cadmium, lead and iron and gradual
depletion of zinc, magnesium, selenium, vitamins B2, B6, D,
and E and essential fatty acids in multiple sclerosis. Med
Hypotheses.;55(3):239-41.

24. Gaeta, A. and Hider, RC. (2005): The crucial role of
metal ions in neurodegeneration: the basis for a promising
therapeutic strategy. Br J Pharmacol. ;146(8):1041-59.

J Fac Med Baghdad

220

Vol.56, No.2, 2014



