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A B S T R A C T

Scientific research can provide us with factual, repeatable, measurable, and determinable results. As such, sci-
entific research can provide information that can be used in the decision-making process in the care of patients
and in public policy. Although it has been suggested that ethylmercury (C2H5Hg+)-containing compounds do not
cross the blood-brain barrier (BBB), this review examines the literature that addresses the question as to whether
ethylmercury-containing compounds cross the BBB. The review will begin with cellular studies that provide
evidence for the passive and active transport of mercury species across the BBB. Then, animal and clinical studies
will be presented that specifically examine whether mercury accumulates in the brain after exposure to ethyl-
mercury-containing compounds or Thimerosal (an ethylmercury-containing compound used as a preservative in
vaccines and other drugs that metabolizes or degrades to ethylmercury-containing compounds and thiosalicy-
late). The results indicate that ethylmercury-containing compounds are actively transported across membranes
by the L (leucine-preferring)-amino acid transport (LAT) system, the same as methylmercury-containing com-
pounds. Further, 22 studies from 1971 to 2019 show that exposure to ethylmercury-containing compounds
(intravenously, intraperitoneally, topically, subcutaneously, intramuscularly, or intranasally administered) re-
sults in accumulation of mercury in the brain. In total, these studies indicate that ethylmercury-containing
compounds and Thimerosal readily cross the BBB, convert, for the most part, to highly toxic inorganic mercury-
containing compounds, which significantly and persistently bind to tissues in the brain, even in the absence of
concurrent detectable blood mercury levels.

1. Introduction

Scientific research can provide us with factual, repeatable, mea-
surable, and determinable results. As such, scientific research can
provide information that can be used in the decision-making process in
the care of patients and in public policy.

In 2018, Boom et al. published a review in the Journal of Family
Strengths stating that, “Ethyl mercury does not cross the blood-brain barrier
and is structurally different from methyl mercury…” This statement by
Boom et al. (2018) was in the context of describing ethylmercury as
being safer than methylmercury.

Factual truth in science is part of the role of science and adherence
to the evidence is critical. The evidence indicates that ethylmercury
(C2H5Hg+) -containing compounds do cross the blood-brain barrier
(BBB). In this current review, the evidence supporting the notion that
ethylmercury-containing compounds cross the BBB will be presented
and discussed. The review will begin with a summary of cellular studies

showing the passive and active transport of mercury species across the
BBB. Then, animal and clinical studies that specifically examine whe-
ther mercury accumulates in the brain after exposure to ethylmercury-
containing compounds or Thimerosal (an ethylmercury-containing
compound used as a preservative that metabolizes or degrades to
ethylmercury-containing compounds and thiosalicylate) will be pre-
sented from a historical perspective.

2. Cellular studies – showing passive and active transport across
the BBB

Some mercury species, such inorganic mercury-containing com-
pounds, do not readily cross the BBB. However, organic mercury is fat
soluble and has a high affinity for thiol groups and as such, it can easily
penetrate the BBB (Dewi et al., 2014). It has been accepted for decades
that methylmercury-containing compounds, an organic form of mer-
cury, cross the BBB (Kerper et al., 1992). First, methylmercury-
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containing compounds can passively cross the BBB because, as men-
tioned, they are fat soluble and have a high affinity for thiol groups.
However, methylmercury-containing compounds also enter the brain as
a cysteine complex via the L (leucine-preferring)-amino acid transport
(LAT) system. Methylmercury binds to cysteine and the complex of
methylmercury with L-cysteine is structurally similar to L-methionine, a
substrate for the LAT system. Mercury then enters the brain as a me-
thylmercury-cysteine (MeHg-S-Cys) complex via the LAT system by
being mistaken for L-methionine (Zimmerman et al., 2013).

As early as 1987, Aschner and Clarkson (1987) found that methyl-
mercury-containing compounds were translocated across the BBB by
the LAT system. That finding was confirmed by other studies in the
1990s, e.g., Kerper et al. (1992). So, for many years, until about 2013,
many believed the paradigm that methylmercury-containing com-
pounds were actively transported across membranes by the LAT system,
but ethylmercury-containing compounds were not. This assumption
was found to be wrong in a study by Zimmermann et al. (2013).

Zimmermann et al. (2013) compared the toxicities induced by me-
thylmercuric chloride and ethylmercuric chloride, as well as by their
complexes with cysteine (MeHg-S-Cys and EtHg-S-Cys) in neuronal
cells. They reported that L-methionine, a substrate for the LAT system,
significantly protected against the toxicities induced by both complexes
(MeHg-S-Cys and EtHg-S-Cys), but not the toxicities of methylmercuric
chloride and ethylmercuric chloride. Moreover, L-methionine sig-
nificantly decreased mercurial uptake when cells were exposed to
MeHg-S-Cys or EtHg-S-Cys, but not to methylmercuric chloride or
ethylmercuric chloride. These investigators concluded that uptake of
MeHg-S-Cys and EtHg-S-Cys into neuronal cells is mediated, at least in
part, through the LAT system. So, the LAT system that functions to
actively increase neuronal uptake of for MeHg-S-Cys also functions to
actively increase neuronal uptake of EtHg-S-Cys. This finding is criti-
cally important in the understanding of the ability of ethylmercury-
containing compounds to actively be transported across the BBB.

Later, another cellular study by Lohren et al. (2016) examined the
transfer of methylmercury chloride, Thimerosal, and mercuric chloride
across the BBB. Using a primary porcine in vitro model of the BBB,
Lohren et al. (2016) reported that all three species of mercury had
cytotoxic effects in the barrier building cells; however, the most damage
was caused by the organic species. They found that methylmercury
chloride and Thimerosal crossed the barrier in both directions, with a
slight accumulation in the basolateral, brain-facing compartment, after
simultaneous incubation in both compartments.

2.1. Animal studies – showing accumulation in the brain after exposure to
ethylmercury

In addition to the important finding indicating that ethylmercury-
containing compounds are actively transported across membranes, in-
cluding the BBB, there are many studies that specifically examined
whether mercury accumulates in the brain after exposure to ethyl-
mercury-containing compounds or Thimerosal. The following section
examines animal model studies from a historical perspective.

Beginning as early as 1963, Suzuki et al. (1963) compared the
bodily distribution of mercury in mice after subcutaneous administra-
tion of methyl-, ethyl- and propyl-mercury acetates. They found that
ethylmercury-compounds were proportionally higher in the liver and
kidneys and lower in the brain when compared with methylmercury.
However, once ethylmercury-containing compounds entered the brain,
it did not decrease as observed in other organs (Suzuki et al., 1963).
They concluded that their results indicated the stability of the mercury-
carbon bond in ethylmercury-containing compounds is lower than that
of methylmercury-containing compounds, and hence, it was more easily
converted to inorganic mercury-containing compounds that persisted in
organs such as the brain.

In 1971, Takahashi et al. (1971) conducted a study in rats and
monkeys using 203Hg-ethylmercuric chloride and 203Hg-mercuric

chloride (intravenously and intraperitoneally administered). They stu-
died the distribution of the mercury throughout the body. They stated
that the evidence indicated that ethylmercury-containing compounds
migrated into the brain through the BBB because the radioactivity first
appeared in the choroid plexi, intracranial, and extra cerebral arteries,
and then into the cerebrum and cerebellum, with no notable mercury in
the lateral ventricles. Ethylmercury-containing compounds were found
to significantly persist in the brain following administration.

Wright et al. (1973) conducted a study funded by the United States
Department of Agriculture using an ethylmercury-containing fungicide,
Ceresan M (ethylmercury p-toluene sulfonamide), that was designed to
not be water soluble (so it would bind to plant seeds and be less likely to
be washed off). Using cattle and sheep, the animals were administered
Ceresan M on a daily basis using various doses and periods of time
(6–12 days). Using atomic absorption spectrophotometry, they studied
these animals for 20 weeks. It started out that most of the mercury went
to the kidney and liver, but over time mercury levels increased in the
brain and were still present in the brain for some animals 20 weeks after
administration the last dose of Ceresan M.

Also in 1973, Tryphonas and Nielsen (1973) conducted a study
sponsored by the Medical Research Council of Canada to evaluate the
impact of chronic low-dose ethylmercuric chloride administration in
young pigs. They observed that extensive neurotoxicity, renal toxicity,
and hepatotoxicity was observed with high concentrations of mercury
present in many tissues, including the brain. They also reported that
tissue concentrations of mercury were directly dose-dependent.

In 1975, two studies showed that Thimerosal administered topi-
cally, subcutaneous, or intranasally, accumulates in the brain. First,
Blair et al. (1975) intranasally dosed squirrel monkeys with saline or
Thimerosal. Mercury concentrations were significantly raised over
control values in the brain, liver, muscle and kidney, and yet, inter-
estingly, not in the blood. Second, Gasset et al. (1975) conducted a
comparison of topical and subcutaneous administration of Thimerosal
to rabbits and their offspring. They reported that the results indicated
that Thimerosal crossed both the BBB and placental barrier.

In addition, Yonaha et al. (1975), from the National Institute of
Hygienic Sciences, studied uptake, retention, and toxicity of ethyl-
mercury chloride in mice in several organs. These researchers found
that ethylmercury chloride was highly incorporated into the brain.

Magos et al. (1985) compared the neurotoxicity of methyl- or
ethylmercuric chloride given to rats by gastric gavage. Three or 10 days
after the last treatment day, rats treated with ethylmercuric chloride
had higher total and organic mercury concentrations in the blood and
lower concentrations in kidneys and brain than methylmercuric
chloride treated rats. However, inorganic mercury-containing com-
pound concentrations were higher in all tissues, including the brain,
after administration of ethylmercuric chloride than methylmercuric
chloride.

Also, in 1985, Brzeźnicka and Chmielnicka studied rat liver, kid-
neys, blood, and brain tissue after a 2-week administration of methyl-
mercuric chloride or ethylmercuric chloride in rats. Similar to Magos
et al. (1985), just mentioned, the brain concentration of inorganic
mercury-compounds were always higher in the rats treated with
ethylmercuric chloride as compared to methylmercuric chloride
(Brzeźnicka and Chmielnicka, 1985). Results from these two studies
suggest that ethylmercury-containing compounds are more easily con-
verted to inorganic mercury-containing compounds than methylmer-
cury-containing compounds (Dórea et al., 2013).

Harry et al. (2004) examined mercury concentrations in the brain
and kidney following ethylmercury chloride (injection), methylmer-
curychloride (gavage or injection), or Thimerosal (injection) adminis-
tration to neonatal mice. They determined total mercury concentrations
in blood, kidney, brain, and muscle. All three forms of mercury made
their way into the brain. Importantly, by day 7, they found that even
though mercury levels were decreased in the blood, mercury levels
were unchanged in the brain. This finding is important, because it
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shows that even if mercury has left the blood stream, it does not mean
that it has left the body or the brain.

In 2005, Burbacher et al. (2005) published a study that examined
the systemic disposition and brain distribution of total and inorganic
mercury-containing compounds in infant monkeys after exposure to
Thimerosal as compared to methylmercury hydroxide. Total mercury
and inorganic mercury-containing compound brain concentrations
were assessed at 2, 4, 7, or 28 days after the last exposure. Results
showed that exposure to injected Thimerosal resulted in the presence of
significant mercury concentrations in the blood and brain. Importantly,
it was observed that significant declines were observed in blood mer-
cury levels within 21 days post the last injection of Thimerosal (ap-
proaching undetectable levels), whereas significant levels of mercury
were still present in the brain 28 days post the last injection of Thi-
merosal. This indicates that blood mercury concentrations are not ne-
cessarily indicative of brain mercury concentrations. Furthermore, it
was reported that a significant fraction of mercury in the brain fol-
lowing Thimerosal injection was in the form of inorganic mercury-
containing compounds. It was observed in this study that the half-life
for inorganic mercury-containing compounds in the brain following
Thimerosal injection was in excess of 120 days.

Orct et al. (2006) compared the distribution of subcutaneously ad-
ministered Thimerosal or mercuric chloride in rats. They administered
mercury on days 7, 9 and 11 of pups age, imitating the vaccination of
infants. Total mercury was analyzed in blood and organs (kidney, liver
and brain). The results showed that mercury was higher in the liver and
kidney of the mercuric chloride group than in the Thimerosal exposed
group. The brain and blood concentrations of mercury were higher in
the Thimerosal exposed group.

Zareba et al. (2007) compared tissue distribution and different rates
of mercury decomposition from Thimerosal exposure to a methylmer-
cury-containing compound exposure in neonatal mice (10 days post-
natal). Mice were given a single intramuscular injection of either Thi-
merosal or a methylmercury-containing compound. Tissue samples
were collected daily on postnatal day 11-14. In the brain, Thimerosal-
exposed mice showed a steady decrease of organic mercury levels fol-
lowing the initial peak, whereas in the methyl mercury-containing
compound exposed mice, concentrations peaked on day 2 after ex-
posure. With regards to inorganic mercury-compound concentrations,
the young mice treated with Thimerosal had inorganic mercury-con-
taining compound concentrations in the brain that were higher than in
the methylmercury-treated animals.

In 2008, Berman et al. (2008) injected mice on postnatal days 7, 9,
11, and 15 with 14.2, 10.8, 9.2, and 5.6 μg mercury/Kg from Thimer-
osal, respectively. Mercury was found in blood, brain, and kidneys 24 h
following the last Thimerosal injection. In addition, they observed 7
days after the last Thimerosal injection that undetectable levels of
mercury were found in the blood, but similar levels of mercury were
present in the brain and kidneys as were observed 24 h following the
last injection of Thimerosal. Once again, revealing that even if mercury
has left the blood stream, it does not mean that it has left the body or
the brain.

In 2009, Olczak et al. (2009) injected Thimerosal in suckling rats on
postnatal days 7, 9, 11 and 15 in four equal doses. They reported that
toxicokinetic analysis revealed that mercury from Thimerosal injections
accumulated in the rat brain in significant amounts and remained there
longer than 30 days after the injection.

Rodrigues et al. (2010) examined the distribution of methyl-, ethyl-
and inorganic mercury-containing compounds in rat tissues (brain,
heart, kidney, and liver) and in blood following administration of
Thimerosal or a methylmercury-containing compound. Mercury was
found in the brain after Thimerosal exposure, and the speciation
breakdown found was 63% inorganic mercury-containing compounds,
13.5% ethylmercury-containing compounds, and 23.7% methylmer-
cury-containing compounds. Just as in the Burbacher et al. (2005) study
mentioned earlier, most of the mercury from Thimerosal had

accumulated in the brain as inorganic mercury-containing compounds.
Later in 2012, Blanuša et al. (2012) compared the mercury dis-

tribution and rate of excretion in the early period of life following ex-
posure to either Thimerosal or mercuric chloride in suckling rats. Thi-
merosal or mercuric chloride were administered subcutaneously three
times during the suckling period (on the days of birth 7, 9, and 11) to
mimic the vaccination schedule in infants. Following day 6, the mer-
cury retention was higher in the brain in the Thimerosal group, whereas
the enteral excretion rate was similar, and urinary excretion was much
lower compared to mercuric chloride. Importantly, despite decreasing
blood mercury levels in the 6-days post Thimerosal administration, and
ongoing enteral excretion of mercury, and to a significantly lesser ex-
tent in urinary excretion of mercury, no significant decrease in brain
mercury levels were observed.

In 2015, Niehoff et al. (2015) using the model organism, Drosophila
melanogaster, examined uptake of mercury species for mercuric
chloride, methylmercury chloride, and Thimerosal. They reported that
no mercury was detected in the cerebral region for mercuric chloride,
however both organic species showed the ability to cross the BBB. In
addition, the mercury level in the brain exceeded the fed concentration
indicating mercury enrichment (more for methylmercury chloride than
for Thimerosal).

And most recently, Afsordeh et al. (2019), assessed in the prefrontal
lobe of rat brains exposed to Thimerosal. In this study, experimental
groups received a single dose of Thimerosal (300 μg/kg) postnatally at
7, 9, 11, and 15 days (the control group received nothing). Prefrontal
cortex samples were collected and prepared. Microglia and mast cells
were increased significantly, and the pro-inflammatory cytokines were
significantly increased. Moreover, Thimerosal caused abnormal neuro-
genic inflammatory reactions and alterations in the neuroimmune cells
that lasted for a longer period in the brain than in the blood.

3. Clinical studies-– showing accumulation in the brain after
exposure to ethylmercury-containing compounds

Clinical studies were found that show accumulation of mercury in
the brain after exposure to ethylmercury-containing compounds.
Mal’tsev (1972) commented that, upon autopsy of children who died of
ethylmercury-containing compound exposure, degenerative, in-
flammatory, and necrotic alterations were seen, as well as hemorrhages
in the central nervous system, kidney, liver, heart, and intestines.

Between 1969 and 1975 there were 13 cases of exomphalos treated
with topically applied Thimerosal (Fagan et al., 1977). Ten of the in-
fants died. Mercury assays were repeated on the formalin-fixed tissues
of the 3 cases in which fresh tissue assays had been performed. These
three infants all had significant amounts of mercury in their brain that
were well in excess of the minimum toxic levels in adults and fetuses.

Later, in 1980, Cinca et al. (1980) reported on four cases of acci-
dental ethylmercury chloride poisoning. Two of the patients showed
that this organic mercury compound was very toxic to the brain and
spinal cord. All over the entire cerebral cortex (but mostly in the caudal
end of the medial surface of the brain), there was nerve cell loss and a
diffuse proliferation of neuroglia on microscopic examination of the
brain. The midbrain and bulbar (especially the lateral nucleus) reticular
formation showed neuroglia activation and neuronal loss. In the cere-
bellum, the granular layer was also diseased.

3.1. The misconception of ethylmercury-containing compound retention and
excretion time

The misconception that ethylmercury-containing compounds do not
cross the BBB comes, in part, from the notion, as promoted by the US
Centers for Disease Control and Prevention (CDC), that ethylmercury-
containing compounds do not stay in the body long enough to cause
harm. As stated by the CDC, “…ethylmercury, which is cleared from the
human body more quickly than methylmercury…therefore [it is] less likely
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to cause any harm.” (CDC, 2015) Or, as further stated by the CDC, Thi-
merosal does not stay in the body a long time so it does not build up and
reach harmful levels. When thimerosal enters the body, it breaks down to
ethylmercury and thiosalicylate, which are readily eliminated.” (CDC,
2015).

The CDC relies on two studies conducted by Pichichero et al. (2008),
(2009) to support this claim. In the Pichichero et al. (2008) study, they
obtained blood, stool, and urine samples before vaccination and 12 h to
30 days after vaccination from 216 healthy children. They reported that
blood mercury half-life was calculated to be 3.7 days and returned to
prevaccination levels by day 30, and that increased mercury levels were
detected in stools after vaccination. Similarly, in the Pichichero et al.
(2009) study in premature infants, blood mercury half-life was calcu-
lated to be 6.3 days, and mercury levels returned to prevaccination
levels by day 30. In both studies the authors stated that the blood
mercury half-life following injection of Thimerosal-containing vaccines
to infants is substantially shorter than that of oral methylmercury in
adults.

From the Pichichero et al. studies, the CDC concluded that ethyl-
mercury-containing compounds quickly leave the body and that they
are most likely eliminated in the stools (although the amount of mer-
cury found in the stools in the Pichichero et al. (2008) study was a
fraction of what was injected). These researchers did not perform 'mass
balance' calculations, based on the amount of mercury eliminated in the
stools, and it is hard to find information on stool volume in newborns,
so it is difficult to estimate whether the whole dose was actually
eliminated or not over 30 days, despite returning to background levels.
It is also important to mention that there were background levels of
methylmercury in the newborns in that study. Hence, Thimerosal in-
jection causes a worrying spike (roughly six-fold increase in blood le-
vels) of mercury entering the children's bodies on top of background
mercury exposure.

Further, the assumption that once mercury is no longer in the blood
and that stool mercury excretion is sufficient to rapidly eliminate the
total mercury dose received is not supported by any of the aforemen-
tioned research. For instance, the Harry et al. (2004) study, as men-
tioned earlier, examined mercury concentrations in the brain and
kidney following ethylmercury-containing compound (injection), me-
thylmercury chloride (gavage or injection), or Thimerosal (injection)
administration to neonatal mice. Similar to Pichichero et al., Harry
et al. found that by day 7 mercury levels were decreased in the blood;
however, even though mercury was decreased in the blood stream, the
mercury levels were unchanged in the brain. Burbacher et al. (2005),
also mentioned earlier, found that Thimerosal exposure had, for the
most part, resulted in the accumulation of inorganic mercury-com-
pounds in the brain, which explains how the levels in the brain in the
Harry et al. study remained the same. It is very difficult for mercury to
leave the brain once it has converted to inorganic mercury-compounds.
The finding that ethylmercury-containing compounds are converted to
inorganic mercury-containing compounds once entering the brain is
also supported by the Rodrigues et al. (2010) study, also mentioned
earlier. These investigators found that the percentages for the forms of
mercury in brain after Thimerosal exposure were 63% inorganic mer-
cury-containing compounds, 13.5% ethylmercury-containing com-
pounds, and 23.7% methylmercury-containing compounds.

It is important to note that once ethylmercury-containing com-
pounds enter the brain, evidence indicates ethylmercury-containing
compounds easily cross cellular membranes and concentrate inside of
cells. For example, ethylmercury-containing compounds were observed
to concentrate by a factor of 5-5.6-fold along the inner membrane of
astrocytes, and by a factor of 1,000-fold inside the mitochondrial
membrane (Sharpe et al., 2012; Wehe et al., 2014; Clayton et al., 2005).
Once ethylmercury-containing compounds concentrate in this fashion
within cells, the relatively weaker carbon-mercury bond in ethylmer-
cury-containing compounds allows it to be more easily broken-down
into inorganic mercury-containing compounds than occurs with

methymercury-containing compounds. Once mercury is in an inorganic
state, it has a very low potential to exit and it can exert a direct toxic
effect on cells (Geier et al., 2009).

4. Current use of Thimerosal

Although Thimerosal has been removed from some childhood vac-
cines in the United States (US), Thimerosal is still used in many child-
hood vaccines in the developing world. In the US, Thimerosal is still
used in the meningococcal vaccine which is recommended for young
adults going to college. Thimerosal was also in the tetanus-toxoid
vaccine until a few years ago and it is given to individuals of all ages
(Johns Hopkins Bloomberg School of Public Health, 2019). Further, in
the US, over half of influenza-vaccine doses (> 75 million) still contain
a preservative level of Thimerosal.

5. Current opinion on the safety of Thimerosal

Whether Thimerosal exposure has any impact on children’s devel-
opment is a controversial issue. As stated by DeSoto and Hitlan (2010)
in their review of the controversy, “This particular controversy does have
truly high stakes for many reasons.” There are claims that Thimerosal is
safe for use in children (Boom et al., 2018) and there are claims that it is
not (Geier et al., 2017), and there is research to support both claims. To
add to the confusion, the US CDC claims that Thimerosal is safe (CDC,
2015) and yet there are three CDC sponsored studies that find Thi-
merosal exposure is associated with tic disorder in children (Thompson
et al., 2007; Verstraeten et al., 2003; Barile et al., 2012). Sometimes,
even the same researchers have found conflicting results. For example,
Mrozek-Budzyn et al. (2012) reported an adverse effect from neonatal
Thimerosal containing vaccines on psychomotor development index
scores. Then later, Mrozek-Budzyn et al. (2015) conducted another
study in Poland (using different developmental tests from their first
study) that did not find a relationship between exposure to Thimerosal
and children’s development. It should be mentioned many developing
countries (where Thimerosal is still used) may have a higher back-
ground mercury contamination than in the US or Europe (such as in the
Polish study). Hence, the combination of a significant background
presence of mercury in newborn babies coupled with mercury in vac-
cinations could compound the problem and more likely impact devel-
opment (Dórea, 2018).

In its totality, a review of the studies on the issue of safety of
mercury exposure in children reveals that the vast majority of studies
find that mercury, in all its forms, is harmful (Kern et al., 2016). Un-
fortunately, the Precautionary Principle, in this instance, has not been
adopted because both the CDC and the US Food and Drug Adminis-
tration (US FDA) promote the notion that methylmercury is harmful
and ethylmercury is safe (CDC, 2015; US FDA, 2018).

6. Conclusion

As mentioned, scientific research can provide us with factual, re-
peatable, measurable, and determinable results. It can provide re-
searchers and clinicians with evidenced-based information by asking
important questions in healthcare, such as, do ethylmercury-containing
compounds cross the BBB, particularly Thimerosal, which is used as a
preservative in some medical products such as in vaccines and allergy
testing. The aforementioned studies address this question and their
research provides an answer that is biologically plausible, consistent,
measurable, and repeatable. Although the article published by Boom
et al. (2018) was most likely well-intentioned, adherence to evidence in
science is important.

Thimerosal is an ethylmercury-containing pharmaceutical com-
pound that is 49.55% mercury. Thimerosal was developed in 1927
(Geier and Geier, 2007). Thimerosal was designed in the 1920s to solve
problems with the use, at that time, of elemental mercury and mercury

J.K. Kern, et al. Environmental Toxicology and Pharmacology 74 (2020) 103312

4

Downloaded for Anonymous User (n/a) at Southern Illinois University School of Medicine from ClinicalKey.com by Elsevier on 
August 16, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



chloride as a bactericide and fungicide. Elemental mercury was ob-
served to have only limited toxicity and mercuric chloride (which was
more toxic) was minimally capable of penetrating membranes. Thi-
merosal is a designer mercury compound with unique features, in-
cluding: (1) high water solubility, (2) high ability to penetrate cellular
members, and (3) intracellular release of highly toxic inorganic mer-
cury-containing compounds that persist from many days to many years
following exposure.

Since, Thimerosal was designed to penetrate membranes and release
intracellular inorganic mercury-containing compounds, it should not be
surprising that the evidence regarding Thimerosal indicates that its
ethylmercury-containing breakdown compounds readily cross the BBB
and result in significant and persistent inorganic mercury-containing
compounds within the brain. This review indicates that following an
initial phase of a few days or weeks during which time mercury levels in
the blood are significantly increased by Thimerosal exposure, on a more
long-term basis, mercury levels in the blood return to background levels
(and ongoing fecal excretion of mercury is occurring), but, yet, sig-
nificant inorganic mercury-compounds were observed to persist in the
brain for months or even potentially years following Thimerosal ex-
posure. As a result, Thimerosal studies clearly establish its significant
toxicity and the long-term persistence of its intracellular inorganic
mercury breakdown compounds.

Funding

This research was funded by the non-profit organizations, CoMeD,
Inc. and Institute of Chronic Illnesses, Inc.

Declaration of Competing Interest

This work has not been published previously. It is not under con-
sideration for publication elsewhere. It is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in
the same form, in English or in any other language, including electro-
nically without the written consent of the copyright-holder.

References

Afsordeh, K., Sadeghi, Y., Amini, A., Namvarpour, Z., Abdollahifar, M.A., Abbaszadeh,
H.A., Aliaghaei, A., 2019. Alterations of neuroimmune cell density and pro-in-
flammatory cytokines in response to thimerosal in prefrontal lobe of male rats. Drug
Chem. Toxicol. 42, 176–186.

Aschner, M., Clarkson, T.W., 1987. Mercury 203 distribution in pregnant and non-
pregnant rats following systemic infusions with thiol-containing amino acids.
Teratology. 36, 321–328.

Barile, J.P., Kuperminc, G.P., Weintraub, E.S., Mink, J.W., Thompson, W.W., 2012.
Thimerosal exposure in early life and neuropsychological outcomes 7-10 years later.
J. Pediatr. Psychol. 37, 106–118.

Berman, R.F., Pessah, I.N., Mouton, P.R., Mav, D., Harry, J., 2008. Low-level neonatal
thimerosal exposure: further evaluation of altered neurotoxic potential in SJL mice.
Toxicol. Sci. 101, 294–309.

Blair, A.M.J.N., Clark, B., Clarke, A.J., Wood, P., 1975. Tissue concentrations of mercury
after chronic dosing of squirrel monkeys with thiomersal. Toxicol. 3, 171–176.

Blanuša, M., Orct, T., Vihnanek, Lazarus M., Sekovanić, A., Piasek, M., 2012. Mercury
disposition in suckling rats: comparative assessment following parenteral exposure to
thiomersal and mercuric chloride. J. Biomed. Biotechnol. 2012, 256965.

Boom, J.A., Cunningham, R.M., McGee, L.U., 2018. Vaccine myths: setting the record
straight. J. Family Strengths 18, 13. Available at: https://digitalcommons.library.
tmc.edu/jfs/vol18/iss1/13.

Brzeźnicka, E.A., Chmielnicka, J., 1985. Interaction of alkylmercuric compounds with
sodium selenite. III. Biotransformation, levels of metallothioneinlike proteins and
endogenous copper in some tissues of rats exposed to methyl or ethylmercuric
chloride with and without sodium selenite. Environ. Health Perspect. 60, 423–431.

Burbacher, T.M., Shen, D.D., Liberato, N., Grant, K.S., Cernichiari, E., Clarkson, T., 2005.
Comparison of blood and brain mercury levels in infant monkeys exposed to me-
thylmercury or vaccines containing thimerosal. Environ. Health Perspect. 113,
1015–1021.

CDC, 2015. Centers for Disease Control and Prevention. Thimerosal in Vaccines. . Page
last reviewed: October 27, Accessed 12/2/2019.. https://www.cdc.gov/
vaccinesafety/concerns/thimerosal/index.html.

Cinca, I., Dumitrescu, I., Onaca, P., Serbanescu, A., Nestorescu, B., 1980. Accidental ethyl

mercury poisoning with nervous system, skeletal muscle, and myocardium injury. J.
Neurol. Neurosurg. Psychiat. 43, 143–149.

Clayton, R., Clark, J.B., Sharpe, M., 2005. Cytochrome c release from rat brain mi-
tochondria is proportional to the mitochondrial functional deficit: implications for
apoptosis and neurodegenerative disease. J. Neurochem. 92, 840–849.

Desoto, M.C., Hitlan, R.T., 2010. Sorting out the spinning of autism: heavy metals and the
question of incidence. Acta Neurobiol. Exp. (Wars). 70, 165–176.

Dewi, Y.K., Mahdi, A., Mahdi, C., 2014. Effect of methyl mercury towards number of
microglia cells and expression of iNOS on the brain in rats (Rattus norvegicus). J.
Pure App. Chem. Res. 3, 7–12.

Dórea, J.G., 2018. Low-dose Thimerosal (ethyl-mercury) is still used in infants` vaccines:
should we be concerned with this form of exposure? J. Trace Elem. Med. Biol. 49,
134–139.

Dórea, J.G., Farina, M., Rocha, J.B., 2013. Toxicity of ethylmercury (and Thimerosal): a
comparison with methylmercury. J. Appl. Toxicol. 33, 700–711.

Fagan, D.G., Pritchard, J.S., Clarkson, T.W., Greenwood, M.R., 1977. Organ mercury le-
vels in infants with omphaloceles treated with organic mercurial antiseptic. Arch. Dis.
Child. 52 962-4.

Gasset, A.R., Itoi, M., Ishii, Y., Ramer, R.M., 1975. Teratogenicities of ophthalmic drugs.
II. Teratogenicities and tissue accumulation of thimerosal. Arch. Ophthalmol. 93,
52–55.

Geier, D.A., Kern, J.K., Homme, K.G., Geier, M.R., 2017. Abnormal brain connectivity
Spectrum disorders following thimerosal administration: a prospective longitudinal
case-control assessment of medical records in the vaccine safety datalink. Dose. 15
(1), 1559325817690849.

Geier, D.A., King, P.G., Geier, M.R., 2009. Mitochondrial dysfunction, impaired oxidative-
reduction activity, degeneration and death in human neuronal and fetal cells induced
by low-level exposure to thimerosal and other metal compounds. Toxicol. Environ.
Chem. 91, 735–749.

Geier, D.A., Sykes, L.K., Geier, M.R., 2007. A review of Thimerosal (Merthiolate) and its
ethylmercury breakdown product: specific historical considerations regarding safety
and effectiveness. J. Toxicol. Environ. Health B Crit. Rev. 10, 575–596.

Harry, G.J., Harris, M.W., Burka, L.T., 2004. Mercury concentrations in brain and kidney
following ethylmercury, methylmercury and Thimerosal administration to neonatal
mice. Toxicol. Lett. 154, 183–189.

Johns Hopkins Bloomberg School of Public Health Thimerosal Content in Some US
Licensed Vaccines. . Updated 11-29-2018. Accessed 12-2-2019.. http://www.
vaccinesafety.edu/thi-table.htm.

Kern, J.K., Geier, D.A., Sykes, L.K., Haley, B.E., Geier, M.R., 2016. The relationship be-
tween mercury and autism: a comprehensive review and discussion. J. Trace Elem.
Med. Biol. 37, 8–24.

Kerper, L.E., Ballatori, N., Clarkson, T.W., 1992. Methylmercury transport across the
blood-brain barrier by an amino acid carrier. Am. J. Physiol. 262, R761–765.

Lohren, H., Bornhorst, J., Fitkau, R., Pohl, G., Galla, H.J., Schwerdtle, T., 2016. Effects on
and transfer across the blood-brain barrier in vitro-Comparison of organic and in-
organic mercury species. BMC Pharmacol. Toxicol. 17, 63.

Magos, L., Brown, A.W., Sparrow, S., Bailey, E., Snowden, R.T., Skipp, W.R., 1985. The
comparative toxicology of ethyl- and methylmercury. Arch. Toxicol. 57, 260–267.

Mal’tsev, P.V., 1972. Granosan poisoning in children. Feldsher Akush. 37, 14–16.
Mrozek-Budzyn, D., Majewska, R., Kieltyka, A., Augustyniak, M., 2012. Neonatal ex-

posure to Thimerosal from vaccines and child development in the first 3 years of life.
Neurotoxicol. Teratol. 34, 592–597.

Mrozek-Budzyn, D., Majewska, R., Kiełtyka, A., 2015. Early exposure to thimerosal-
containing vaccines and children’s cognitive development. A 9-year prospective birth
cohort study in Poland. Eur. J. Pediatr. 174, 383–391.

Niehoff, A.C., Bauer, O.B., Kröger, S., Fingerhut, S., Schulz, J., Meyer, S., Sperling, M.,
Jeibmann, A., Schwerdtle, T., Karst, U., 2015. Quantitative bioimaging to investigate
the uptake of mercury species in Drosophila melanogaster. Anal. Chem. 87,
10392–10396.

Olczak, M., Duszczyk, M., Mierzejewski, P., Majewska, M.D., 2009. Neonatal adminis-
tration of a vaccine preservative, thimerosal, produces lasting impairment of noci-
ception and apparent activation of opioid system in rats. Brain Res. 1301, 143–151.

Orct, T., Blanusa, M., Lazarus, M., Varnai, V.M., Kostial, K., 2006. Comparison of organic
and inorganic mercury distribution in suckling rat. J. Appl. Toxicol. 26, 536–539.

Pichichero, M.E., Gentile, A., Giglio, N., Umido, V., Clarkson, T., Cernichiari, E., Zareba,
G., Gotelli, C., Gotelli, M., Yan, L., Treanor, J., 2008. Mercury levels in newborns and
infants after receipt of thimerosal-containing vaccines. Pediatrics. 121, e208–14.

Pichichero, M.E., Gentile, A., Giglio, N., Alonso, M.M., Fernandez Mentaberri, M.V.,
Zareba, G., Clarkson, T., Gotelli, C., Gotelli, M., Yan, L., Treanor, J., 2009. Mercury
levels in premature and low birth weight newborn infants after receipt of thimerosal-
containing vaccines. J. Pediatr. 155, 495–499.

Rodrigues, J.L., Serpeloni, J.M., Batista, B.L., Souza, S.S., Barbosa Jr., F., 2010.
Identification and distribution of mercury species in rat tissues following adminis-
tration of thimerosal or methylmercury. Arch. Toxicol. 84, 891–896.

Sharpe, M.A., Livingston, A.D., Baskin, D.S., 2012. Thimerosal-Derived Ethylmercury Is a
Mitochondrial Toxin in Human Astrocytes: Possible Role of Fenton Chemistry in the
Oxidation and Breakage of mtDNA. J. Toxicol. 2012, 373678.

Suzuki, T., Miyama, T., Katsunuma, H., 1963. Comparative study of bodily distribution of
mercury in mice after subcutaneous administration of methyl, ethyl and n-propyl
mercury acetates. Jpn. J. Exp. Med. 33, 277–282.

Takahashi, T., Kimura, T., Sato, Y., Shiraki, H., Ukita, T., 1971. Time-dependent dis-
tribution of [203] Hg-mercury compounds in rat and monkey as studied by whole
body autoradiography. J Hygienic Chem. (Japan). 17, 93–107.

Thompson, W.W., Price, C., Goodson, B., Shay, D.K., Benson, P., Hinrichsen, V.L., Lewis,
E., Eriksen, E., Ray, P., Marcy, S.M., Dunn, J., Jackson, L.A., Lieu, T.A., Black, S.,
Stewart, G., Weintraub, E.S., Davis, R.L., DeStefano, F., 2007. Vaccine Safety Datalink

J.K. Kern, et al. Environmental Toxicology and Pharmacology 74 (2020) 103312

5

Downloaded for Anonymous User (n/a) at Southern Illinois University School of Medicine from ClinicalKey.com by Elsevier on 
August 16, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0005
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0005
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0005
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0005
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0010
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0010
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0010
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0015
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0015
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0015
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0020
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0020
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0020
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0025
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0025
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0030
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0030
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0030
https://digitalcommons.library.tmc.edu/jfs/vol18/iss1/13
https://digitalcommons.library.tmc.edu/jfs/vol18/iss1/13
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0040
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0040
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0040
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0040
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0045
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0045
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0045
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0045
https://www.cdc.gov/vaccinesafety/concerns/thimerosal/index.html
https://www.cdc.gov/vaccinesafety/concerns/thimerosal/index.html
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0055
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0055
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0055
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0060
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0060
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0060
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0065
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0065
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0070
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0070
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0070
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0075
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0075
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0075
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0080
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0080
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0085
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0085
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0085
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0090
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0090
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0090
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0095
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0095
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0095
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0095
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0100
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0100
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0100
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0100
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0105
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0105
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0105
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0110
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0110
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0110
http://www.vaccinesafety.edu/thi-table.htm
http://www.vaccinesafety.edu/thi-table.htm
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0120
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0120
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0120
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0125
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0125
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0130
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0130
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0130
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0135
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0135
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0140
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0145
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0145
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0145
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0150
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0150
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0150
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0155
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0155
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0155
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0155
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0160
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0160
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0160
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0165
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0165
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0170
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0170
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0170
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0175
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0175
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0175
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0175
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0180
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0180
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0180
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0185
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0185
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0185
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0190
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0190
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0190
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0195
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0195
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0195
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0200
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0200
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0200


Team. Early thimerosal exposure and neuropsychological outcomes at 7 to 10 years.
N. Engl. J. Med. 357, 1281–1292.

Tryphonas, L., 1973. Nielsen NO. Pathology of chronic alkylmercurial poisoning in swine.
Am. J. Vet. Res. 34, 379–392.

US FDA, 2018. Thimerosal and Vaccines. Content updated 02/01/2018. Accessed 12/3/
2018. https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/
thimerosal-and-vaccines.

Verstraeten, T., Davis, R.L., DeStefano, F., Lieu, T.A., Rhodes, P.H., Black, S.B., Shinefield,
H., Chen, R.T., 2003. Vaccine Safety Datalink Team Safety of thimerosal-containing
vaccines: a two-phased study of computerized health maintenance organization da-
tabases. Pediatrics 112, 1039–1048.

Wehe, C.A., Pieper, I., Holtkamp, M., Thyssen, G.M., Sperling, M., Schwerdtle, T., Karst,
U., 2014. On-line species-unspecific isotope dilution analysis in the picomolar range
reveals the time- and species-depending mercury uptake in human astrocytes. Anal.

Bioanal. Chem. 406, 1909–1916.
Wright, F.C., Palmer, J.S., Riner, J.C., 1973. Retention of mercury in tissues of cattle and

sheep given oral doses of a mercurial fungicide. Ceresan M. J. Agric. Food Chem. 21,
614–615.

Yonaha, M., Ishikura, S., Uchiyama, M., 1975. Toxicity of organic mercury compounds.
III. Uptake and retention of mercury in several organs of mice by long term exposure
of alkoxyethylmercury compounds. Chem. Pharm. Bull. (Tokyo). 23, 1718–1725.

Zareba, G., Cernichiari, E., Hojo, R., Nitt, S.M., Weiss, B., Mumtaz, M.M., Jones, D.E.,
Clarkson, T.W., 2007. Thimerosal distribution and metabolism in neonatal mice:
comparison with methyl mercury. J. Appl. Toxicol. 27, 511–518.

Zimmermann, L.T., Santos, D.B., Naime, A.A., Leal, R.B., Dórea, J.G., Barbosa Jr., F.,
Aschner, M., Rocha, J.B., Farina, M., 2013. Comparative study on methyl- and
ethylmercury-induced toxicity in C6 glioma cells and the potential role of LAT-1 in
mediating mercurial-thiol complexes uptake. Neurotoxicology 38, 1–8.

J.K. Kern, et al. Environmental Toxicology and Pharmacology 74 (2020) 103312

6

Downloaded for Anonymous User (n/a) at Southern Illinois University School of Medicine from ClinicalKey.com by Elsevier on 
August 16, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0200
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0200
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0205
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0205
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/thimerosal-and-vaccines
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/thimerosal-and-vaccines
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0215
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0215
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0215
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0215
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0220
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0220
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0220
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0220
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0225
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0225
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0225
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0230
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0230
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0230
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0235
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0235
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0235
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0240
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0240
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0240
http://refhub.elsevier.com/S1382-6689(19)30187-5/sbref0240

	Examining the evidence that ethylmercury crosses the blood-brain barrier
	Introduction
	Cellular studies – showing passive and active transport across the BBB
	Animal studies – showing accumulation in the brain after exposure to ethylmercury

	Clinical studies-– showing accumulation in the brain after exposure to ethylmercury-containing compounds
	The misconception of ethylmercury-containing compound retention and excretion time

	Current use of Thimerosal
	Current opinion on the safety of Thimerosal
	Conclusion
	Funding
	mk:H1_10
	References




