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Abstract Exposure to heavy metals has been associated to
a higher incidence of multiple sclerosis. In this work, we
present a possible relationship between serum mercury
levels and development of multiple sclerosis in Isfahan, the
third largest city in Iran. Seventy-four patients affected by
multiple sclerosis were retrieved from multiple sclerosis
(MS) clinic in Isfahan, Iran. By matching sex and age, 74
healthy volunteers were chosen as control group. Blood
samples were collected and serum mercury content was
determined. Serum mercury level in MS patients was
significantly higher than controls (9.6±10.17 vs. 5.7±8.6,

P=0.037). Concerning all MS patients, serum mercury
value was significantly higher than the mercury concentra-
tion founded in control subjects {odd ratio: 2.39 (CI, 1.96–
2.94), P=0.00}. Serum mercury level is higher in MS
patients with odd ratio equal to 2.39 compared with healthy
individuals. It may reveal that high mercury levels in serum
might help MS development in susceptible individuals.
More studies with larger sample size are needed to confirm
this hypothesis.
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Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating
disorder of the central nervous system (CNS) [1]. Although
genetic and immunological factors have been strongly
mentioned to be associated with MS pathogenesis, the
ultimate etiology of MS remains uncertain [2, 3]. Appar-
ently, both genetics and environmental factors are important
in pathogenesis of multiple sclerosis [4]. Recently, envi-
ronmental factors such as pathogens and chemicals (toxic
elements) have been suggested to play a significant role in
MS pathogenesis. Moreover, exposure to heavy metals has
been associated to a higher incidence of multiple sclerosis
[5–8]. Among all, mercury is assumed to be one of the most
toxic within nonradioactive elements. Dietary use of
predatory fish is considered to be the most frequent
resource of organic mercury exposure [9]. Moreover,
mercury and its derivatives have been widely used in
different products including antiparasitics, antiseptics, den-
tal amalgams, medical equipment, and beauty creams.
Subsequent to growing industrial applications of mercury,
its environmental level is estimated to increase more than
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threefold in the past century [10, 11]. Casualties who
exposed to mass exposure in Japan during 1950–1960
along with victims in Iraq through 1971–1972, were related
to mercury-contaminated fish and fungicide in seed grains,
respectively. This highlights the role of mercury as an
important neurotoxicant [12, 13]. Meanwhile, there are
many unsubstantiated claims that chronic mercury poison-
ing causes neurological diseases and behavioral problems.
MS is also reported to be due to chronic mercury
intoxication. Review of recent literature claims that mercu-
ry used in dental amalgams may lead to nephrotoxicity,
neurobehavioral changes, autoimmunity, and oxidative
stress [14–16]. Dental amalgam is an alloy which contains
about 50% mercury and is frequently used in dentistry as a
tooth-filling material [11, 17]. There are many studies
which have shown that dental amalgams may contribute in
pathogenesis of various tissue burdens, particularly within
CNS, kidneys, and certain glands [12]. Meanwhile, in
1986, a correlation between multiple sclerosis and chronic
exposure to mercury via dental amalgam fillings was
reported [18].

Due to high incidence of multiple sclerosis and also
industrial pollutions in Isfahan, we studied the possible
relation between serum mercury level and development of
MS in Isfahan that is the third largest city of Iran.

Methods

Patients Seventy-four patients (60 females and 14 males)
affected by multiple sclerosis were retrieved from MS clinic
in Isfahan, Iran. Patients mean age was 30.97±9.07 years
and only individuals with expanded disability status scale
less than 3 were enrolled in our study. All patients were
definite MS diagnosed by a neurologist according to
McDonald criteria [19]. Indeed, they were all in relapsing
remitting status and were clinically stable for the past
3 months. Meanwhile, by matching sex and age and the
place for residence for the patient group, 74 healthy
volunteers (58 female and 16 male; p value, 0.275) were
chosen as control group. The control group was chosen
from volunteers, who were students of Isfahan University
of Medical Sciences, School of Pharmacy. Mean age of
control subjects was 29.50±10.58 and the difference
between patients and controls was not significant (p value,
0.395). In both groups, individuals with cardiological,
kidney, respiratory or liver diseases and also vegetarians,
were excluded. The project was approved by the ethics
committee of Isfahan University of Medical Sciences and
both control and patient groups filled out the inform
consents accepted by the committee. Neurological disability
was rated based on the Kurtzke scale and all patients were
assessed during a stable period of their illness [20].

Biochemical Analysis Blood samples were collected
through venipuncture by using trace element-free evacuated
tubes. After centrifugation at 1,000×g for 15 min, serum
was separated and frozen at −20°C. The mercury content of
serum was determined by atomic absorption spectrometry
using cold-vapor atomization. The specimens were mixed
with a strong oxidizing agent to convert all species of
mercury to Hg. Argon was bubbled through the specimen
to release Hg into the vapor phase and the transmittance
was monitored, then the quantity of the total mercury in the
specimen with using standard curve was measured [21].

Data Analysis Standard statistical methods (X , SEM) were
utilized to summarize parametric values and t test was
employed to compare the control group versus group of
patients affected by multiple sclerosis. Data were analyzed
using SPSS software (version 15) and P value<0.05 was
regarded as significant. Moreover, up to 95th percentile of
the serum mercury level in control subjects was considered
as normal and higher amounts of mercury was regarded as
abnormal levels, when we compared mercury amount of
serum among control and patients. Then, chi-square test
and risk estimation was used for categorical variables.

Results

The mean serum mercury level in MS patients and controls
was 9.6±10.17 vs. 5.7±8.6, P=0.037. Therefore,
concerning all MS patients (n=74), serum mercury value
was significantly higher than the mercury concentration
founded in control subjects. By considering more than 95th
percentile of serum mercury level as abnormal, abnormal
high levels of serum mercury in control subjects was
estimated as 19.7 μg/L. Serum mercury level was signifi-
cantly more abnormal in MS patients comparing to controls
{odds ratio 2.39, (CI, 1.96–2.94), P value 0.000}. Accord-
ing to the subgroup of females, the odd ratio was {odds
ratio 2.32, (CI 1.85–2.94), P value 0.000}. Additionally, in
the male subgroup, the odd ratio was {odds ratio 2.85, (CI
1.72–4.76), P value 0.028}.

Discussion

Serum mercury level in healthy individuals and MS patients
differed significantly. This difference was also observed in
male and females. Additionally, abnormal high level of
mercury was observed to be more in MS patients, revealing
that high amounts of mercury in serum could be a factor
that increases susceptibility of individuals to multiple
sclerosis.
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The global prevalence of MS is increasing and is
expected to be approximately 3.6/100,000 person-years in
women and 2.0/100 000 person-years in men, which
reveals the female preponderance [22]. Nevertheless, MS
course is more benign in females and younger individuals
[23]. Males are older at onset and are susceptible for having
more progressive disease course and a more rapid progres-
sion of the disease [24]. Here, in this study, we could not
find any association between serum mercury level and
different sex, so it appears that mercury alone may not
contribute to the different susceptibility of sexes in
developing MS. However, further studies are needed to
evaluate the association between mercury exposure and
different susceptibility of sexes and also varied severity in
the course of MS.

Usual values for whole blood mercury are less than
6 μg/L; however, taking diets rich in fish might cause
elevated mercury levels [9]. Mercury has a short half-life in
the blood; therefore, if the exposure is chronic, obtaining
urine levels in 24-h collections is more accurate [9]. Further
researches with larger sample and different method for
mercury evaluations are needed to establish the role of such
toxic element in pathogenesis of MS.

Mercury is a potent toxin which affects the basic
functions of the cell, through binding strongly with
sulfhydryl and selenohydryl groups on albumin mole-
cules in cell membranes, receptors and intracellular
signal links, and by modifying the tertiary structure.
One popular hypothesis that is frequently propounded in
the literature suggests mercury to be toxic due to
inducing production of free radicals and modifying the
redox potential of the cell [25]. Otherwise, low concen-
trations of mercury may provoke phosphorylation and
consequently intracellular signaling [26]. Mercury also
inhibits the development of cytoskeleton structure in nerve
cells and breaks it down [27]. Tschudi et al. studied the
incidence of apoptosis within cultures of fetal rat brain and
found that mercury speeds up the spontaneous apoptosis
in immature cultures, especially astrocytes [28]. In another
survey, Shenker et al. demonstrated that mercury is able to
induce an apoptotic cascade in human T lymphocytes
[29]. Duxbury et al. have also shown that mercury is toxic
for oligodendroglial cells and human oligodendroglial cell
line MO3.13. They choose this cell line to model the loss
of oligodendrocytes occurring through episodes of MS.
They show that damages are caused by specially an
apoptotic manner, when exposed to low concentration of
Hgcl2 [30]. On the other hand, MS is a degenerative
disease of the central nervous system affecting the
oligodendroglial components of the nerve. The patholog-
ical hallmark of MS is the plaque, a well-demarcated gray
or pink lesion, characterized histologically by complete
myelin loss, an absence of oligodendrocytes and relative

sparing of axons. Oligodendrocytes are destroyed as an
early event during the disease pathogenesis and are also
found to be distressed in chronic lesions [31]. Although
several observations were made to explain the possible
role of mercury in MS etiology, the exact pathogenesis is
still unclear. Circumstantial evidence includes empirical
observations in which accidentally ingested mercury
produces a set of symptoms similar to those observed in
MS patients [32]. Dental amalgam fillings containing
mercury have been suggested as a possible risk factor for
MS as well [15]. Bangsi et al. [33] counted the number of
amalgam restorations and found a higher amount of dental
amalgams in MS patients. Yet, McGrother CW et al.,
found no relationship between the high levels of mercury
in blood and urine as well as the raised number of
amalgam fillings, and susceptibility to multiple sclerosis
[16]. After all, Etminan et al., within a meta-analysis,
found a slight, non-statistically significant increase of MS
development while dental amalgams are used [11].
However, we showed the association between mercury
blood level and MS, with odd ratio equal to 2.39 (2.94–
1.94). Nevertheless, further complementary observations
are needed to uncover the inter-relationship between MS
and mercury as well as other heavy metals within CSF,
blood, and urine samples.

In conclusion, serum mercury level is higher in MS
patients with odd ratio equal to 2.39 compared with healthy
individuals, revealing that high amounts of mercury in
serum might be a factor that increases susceptibility to
multiple sclerosis. More studies with larger sample size are
needed to confirm this hypothesis.
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