Original Articles

Serum Iron and Zinc Levels in Lebanese Multiple Sclerosis
Patients
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Abstract

Purpose: Multiple sclerosis (MS) is an autoimmune disease of the central nervous system that attacks
mainly the myelin sheath covering the axons of neurons. Various studies have reported a potential role
of zinc and iron in MS disease. The aim of this study is to estimate the serum level of iron and zinc in

Lebanese MS patients.

Methods: Sixty-nine participants were enrolled in this study, 27 were diagnosed with MS according to
McDonald’s criteria and 42 were normal control. Subjects were matched in age. Serum iron and zinc
levels were measured using colorimetric methods. Descriptive methods and Mann-Whitney U test

were used in the statistical analysis.

Results: The mean age of MS patients and healthy subjects was 42.8 and 38.3 years respectively. The
mean serum iron level in patient and control groups was 84.7 and 83.3 pg/dl respectively. The mean
serum zinc level in patient and control groups was 80.6 and 82.0 pg/dl respectively. No significant
association was observed between serum iron and zinc levels in both groups. No association was also
observed between serum iron and zinc levels in terms of gender.

Conclusion: Our results showed no significant difference in serum iron and zinc levels between MS

patients and healthy controls.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic neurodegenerative
disease of the central nervous system (CNS) affecting
mainly young adults . Demyelination, degeneration
and progressive axonal loss are the main characteristics

of this autoimmune disorder that may progress from
relapsing-remitting course to much more complicated
forms * . Although its etiology is not well understood,

the onset of the disease may happen due to genetic ¥ and

. 5) - . . 6 ..
environmental factors ™, infectious diseases ©, nutrition
7 . 8 .
" as well as exposure to several minerals ®  Toxic
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mineral levels can provoke metabolic, immunological,
and neurological damage affecting the structure of diverse
proteins in the myelin sheath altering the normal function
of the central nervous system (CNS) . Autoimmune
demyelination may arise through autoantibodies secretion
leading to phagocytic actions of myelin, thus resulting in
progressive damage of the oligodendrocytes and formation
of plaques that can be visualized by magnetic resonance
imaging (MRI)"”.

Minerals are essential for normal body growing
and they play a fundamental role as cofactors in cellular
energy production and other biochemical processes '"'*.
Zinc (Zn) is one of the most important mineral in the body
especially for the nervous system as it acts as cofactor for
distinct enzymes such as matrix metalloproteinase (MMP)
and plays a central role in various proteins like myelin
basic protein (MBP) "”. A network of protein including
zinc transporters, intracellular binding proteins and
channels contributes in the translocation and homeostasis
of zinc in the CNS Y. However, an abnormal vesicular
zinc release may lead to matrix metallopeptidase-9
(MMP-9) stimulation causing blood-brain barrier (BBB)
disruption accompanied with an infiltration of autoimmune
cells and antibodies that attack myelin sheath . A high
level of zinc in neurons may also contribute in protein
kinase C (PKC) and NADPH oxidases activation and
superoxides production resulting in poly (ADP-ribose)
polymerase-1 (PARP-1) activation in the nucleus, leading
to neurotoxicity "®.

Iron (Fe) is a crucial element for human life as it
enters in the structure of different proteins like hemoglobin
and acts as cofactor for several enzymes especially those
engaged in neurotransmitter synthesis and myelination
process U7 However, an imbalance in iron homeostasis
is thought to contribute to the neurodegeneration and
inflammation in MS, due to microglia activation,
mitochondrial dysfunction and free radicals release in the
entire body especially in the CNS "?. Tron accumulation
in the brain was observed in case of BBB impairment due
to reduced iron clearance as a result of axonal damage
or dysregulation of iron transport proteins caused by
inflammation ",

The most common clinical features of the disease
are cerebellar symptoms, motor and sensory dysfunction,
bowel and bladder perturbations, eye movement

oy L 20
abnormalities as well as numbness and spasticity *”.

Studies revealed that diet containing magnesium and zinc
were able to improve MS symptoms implicating their
role in MS. In contrast, high levels of metals such as iron,
copper, lead and cadmium are believed to play a role in
MS etiology ®". The assessment of these metals in MS
patients may lead to an effective progress towards MS
treatment through nutritional supplementation.

The aim of the current study is to investigate the levels
of zinc and iron in the serum of Lebanese MS patients.

METHODS

A. Participants

Twenty-seven patients with relapsing-remitting
Multiple sclerosis (RRMS) disease course according to the
diagnostic criteria of McDonald’s and 42 healthy controls
with no neurological disease from the same geographical
areas (Tripoli and Bekaa cities of Lebanon) were enrolled
in this study. Informed consent was obtained from all
participants. The study was approved by Beirut Arab
University institutional review board with a code number
of 2019A-0042-S-P-0337. Relevant clinical data including
age, family neurological history, medical history, treatment
and clinical complication were collected through a well-
designed questionnaire.

All participants were not using any mineral
supplements. None of the participants had mal-absorption
syndrome, cardiovascular diseases, cancer, nor chronic
inflammatory disorders such as diabetes mellitus,
rheumatoid arthritis and asthma. The MS patients and
controls were matched in age.

B. Quantification of Zinc and Iron Levels in Serum

Five ml of venous blood was drawn from controls and
MS patients during remission stage. Serum was separated
by centrifugation at 9,000 x g for ten minutes and was
immediately tested or stored at -20 °C until analysis. The
serum Zn and Fe and were measured by colorimetric
method using specific kits from DIALAB, Austria.
Analyses were performed in triplicate and the mean value
was calculated.

C. Statistical Analyses
All statistical analyses (percent, mean, Mann-Whitney
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U-test) were performed using SPSS version 20. P-values
smaller than 0.05 were considered statistically significant.

RESULTS

A. Demographic Data of Participants

The characteristics of both MS patients and controls
are shown in Table 1. Thirteen MS patients were male
and 14 were female. As for the controls, 13 were male
and 29 were female. The average age of MS patients was
42.8 years versus 38.3 years for controls. All MS patients
were in the relapsing-remitting multiple sclerosis (RRMS)
disease course with an Expanded Disability Status Scale
(EDSS) mean of 3.8 and a Multiple Sclerosis Severity
Score (MSSS) of 5.5. The mean age of all male and female
participants was 43.4 and 37.7 years respectively. Male
participants’ age ranged between 18 and 72 years while the
female participants’ age ranged between 22 and 73 years.

B. Clinical Profile of MS Patients

The peak age of MS onset in our study was in the
third decade with 60.7% of cases developing their first
symptoms between 20 and 40 years where they represent
75% of cases. Disease duration was ranging from 7 to
25 years. The female to male ratio was 1.2:1. A positive
family history for MS was present in 28.6% of patients.

Table 1. Characteristics of participants.

The most common symptoms were sensory (53.4%),
visual (53.4%) and motor (25%) perturbations. Bladder
dysfunction was noticed in approximately 50% of the MS
patients. Constipation was a frequent trait which may be
due to spinal cord impairment, reduced motility and diet
composition that has been registered in 50% of the study
population. Low physical disability was reported in 46.4%
of patients and 28.6% of the patients were ambulant, self-
dependent and capable of performing daily activities.
This is correlated with the partially preserved cognitive
functions of the patients in the current study.

C. Iron and Zinc Serum Levels in MS Patients and

Controls

The mean iron serum level in MS patients and controls
was 84.7 and 83.3 ug/dl respectively while the mean zinc
serum level in MS patients and controls was 80.6 and 82.0
pg/dl respectively.

No significant difference in terms of iron (P=0.796)
and zinc (P=0.640) serum levels was registered between
MS patients and controls (Table 2).

D. Iron and Zinc Serum Levels in Different Groups
according to Gender
The mean iron serum level in male of MS patients
and controls was 94.0 and 92.7 pg/dl respectively while

Cases (n=27)

Controls (n=42)

Mean age + SD 428+129 383+16.0
Male (mean age + SD) 13 (46.8 £ 12.0) 13(41.0+19.8)
Female (mean age + SD) 14 (38.1 £ 13.2) 29 (36.8 £ 13.7)
Disease course RRMS
EDSS mean 38
MSSS mean 55

EDSS: Expanded Disability Status Score; MSSS: Multiple Sclerosis Severity Score; SD: Standard Deviation; RRMS: relpasing-

remitting multiple sclerosis

Table 2. Iron (Fe) and zinc (Zn) serum levels in MS patients and healthy individuals.

Metal serum level
Cases (n=27)

Controls (n=42)

P-value CI 95%

(pg/dl)
Fe (mean = SD) 847 +35.1 83.3+397 0.796 -17.35;20.07
Zn (mean + SD) 80.6+ 152 820+17.6 0.640 9.71;6.78

Acta Neurologica Taiwanica Vol 29 No 1 March 2020



Table 3. Iron (Fe) serum level in different groups according to gender.

Iron serum level

Cases (n=27) Controls (n=42) P-value CI95%
(ug/dl)
Male (mean + SD) 94.0+40.3 92.7+31.8 0.758 -27.46 ;29.88
Female (mean + SD) 80.3 £30.2 792 +427 0.824 -27.52;29.58
Table 4. Zinc serum level in different groups according to gender.
Zinc serum level
Cases (n=27) Controls (n=42) P-value CI95%
(pg/dl)

Male (mean + SD) 795172 83.8+19.0 0.410 -18.76 ; 10.11
Female (mean + SD) 81.7+11.7 81.0+169 0.766 -10.48 ; 12.00

the mean iron serum level in female of MS patients and
controls was 80.3 and 79.2 pg/dl respectively.

No significant difference was shown between males
(P=0.758) and females (P=0.824) of both groups (Table 3).

The mean zinc serum level in male MS patients and
controls was 79.5 and 83.8 pg/dl respectively while the
mean zinc serum level in female MS patients and controls
was 81.7 and 81.0 ug/dl respectively.

No significant difference was noticed between males
(P=0.410) and females (P=0.766) of both groups (Table 4).

DISCUSSION

Multiple sclerosis is an autoimmune neurodegenerative
disease attacking brain and nerves . Recently, many
studies shed the light about the implication of minerals
in the pathogenesis of the disease ****. In our study, no
significant difference was obtained between MS patients
and healthy subjects in terms of iron and zinc serum levels
and according to gender. Similar results were shown
in studies performed on Greek, Italian and Egyptian
populations “****”_ However, other studies showed higher
iron serum levels in MS patients compared to control
groups “*"* Higher iron level in urine was also detected
in MS group in comparison to control group “”. In active
MS lesions, iron is released from dying oligodendrocytes,
leading to extracellular accumulation of iron in brain,
causing symptoms as severe as iron deposit ©'”?,
Hence, iron imbalance may be the cause of brain tissue
inflammation leading to MS disease ****. Furthermore,
brain iron excess levels contribute to oxidative stress

with an abnormal iron metabolism leading also to iron
accumulation causing neurodegeneration *>*”. Generation
of free radicals through the reduction of free iron causes
lipid peroxidation and mitochondrial dysfunction “”. Free
radicals attack also the myelin sheath and axons “*. Iron
chelators, that bind free iron in the blood circulation,
inhibit its entry in redox reactions .

On the other hand, many studies investigated zinc
association with MS. Zinc levels were lower in serum of
MS patients compared to controls “****"_ Other studies
done in Sweden and Iran reported a higher level of zinc in
MS patients in comparison to controls “”. Dore-Duffy et
al. showed that zinc serum level was significantly higher
only in male MS patients “”. In our study, no significant
difference was observed in zinc serum levels between
MS patients and controls. Similar results were obtained
in different studies “**”. Findings showed that zinc
deficiencies induce apoptosis in neural cells while high
zinc levels exert neurotoxic effect “**.

Zinc low levels reduce distinct functions in the
immune system including T-helper cell function, peripheral
T-cell number, NK-cell and cytotoxic T-cell activities, and
neutrophil and macrophage functions ®”. Zinc deficiency
is directly involved in the exacerbation of MS. In fact, a
decreased level of intracellular zinc can activate dendritic
cell maturation that results in increased of costimulatory
molecules and cell-surface expression of MHC, leading
probably to the activation of T-cells and T-cell mediated
autoimmunity ©”. High levels of zinc alone allow the
over-expression of the high-affinity receptor for IL-2,
essential for the proliferation and differentiation of CD4+
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and CD8+ lymphocytes to effector cells, in addition to
microglia activation which are the residential immune cells
of the CNS playing an important role in the pathogenesis
of MS ©?. Matrix metalloproteinases zinc dependent are
involved in the remodeling of the extracellular matrix
like the degradation of BBB ®” and myelin basic protein
(MBP) ®?, conferring a potential important function in the
pathogenesis of MS from one side and in the development

of new treatments for MS from another side .

CONCLUSION

Our findings do not show significant correlation
between serum iron and zinc levels and MS disease in
Lebanese population living in Bekaa and Tripoli cities
confirming other studies done on other populations. They
do not contradict the contribution of iron and zinc in the
disease but show them as non-reliable MS biomarkers.
Measurements of these two metals in other body fluids
and biological tissues as well as the recruitment of a larger
number of participants in other Lebanese regions is needed
for a better understanding of the involvement of these
metals with the pathogenesis of MS.
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