Y T T
SN
O ~

Avicenna Journal of Pharmaceutical Research
Avicenna ] Pharm Res, 2022; 3(1):45-54. doi:10.34172/ajpr.2022.1063

AN >

UMSi;ii\JPress

»

Check for
updates

http://ajpr.umsha.ac.ir

Toxic Environmental Factors and Multiple Sclerosis: A
Mechanistic View

Sayyed-Ali Tabatabaei' ~, Saba Ariafar', Mojdeh Mohammadi

'Department of Pharmacology & Toxicology, School of Pharmacy, Hamadan University of Medical Sciences, Hamadan, Iran

Article history:

Received: April 7, 2022
Revised: June 20, 2022
Accepted: June 21, 2022
ePublished: June 30, 2022

Abstract

Multiple sclerosis (MS) is an acquired inflammatory and neurodegenerative immuno-mediated disorder of
the central nervous system (CNS) characterized by inflammation, demyelination, and primary or secondary
axonal degeneration. Epidemiological studies have suggested that both genetic and non-genetic risk factors
are involved in the etiology of MS. Non-genetic factors include infections, vaccinations, nutritional habits,
hormonal factors, and physical and chemical agents. Toxic environmental factors have been proposed
to play a considerable role in MS pathogenesis. This review explored pieces of evidence and potential
mechanisms of action for some toxic factors such as heavy metals, organic solvents (OSs), tobacco
smoking, plastic monomers, additives, and pesticides. The obtained findings provide us with the potential
for prevention, especially for people at greater risk such as individuals exposed to these toxic factors. It
should be noted that further investigations are needed to find precise mechanisms of causality in humans
and to develop defensive approaches.
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Introduction

Multiple sclerosis (MS) is a chronic demyelinating
disease of the white matter of the central nervous system
(CNS) affecting about 2.5 million people worldwide.
This incapacitating disease of the CNS usually follows
a waxing and waning course over many years before
advanced disability supervenes (1). It is hypothesized
that the loss of axons is the main mechanism underlying
progressive disability (2). Most of the damage in MS
is due to peroxynitrite, which results from excess
superoxide anions (3). Three forms of MS are relapsing-
remitting, relapsing progressive, and primary progressive.
MS is more frequent in women than in men with a 3:1
ratio. It clinically manifests itself with signs of multiple
neurological dysfunctions (e.g., visual and sensory
disturbances, bilateral Babinski signs, limb weakness, gait
problems, and bladder and bowel symptoms) followed
by recovery or growing disability because of irreversible
functional disability over time (1,4). It is assumed that
both environmental and genetic factors exert an effect on
MS.

Based on previous findings, various environmental
factors play a role in the development of this disease.
Environmental agents are believed to trigger a T-cell-
mediated chronic inflammatory response to myelin
proteins in individuals with a genetic predisposition,

creating the characteristic lesions that cause disease
(5,6). Therefore, examining environmental stressors and
genes that modulate the immune system concurrently
represents the best starting point for exploring the
etiology of MS. Numerous environmental exposures
such as heavy metals, organic solvents (OSs), ultraviolet
radiation, infections, and diet have been investigated as
possible etiologic factors for MS with inconsistent findings
(4,7,8). Some studies support the etiologic role of metals
in autoimmune disease and highlight the importance
of interactions between genes and the environment. In
genetically susceptible animals, mercury exposure even
at low doses accelerates autoimmune disease and leads to
disruption in cytokine production (9). In addition, low
to moderate levels of lead exposure can cause functional
alterations in T lymphocytes and macrophages, leading to
increased hypersensitivity, altered cytokine production,
and increased risk of inflammation-associated tissue
damage (10). In no-predisposed animals, pretreatment
with inorganic mercury can exacerbate autoimmune
disease even prior to disease induction (11). Moreover,
exposure to OSs such as toluene or xylene has been
postulated to affect MS risk through altered immune
function or neurotoxicity (12,13).

Although it is believed that MS is multifactorial
in etiology, finite studies have examined the role of

the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use,

2 ! ©2022 The Author(s); Published by Hamadan University of Medical Sciences. This is an open-access article distributed under

distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-8443-6239
https://orcid.org/0000-0002-3957-2781
http://crossmark.crossref.org/dialog/?doi=10.34172/ajpr.2022.1063&domain=pdf&date_stamp=2022-06-30
https://doi.org/10.34172/ajpr.2022.1063
http://ajpr.umsha.ac.ir

mailto:m.mohammadi@umsha.ac.ir
mailto:m.mohammadi@umsha.ac.ir

Tabatabaei et al

environmental toxic factors such as heavy metals,
solvents, plastic monomers, additives, and pesticides
in the susceptibility of genes associated with immune
response and subsequent development of MS. This review
aimed to investigate the associations between MS and
some environmental toxic factors such as heavy metals,
OSs, plastic monomers, additives, and pesticides.

Heavy Metals

Mercury

Dental amalgam, a tooth-filling (14) compound which

contains about 50% mercury in a multipart mixture

of copper, tin, silver, and zinc, is the main source of

human mercury body burden (15-17). On the other

hand, mercury is one of the most toxic elements among

others, especially when it is in the gas phase (16).

Amalgam emits mercury vapor, increased by chewing,

eating, brushing, and drinking hot liquids. Fishes (mostly

predators), antiparasitics, antiseptics, preservatives,

pesticides, fungicides, and beauty creams are mercury’s

environmental exposure sources (18,19). It should be

noted that mercury accumulates in the body during the

long exposure time, and its deposits in the brain and bone

tissues last from several years to decades (16). Mercury

affects biological systems by the following mechanisms:

*  Breaking hydrogen bands

»  Displacing with other metallic ions

»  Disturbing the catalytic activity because of structural
changes in proteins

e Alteration of translation, leading to mutagenic and
carcinogenic activity

¢ Binding strongly with sulthydryl and selenohydryl
groups (20,21).

It was observed that mercury serum level is higher in
MS patients compared to the control individuals which
indicates that mercury serum level is a factor that can
increase susceptibility (18). Moreover, the mercury
content of the cerebrospinal fluid of MS patients is higher
than that in normal people (22). It has been suggested
that there is a correlation between MS clusters and dental
silver-mercury fillings (23). On the other hand, there
are also studies suggesting the association between MS
and dental amalgam (24). Based on the findings from
an investigation, MS patients with amalgam fillings
had meaningfully more neuromuscular exacerbations
compared to those who had removed amalgam fillings.
Furthermore, it has been revealed that electrophoretic
bands of cerebrospinal fluid proteins were normalized
after removing the dental amalgam (15). Another
study discovered that amalgam removal can improve
autoimmune diseases such as MS (15,25). In a study, it was
reported that MS patients with dental amalgam fillings
have meaningfully lower levels of red blood cells (RBCs),
hemoglobin, hematocrit, serum IgG, and higher blood
urea nitrogen compared to MS patients with amalgam
removal (19). It was also identified that mercury can
destroy the myelin sheath (19,26), decrease the velocity

of nerve conduction, induce autoimmune responses, and
damage the blood-brain barrier (BBB) which is related
to MS (19). Mercury can also produce antibodies against
myelin basic protein (MBP) (19,27,28). Moreover, based
on Issa and colleagues’ study, mercury has toxic effects
on oligodendroglia cells, which are affected in MS disease
(28). In addition, mercury contributes to the cytoskeleton
structure development destruction process in nerve
cells (18,29). Neurons, especially sensitive ones, can be
damaged by methylmercury (22,30).

On the other hand, a case-control study performed on
MS patients failed to disclose a relationship between either
the number of dental amalgam fillings or the duration of
exposure to mercury amalgam and MS (24,31).

Based on the toxicity mechanisms mentioned for
mercury, its bind to the selenohydryl groups, especially
the one in glutathione which is an efficient antioxidant in
the body, can be considered a probable role of mercury in
MS pathogenesis through oxidative stress.

Cadmium

Cadmium (Cd), one of the most important toxic metals
which is a byproduct of the mining and smelting of lead
and zinc, is used in PVC plastics, cigarettes, nickel-Cd
batteries, paint pigments, and pesticides (32). Some
exposure ways of Cd include the inhalation of polluted
air, smoking cigarette, and contaminated food (especially
seafood) and water due to the use of insecticides, fungicides,
and chemical fertilizers (32-35). It is also reported that the
wastewater used for irrigation generally has a higher Cd
concentration compared to the well water (36). Inhalation
accounts for 15% to 50% of absorption through the
respiratory system. About 2% to 7% of the ingested Cd is
absorbed in the gastrointestinal system. The target organs
of Cd are the liver, testis, placenta, kidneys, lungs, brain,
and bones (32,34). Moreover, Cd has a significantly longer
half-life in biological organs (21).

Cd can decrease glutathione levels which induce
neurotoxicity and destroy retrograde axonal transport
(37). Therefore, Cd exposure can lead to reactive oxygen
species (ROS) production which in turn can induce lipid
peroxidation and change intracellular calcium level and
membrane fluidity (38-41).

Several studies have been conducted on the relationship
between Cd and MS. In a study in 2016 in Iran, it
was observed that MS patients have higher Cd blood
concentration level (1.82+0.13 pg/L) compared to healthy
individuals (1.47+0.11 pg/L). It has been suggested
that Cd induces neurological abnormalities, cerebral
hemorrhage, and neonatal cerebral edema. Moreover, Cd
can induce the production of reactive radicals, depletion
of reduced glutathione, binding to thiol groups of various
proteins, and disruption of antioxidant enzyme activity
(35). In another study in 2017, the correlation between
heavy metal exposure and glutathione S-transferase M1
(GSTM1) polymorphism in Iranian MS patients was
studied and it was revealed that the GSTM1 null genotype
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is associated with high Cd level in relapsing remitting
MS (RRMS) patients (42). In a case study in 2012, the
removal of heavy metals improved MS disease (43). Cd
and mercury were reported to disrupt the mitochondria
of neurons by increasing intracellular ROS which directly
inhibits Janus kinase activity in neurons (44). The ROS
along with advanced glycation end products has been
implied as triggers for the production of pro-inflammatory
cytokines (43). Moreover, it was reported that the risk of
MS in smokers is partly due to Cd (32,35).

In addition, in animal fields, a significant increase in
lipid peroxidation markers (thiobarbituric acid reactive
substances and lipid hydroperoxides) and a significant
decrease in enzymatic and non-enzymatic antioxidants
(i.e., superoxide dismutase, catalase, glutathione
peroxidase, GST, reduced glutathione, vitamins C and
E, and sulthydryl groups) and glutathione metabolizing
enzymes (i.e., glutathione reductase and glutathione-6-
phosphate dehydrogenase) were reported in rats treated
with Cd (40).

Arsenic

Arsenic is one of the most toxic naturally occurring
metals, and its highest toxicity level mainly affects the
human nervous system (45). Arsenic exposure ways
include contaminated drinking water (the most common
long-term way of exposure) as well as air and food such
as seafood, rice, and mushrooms (46-48). Arsenic has two
oxidation forms: a trivalent form named arsenite and a
pentavalent form named arsenate, and the pentavalent
toxicity level is 60 times higher than trivalent toxicity (45).

Based on the findings of a study in Iran, there was a
correlation between arsenic contamination of drinking
water and MS prevalence because of ROS elevation by
arsenic (46). Moreover, it has been reported that MS
patients have higher levels of arsenic and malondialdehyde,
a lipid peroxidation marker, in serum. Indeed, arsenic can
induce inflammation, tau protein hyperphosphorylation,
ROS-mediated oxidative damage, and mitochondrial
damage which significantly contribute to the injury and
loss of both axons and neurons (45). By contrast, one
study in Taiwan revealed that arsenic concentration in
soil is negatively related to the incidence of MS (49). Based
on previous findings, oxidative stress apparently plays
an important role in MS pathogenesis or progression.
CNS is more vulnerable to the damage caused by ROS
due to the high rate of oxygen consumption, high levels
of phospholipids and mitochondria, and low levels
of antioxidants, especially the limited concentration
of reduced glutathione (48,50). Arsenic induces ROS
generation in mitochondria by deviating electrons from
the respiratory chain involved in the pathogenesis or
progression of MS (45,51).

Furthermore, arsenic exposure can cause oxidative
damage in oligodendrocytes and axons, which leads to
apoptosis, myelin destruction, and CNS degeneration
(46,52,53). Moreover, exposure to arsenic can cause neuro-
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inflammation by activating and translocating the NF-«xB
to the cell nucleus where it induces the transcription of
cytokines, chemokines, and adhesion molecules (54).

Lead

Lead isa generally distributed metal and a persistent poison
found in various forms such as lead salts and metallic
lead in minerals. It has been expended in numerous
industries, including toys, hygiene products, the printing
industry, households, and cosmetics (55). Although lead
naturally exists in almost all elements on earth (56), the
most frequent routes of lead exposure are soil, products
containing lead (e.g., batteries, cable coverings, fuel
additives, paints, insecticides, cosmetics, and plastics), and
water contamination caused by lead pipes (57-59). The
lead pollution rate has grown rapidly due to the significant
consumption of lead-contained gasoline, especially in
industrial areas (60). In addition, there is no safe level
for lead exposure due to its high toxicity (61). About 90%
of the absorbed lead is bound to the RBCs, which is in
dynamic equilibrium with plasma lead (62). It should be
noted that blood lead level in men is higher than in women
due to the higher amount of RBC, higher exposure, and
gender-related metabolism differences (35). The half-life
of lead in the human body can sometimes approach 27
years in bones (63). Some organs such as bones, brain,
blood, kidneys, and thyroid are known as the destination
for storage and toxicity of lead (32). The lead absorption
rate through the gastrointestinal system is reported to be
four times higher than in adults (57).

Lead can move across the endothelial cells at BBB. It
can be absorbed by calcium-ATPase pumps and act as a
substitution for calcium ions so it can interfere with DNA
transcription and enzymes that contribute to vitamin D
activation and enzymes that keep the integrity of the cell
membrane (64).

Vitamin D (an antioxidant) is assumed to be a protective
element in MS pathogenicity through the maintenance of
oxidative stress and DNA repair genes (65). In addition,
it is suggested as a prognosticator for MS (66). There are
both clinical and in vivo studies indicating the vitamin
D level alteration due to lead exposure. In a case-control
study conducted on jewelry workers in Bangladesh, a
decrease was reported in vitamin D levels in lead-exposed
workers. The nephrotoxicity and renal 1-a-hydroxylase
inhibition resulting from lead were suggested to be
responsible for the low vitamin D level (67). Additionally,
a study was conducted to evaluate the vitamin D level
and its metabolism in rats. At some developmental
stages of the studied animals, the findings indicated a
significant decrease in 25-hydroxy vitamin D (25(OH)
D) and an increase in hepatic 25-hydroxylase due to the
lead toxicity, as a response to 25(OH)D reduction. It is
stated that the increase in hepatic 25-hydroxylase does not
necessarily demonstrate the proper or high performance
of the enzyme. In addition, a significant decrease in
1,25-dihydroxy vitamin D was reported. On the other
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hand, vitamin D receptors in the brain significantly
increased in lead-exposed rats at all developmental stages,
which is thought to be a reflex to the decreased level of
circulating 25(OH)D in order to increase the cellular
sensitivity to vitamin D (68).

In some regions, an abnormally high MS incidence has
been proposed to be related to high levels of lead in soil,
groundwater, vegetables, and rocks (69,70). It has been
reported that toxic metals such as lead can produce free
radicals, cause BBB damage, change DNA and protein
structure, and induce lipid peroxidation (35,57). The
accumulation of some heavy metals (e.g., lead) inside the
brain cells can induce the production of autoantibodies
against MBPs, neurofilaments, and the cytoskeleton of the
neurons (4). In a study, the accumulation of some toxic
elements such as lead may play an important role in the
MS etiology of some cases. It has been realized that lead
and Cd toxicity can result in some serious diseases such as
cardiovascular diseases, diabetes, neurological disorders,
cancer, and cognitive impairments (60). These metals
have been shown to be related to the increase of ROS and
decrease of antioxidant defensive capacity (71). Lead acts
as a redox-active metal (unlike redox-inert metals such as
Cd mostly depleting the reduced glutathione and binding
to the thiol group of various proteins) and creates free
radical species by taking part in the electron transfer chain.
The molecular mechanism of lead toxicity is multifactorial
as it generates free radical species, reduces glutathione
antioxidants, prevents enzyme activity, and blocks central
trace element absorption (57,72,73). Lead has been
recognized as an important element in oxidative stress. In
a study, oxidative damage was suggested as the reason for
the demyelination plaques happening in MS (35,57,74). It
has been reported that lead may induce the immunologic
response by increasing the immunogenicity of neuronal
proteins (75). Since lead can cause the formation of
antibodies against MBPs, it is probable to play a role in
the pathogenesis of some neurological diseases such as MS
(76). In a study in 2015, it was stated that exposure to a
substantial amount of lead can raise the risk of developing
MS (77). During the development of the nervous system,
a short-time exposure to a large amount of lead may
interfere with the myelin synthesis and make a series of
irreversible changes leading to the conditions of MS (77)
According to the results of a study, the mean blood lead
levels were significantly higher in MS patients than in the
controls. Furthermore, it was reported that the risk of MS
increased by 1.17 times per each ug/L elevation of lead
in the blood (55). On the other hand, various studies on
blood lead levels have not detected significant differences
between MS patients and control groups (35,77,78).

Organic Solvents

OSs are used in broad-spectrum operations in industrial
societies, including dry cleaning, cosmetics, paintings,
disinfectants, perfumes, and fresheners. Acetone (the
simplest ketone), tetrachloroethylene, and toluene are

some compounds classified under the name of OSs (79-
81). Inhalation and dermal contact are the main routes
of both occupational and environmental exposures.
The solvents can be excreted via various pathways after
biotransformation, including unchanged exhalation or
accumulation in lipid-rich tissues such as adipose and
brain due to their high lipophilicity and ability to cross
BBB (79). OSs are metabolized through GST mainly in
the liver (82). Both peripheral and CNSs can be forced to
change by OSs. Neurotoxic effects of OSs include focus
difficulties, tiredness, and memory dysfunction (83-85).
Moreover, OS exposure is a risk factor in developing an
autoimmune disease such as MS (13,86,87). They may
interfere with fatty acid processing in the myelin and lipid
membrane (88,89). It has been found that exposure to
OSs, particularly exposure to kerosene in Italian shoe and
leather workers, raised the risk of MS (90). OSs, which are
generally used in the adhesion industry, may be involved
in pathogenic mechanisms by interfering with the immune
system (91). Results of a meta-analysis in 2012 showed a
meaningful relationship between OS exposure and the
development of autoimmune disease. Modification of
self-proteins by OSs may lead to immunologic response
and tissue injury (13). As mentioned before, OSs are
metabolized by GSTM1(an important enzyme in reactive
intermediates detoxification) and cytochrome P450
2D6. It should be noted that the null genotype (poor
metabolizer) of GSTM1 is associated with chronic toxic
encephalopathy induced by OSs (92). The immune
system can be altered by OSs via impairing phagocytosis,
diminishing serum complement level, and altering BBB
structure, leading to the appearance of lesions in the white
matter of the brain. A case report in 2001 emphasized
the effect of OSs on triggering MS by impairing the
impermeability of the BBB (93). Volatile anesthetics are
structurally linked to OSs. In a study in 2003, a high risk of
MS was detected in nurse anesthetists compared to others.
The important mechanism of MS induction by volatile
anesthetics such as halothane is the impairment of the
hepatic antioxidant defense system, resulting in oxidative
stress as a pathogenic mechanism for MS (89).

Tobacco Smoking

Tobacco smoke contains various chemicals such as
nicotine, nitrogen oxides, hydrogen cyanide, and carbon
monoxide. Many of these chemicals have established
risks to the immune system (94). Tobacco smoke changes
antigen-mediated T-cell signaling (95). This effect may
be mediated by T helper 17-cells which are linked by
aryl hydrocarbon receptors to toxic chemicals in tobacco
smoke (96-98). Tobacco smoke stimulates the activation
of neutrophils, macrophages, and monocytes (99). Based
on some findings, several inflammatory markers such
as interleukin 6 and C-reactive protein can elevate in
tobacco smokers (100,101). Other manifestations of the
immune system in tobacco smokers include abnormal
T-cell function, natural killer cell loss, and impairment
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of humoral and cell-mediated immunity (102-104).
In addition to the toxic effect on the immune system,
some tobacco smoke chemicals have a toxic effect on the
nervous system. It was demonstrated that cyanide and its
principal metabolite thiocyanate can cause demyelination
in the CNS (105). As mentioned, tobacco smoke contains
various free radical derivatives of nitric oxide (106). It has
been suggested that nitric oxide has a role in secondary
progressive MS because of axonal degeneration and
axonal conduction blocking (107). Carbon monoxide,
another component of the vapor phase, induces cerebral
demyelination (108). It has been indicated that nicotine
affects the integrity and function of the BBB which
leads to the leakage of inflammatory mediators and the
development of MS (109). Although the association
between MS and smoking has not been identified
clearly, several studies have revealed the elevated risk of
disability and accelerated conversion time from RRMS to
secondary progressive MS in tobacco smokers with MS
(110). In addition, numerous studies have established the
connotation between tobacco smoking and mortality rate
in patients with MS (111-113). On the other hand, MS
progression from clinically isolated syndrome to clinically
definite MS was not significant in tobacco smokers with
MS compared to nonsmokers (114).

Plastic Monomers and Additives

Industrial-scale production of plastic materials flourished
in the 1940s and 1950s. Plastics provide a broad spectrum
of benefits for human health which leads to diverse
consumption and consequently a large volume of waste.
Several implications are associated with plastics, including
waste recycling methods and the release of additives
embedded in them under various conditions. Additives
are chemical compounds added to improve the functional
properties of the basic polymer. The undesirable
migration of plastic additives has been studied, especially
on plasticizers and antioxidants (115). The type and
quantity of released additives may be influenced by the
presence of polymerization contaminations, degradation
mechanisms, and surrounding factors such as oxygen
and temperature. Thermal degradation of nitrogen-
containing, chlorine-containing, and fluorine-containing
plastics causes the release of hydrogen cyanide, dioxins,
and hydrogen fluoride, respectively (116). Plastic
monomers, units of macromolecules forming plastics,
tend to migrate from food packaging materials into foods.
Several studies have shown that health hazards can arise if
unreacted monomer concentrations reach a certain limit.
It has been reported that the migration of styrene and
bisphenol A can lead to neurological disorders (117,118).
Mast cells are in close contact with MS plaques (119), and
it has been observed that mast cell tryptase is elevated in
the cerebrospinal fluid of MS patients which can dissolve
the myelin sheath protein. In the common type of MS (i.e.,
RRMSY), the relapsing phase can be explained by the release
of histamine and proteases after a massive stimulation of

Toxic Environmental Factors and Multiple Sclerosis

the brain mast cells, and remitting phase can be explained
by reloading the stores of histamine and proteases. Some
findings indicated that phthalates potentiate the antibody-
induced release from mast cells (120).

In addition, plastic monomers and additives may contain
some Cd- and lead-based compounds participating in MS
pathogenesis as explained before.

Pesticides

Pesticides contain herbicides (e.g., 2,4-dichlorophenoxyacetic
acid, diquat, and paraquat), insecticides (e.g.,
organochlorines, organophosphates [Ops], pyrethroids,
and carbamates), fumigants (e.g., methyl bromide and
ethylene dibromide), rodenticides (e.g., anticoagulants), and
fungicides (e.g., captan and dithiocarbamates). Pesticides
are used vastly causing severe environmental pollution and
health hazards (121), and they stimulate the disturbance of
the total antioxidant capability, production of free radicals,
and induction of lipid peroxidation (121-123). OPs,
insecticides containing phosphorous, are cholinesterase
inhibitors, which are also used as biological warfare agents
affecting the nervous system. OPs and carbamates inhibit
the function of acetylcholinesterase, butyrylcholinesterase,
paraoxonases (esterases), and other kinds of nonspecific
esterases (121). The organochlorines, namely, chlorinated
hydrocarbon insecticides, are divided into four distinct
groups: dichlorodiphenyltrichloroethane, cyclodienes (e.g.,
aldrin, toxaphene, endrin, heptachlor, dieldrin, endosulfan,
chlordane, and chlordecone), hexachlorocyclohexane
(e.g., lindane), and other related compounds (121).
Organochlorines are extremely lipid soluble and stable against
degradation, and they have a long half-life (124). It has been
reported that organochlorines can stimulate the CNS (121)
with various mechanisms in their different subtypes.

It was reported that both acute and chronic exposure
to pesticides can occur during farming activities such
as the mixing and spraying of pesticides. The exposure
pattern is quite extensive due to the unawareness of the
toxic effects of pesticides and no use of suitable protective
equipment during the pesticide application (125).
Numerous epidemiological education has indicated that
pesticide exposure can be a significant risk factor for
neurological disorders, including Alzheimer’s disease,
Parkinson’s disease, and MS (126,127). In a study in 2014,
the excess risk of MS was observed in female agricultural
workers which could indicate the role of pesticides (128).
Along with this study, it was found that the occurrence
of MS is significantly high in districts with more pesticide
use compared to those with lesser pesticide use (129).
Moreover, it was reported that having parents exposed to
pesticides (agricultural-related occupations) is related to a
higher risk of pediatric MS (130).

Paraoxonase 1, which can be inhibited by OPs and
carbamates, may increase the peroxidase activities, which
interferes with the MS pathogenicity and oxidative stress
(131). In an animal-based study, it was reported that
the brain’s glutathione disulfide amount significantly
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increased in rats that were exposed to dichlorvos (132).

Regarding the organochlorines, a study reported that
dichlorodiphenyltrichloroethane and  methoxychlor
exposure result in the decrease of antioxidant enzymes
in rats (133), the induction of oxidative stress, and
lipid peroxidation (134,135). In another study, it was
stated that toxaphene can disturb the glutathione-redox
balance (136). In addition, some other cyclodienes such
as endrin, endosulfan, and dieldrin have been reported
to cause oxidative stress (137-139), which is a possible
mechanism of MS pathogenesis (48). Figure 1 represents
the environmental factors and their toxicity pathways in
MS pathogenesis.

Conclusion

Environmental toxic factors affecting MS are progressively
described. Mostofthesefactorssuchasexposuretomercury,
Cd, lead, arsenic, pesticides, and OSs as well as smoking
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may increase oxidative stress, whether through producing
free radicals or decreasing the antioxidant capacity. The
oxidative stress itself can increase inflammatory cytokines,
impair phagocytosis, damage BBB, alter the creation of
autoantibodies against myelin, and inhibit Janus kinase in
neurons, leading to immune responses targeting neurons
of the CNS in MS pathogenesis. In addition, the myelin of
the neurons can be dissolved by tryptase excreted by mast
cells altered through exposure to plastic monomers and
additives. Factors that trigger MS disease can increasingly
be incorporated into practical health care and even
prevention, specifically for individuals at increased risk
for MS. However, more studies are needed to clarify the
role and importance of these factors in MS pathogenicity.
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