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INTRODUCTION
Thimerosal, (THIM; sodium ethylmercurithiosalicylate), has
been applied as a preservative agent in the manufacture of
many vaccines and other medicinal productions for years [13]. The possibility of neuropathological alterations following
a long use of THIM has become a hot topic in the medical
area. For a long time, it was thought that THIM was the
main source of organic mercury exposure in many infants. In
developing nations, because there is no suitable substance to
replace, THIM is still in use in many biological and drug
products. Thus, the special effects of this substance should
be taken into consideration [1,4]. THIM accumulates in the
central nervous system and other organs as inorganic
mercury combinations. As we know, mercury has many
harmful effects on the brain. It reduces the amount of
glutathione and antioxidants, impairs antioxidant systems,
destroys receptor and enzymes functions and makes
widespread alterations in the 3D structure of many proteins
and makes them suitable antigens for the immune system
[5,6]. Therefore, it is predictable that THIM accumulation in
early stages of brain development may result in
developmental deficiencies, peripheral neuropathies, and
higher neurodegenerative changes, especially in prenatal and
neonatal life. However, due to the lack of data about
pharmacokinetic properties and toxicity of ethyl-mercury,
methyl-mercury has been applied to instate of ethyl-mercury
toxicity based on the theory that both of them has the same
toxic effect. Though, the present studies have shown that
methyl-mercury differs from ethyl-mercury because they
have extensive dissimilarities in terms of tissue distribution
and rates of clearance in the brain [7]. Nowadays, many
studies have reported brain biochemical and neurological
alternations after THIM exposure. For example, Burbacher
et al. in 2015 [8] showed that exposure of monkey infants
into THIM-containing vaccines led to the accumulation of
mercury in their brain than in other parts, such as blood.
These accumulations may persist for months or even years in
their brain. Magos et al. [9] showed that ethyl mercury
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crosses the cell membrane and transform into inorganic
mercury (Hg2+) in the cells, and accumulate in the central
nervous system. These accumulations in the brain cells were
more for ethyl mercury than methyl mercury. Earlier
research showed that the injection of THIM containing
radioactive mercury into rabbits led to fallen about 75% of
radioactive mercury level in the blood cells after 1 to 6 h
post-injection, while in this time there was significantly
improved radioactivity levels in the fetal brain. In another
way, this study explained that this quick drop in blood
mercury levels from THIM injection is because of uptake by
other tissues of the body and not excretion [10]. Any delay
in detoxification of mercury causes serious damage in
methylation reactions, which negatively disrupts growth
factor derived development of the brain [11]. The amount of
mercury accumulated in the brain of infants is so high that
can create neurotoxic effects and may destroy nerve cells.
Moreover, much evidence suggests that THIM has adverse
effects on neuro-immune cells, which result in neurogenic
inflammatory responses [12]. For example, Rampersad et al.
[13] showed that THIM is a strong inhibitor of phagocytosis,
which is the main phase of the natural immune system and it
is possible that this agent inhibits an infant's immune system.
Another study on immune cells including mast cells (MCs)
and microglia and the pro-neuroinflammatory cytokines
(Interleukin-1b (IL-1b) and tumor necrosis factor-α (TNFα)) in the prefrontal cortex of rat brain exposed to THIM
showed that ethyl-mercury causes an undesired neurogenic
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inflammatory reaction and that these alterations in neuroimmune cells can stay for longer time in brain than blood
[14]. These findings revealed that THIM can lead to a strong
autoimmunity and this situation may play undesirable main
role in neuro-inflammation and neuro-immune reaction in
the brain [14]. In addition to its hurtful effects on the
autoimmune system, THIM also disrupts the tissue and brain
function, so, it is known as one of the main factors in the
pathogenesis of many types of central nervous system
disorders. Different studies have tested this hypothesis and
were detected several neuropathological variations after
exposure to THIM: (1) the degeneration of the nerve cells in
the prefrontal, temporal cortex, hippocampus formation, and
the cerebellum; (2) blood vessel defects in the temporal
cortex; (3) reduced reaction of synaptophysin in the
hippocampus formation; (4) related astroglial atrophy and
astrogliosis in the hippocampus and cerebellum cortex; (5)
apoptosis in Bergmann astroglia (positive caspase-3
response); (6) decreased opioid receptors (morphine, MOR)
in the caudate nuclei, periaqueductal gray maters, putamen
nuclei, and hippocampus formation; (7) decrease in the
number of Purkinje cells in cerebellum; (8) reduce the
number of cerebellum cells, demyelination of axonal
neoplasms, Purkinje and granular cells necrosis and
glycemia in all layers of the cerebellum [3,15,16]. This
amount of destruction in brain structure is also expected to
cause extensive behavioral and functional deficits.
Extensive findings have approved this hypothesis. For
example, in a study by Hornig et al. [17] a number of
neurological disorders were discovered in an autoimmune
disease-sensitive mouse strain exposed to THIM. Similarly,
Hewitson et al. [18] explained that monkeys infant exposed
to THIM-containing hepatitis B vaccine showed a delay in
getting of some survival, motor and sensorimotor reflexes.
In another behavioral study, it was revealed that neonatal
exposure to THIM can make abnormal social interactions,
stereotyped behaviors and locomotors activity comparable to
those detected in neurodevelopmental disorders [6].
CONCLUSION
In conclusion, all these findings support a theory that THIM
has many negative effects on CNS and immune system and
may reason neurotoxic changes in the developing brain,
which is a powerful reason for eliminating this unnecessary
component from vaccines and other medicinal products.
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