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Autism spectrum disorders (ASDs), also known as pervasive developmental disorders (PDD), are a behaviorally defined
group of neurodevelopmental disorders that are usually diagnosed in early childhood. ASDs disproportionately affect male
children. Mercury (Hg), a heavy metal, is widespread and persistent in the environment. Mercury is a ubiquitous source of
danger in fish, drugs, fungicides/herbicides, dental fillings, thermometers, and many other products. Elevated Hg
concentrations may remain in the brain from several years to decades following exposure. This is important because
investigators have long recognized that Hg is a neurodevelopmental poison; it can cause problems in neuronal cell migration
and division, and can ultimately cause cell degeneration and death. Case-reports of patients have described developmental
regressions with ASD symptoms following fetal and/or early childhood Hg exposure, and epidemiological studies have
linked exposure to Hg with an elevated risk of a patient being diagnosed with an ASD. Immune, sensory, neurological, motor,
and behavioral dysfunctions similar to traits defining or associated with ASDs were reported following Hg intoxication with
similarities extending to neuroanatomy, neurotransmitters, and biochemistry. The sexual dimorphism of ASDs may result
from synergistic neurotoxicity caused by the interaction of testosterone and Hg; in contrast, estrogen is protective, mitigating
the toxicity of Hg. Mercury exposure may significantly increase androgen levels, and as a result, patients diagnosed with an
ASD may significantly benefit from anti-androgen therapy. Finally, the clinical geneticist has a wealth of biomarkers to
evaluate and treat patients diagnosed with an ASD.
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INTRODUCTION
Autism spectrum disorders (ASDs), also known as
pervasive developmental disorders (PDD), are a behaviorally defined group of neurodevelopmental disorders
that are usually diagnosed in early childhood. ASDs
disproportionately affect male children (roughly, 5
males per 1 female) (Austin 2008). ASDs are characterized by early onset of impairments in social interaction
and communication, and the development of unusual
stereotyped behaviors. Unable to learn from the natural
environment as most children, the child diagnosed with
an ASD generally shows little interest in the world or
people around him/her. Although a few children with
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an ASD develop normal and even advanced skills in
particular areas, most exhibit a wide range of profound
behavioral problems and delayed or undeveloped skills.
Further, a child diagnosed with an ASD may display a
range of problem behaviors such as hyperactivity, poor
attention, impulsivity, aggression, self injury and tantrums. In addition, many frequently display unusual
responses to sensory stimuli such as hypersensitivities
to light or certain sounds, colors, smells, or touch and
have a high threshold of pain (Austin 2008). Further,
common co-morbidity conditions often associated with
an ASD diagnosis include gastrointestinal disease and
dysbiosis (White 2003), autoimmune disease (Sweeten
et al. 2003), and mental retardation (Bolte and Poustka
2002). Therefore, in the absence of treatment, an ASD
is, in general, a lifelong developmental disability that
profoundly affects the way a person comprehends,
communicates and relates to others.
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Historically, autism is a new disorder only described by
Dr. Leo Kanner from Johns Hopkins University among a
cohort of children born in the early 1930s. Subsequently,
autism remained a very rare disorder affecting less than 1
in 2 500 children. Starting in the late 1980s/early 1990s,
significant increases in the prevalence rate of diagnosed
ASDs were first observed in the United States (US).
Researchers have been unable to fully explain the increasing rates of ASD diagnosis in the US by changing diagnostic criteria or improved diagnostic systems (Blaxill
2004, Hertz-Picciotto and Delwiche 2009). In January
2004, an Autism A.L.A.R.M. was issued by the American
Academy of Pediatrics (AAP) and the US Centers for
Disease Control and Prevention (CDC), stating that 1 in
166 children in the US suffers from an ASD, and far
worse, that 1 in 6 children suffers from a developmental
and/or behavioral disorder. The most recent survey data
estimates that, for 8 year-old children born in the early
1990s, more than 1 in 150 children in the US may have an
ASD diagnosis and that more than 1 percent of children
may have an ASD diagnosis in certain regions of the US
(Centers for Disease Control and Prevention 2007). These
epidemic rates for ASD diagnoses in the US have apparently coincided with a sharp rise in fetal and infant exposures to mercury (Hg) (Austin 2008).
Mercury exposure: in review
Mercury, a heavy metal, is widespread and persistent
in the environment. Exposure to hazardous Hg levels
can cause permanent neurologic and renal impairment.
Elemental Hg or inorganic Hg, is released into the air or
water from sources such as coal-burning power plants or
manufacturing facilities and it becomes methylated in
the environment where it accumulates in animal tissues
and increases in concentration through the food chain.
The US population is primarily exposed to methyl-Hg
by eating fish. The exposure to methyl-Hg is of greatest
concern because fetuses are highly susceptible to Hg’s
adverse effects. In addition, numerous prescription and
over-the-counter drugs have contained or continue to
contain inorganic or organic forms of Hg. As a result,
Hg is a ubiquitous source of danger in drugs for the eye,
ear, nose, throat, and skin; in bleaching creams; as a
preservative in cosmetics, tooth paste, lens solutions,
vaccines, allergy test and immunotherapy solutions; in
antiseptics, disinfectants, and contraceptives; in fungicides and herbicides; in dental fillings and thermometers; and many other products (Geier et al. 2008b).

The most recent data by Lederman and coworkers
(2008) from the US CDC evaluated a cohort of several
hundred individuals in New York. It was observed that
about 6% of women of child bearing age had blood Hg
levels above the safety limit (≥5.8 µg/L) established by
the US Environmental Protection Agency (EPA)
(Centers for Disease Control and Prevention 2004). Far
worse, when evaluating the blood Hg levels present in
new born babies, about 1 in 3 infants tested had blood
Hg levels above the US EPA safety limit, and a number
of infants had blood Hg levels above the level defined
by the US CDC as the threshold level for Hg poisoning
(≥10 µg/L) (Belson et al. 2005).
Furthermore, most infants in the US have and continue to receive additional doses of Hg following birth
as part of the routine childhood vaccination schedule.
The Hg compound added to vaccines to help prevent
bacterial and fungal contamination in multi-dose vials
is called Thimerosal. Thimerosal, an antiquated drug
component which has never been adequately tested for
its safety in humans, contains organic Hg (ethyl-Hg)
and is about half Hg by weight (Geier et al. 2007).
During the mid-1980s, infants received a cumulative dose of 100 µg during the first 18 months from the
25 µg Hg in each DTP vaccine routinely administered
at 2, 4, 6, and 18 months of age. Additionally, during
this time, infants may have incurred additional Hg
exposure through breast milk if they were born to
mothers with Hg amalgam fillings and/or Rh-negative
mothers, since many Rho(D)-immune globulin formulations, used to prevent isoimmunization in the Rho(D)
negative individual exposed to Rho(D) positive fetal
blood, contained Thimerosal (10.5 to >50 µg Hg/dose).
Rho(D)-immune globulins were routinely recommended for administration to these mothers within 72
hours of birth (Geier et al. 2008b).
Starting in the late-1980s/early-1990s, the cumulative
dose of Hg children received from Thimerosal-containing
childhood vaccines/biologics almost tripled. Specifically,
a Thimerosal-containing Haemophilus influenza type b
(Hib) vaccine (25 µg Hg/dose) was recommended for
routine administration at 2, 4, 6 and 18 months of age.
Furthermore, a Thimerosal-containing hepatitis B vaccine (12.5 µg Hg/dose) was recommended for routine
administration at birth, 2 and 6 months. As a result, an
infant could have potentially received a cumulative dose
of 237.5 µg Hg during the first 18 months of life.
Furthermore, since many formulations of Rho(D)immune globulins were Thimerosal-containing
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(10.5 to >50 µg Hg/dose) and were recommended for
routine administration to all Rh-negative pregnant
women at 28 weeks of gestation starting in the late1980s/early-1990s (in addition to the recommendation
for its routine administration within 72 hours of birth),
the cumulative dose of Hg received from Thimerosalcontaining vaccines/biologics was certainly even higher
for many US infants (Geier et al. 2008b).
By the summer of 1999, the realization that the Hg
exposure American infants were incurring through the
immunization schedule exceeded some, if not all,
safety limits, caused alarm among both private health
organizations and public agencies. On July 7, 1999, the
US Public Health Service (USPHS) and the AAP
issued a joint statement that urged “all government
agencies to work rapidly toward reducing children’s
exposure to Hg from all sources”. The statement recommended that Thimerosal be removed from vaccines
as soon as possible as part of this overall process.
Between 1999 and 2001, many of the Thimerosalpreserved vaccines recommended for children less
than 6 years of age began to be made available in
reduced-Thimerosal (“preservative free”) formulations
in the US (Geier et al. 2008b).
Despite the call, issued by the USPHS and the AAP,
to reduce children’s exposure to Hg from all sources,
Thimerosal was re-introduced into the US routinely
recommended childhood vaccine schedule in 2002
with recommendations to administer two doses of
influenza vaccine in the first year of life (starting at 6
and 7 months of age) and to vaccinate all children who
were 6 months to 23 months of age (Geier et al. 2008b).
In addition, recommendations were made to vaccinate
all pregnant women who would be in their 2nd or 3rd
trimester of pregnancy during the US-”flu” season
(December to March) as well as those who have medical conditions that might increase their risk for complications from influenza, regardless of the stage of pregnancy. It is important to note that the significant majority of influenza vaccines have contained and continue
to contain Thimerosal (25 µg Hg/dose). Moreover, the
2002 recommendation has been continually expanded
to the point that, in 2008, the US CDC recommended
that all pregnant women should receive an influenza
vaccine (without regard to the trimester of pregnancy)
and that all infants should receive two doses of influenza vaccine in the first year of life, with one influenza
vaccine administered on a yearly basis thereafter until
a patient is 18 years-old (Geier et al. 2008b).

The administration of Thimerosal-containing vaccines to infants in the US was found to result in
increased blood Hg levels (Stajich et al. 2000, Pichichero
et al. 2008) with some infants having blood Hg levels
in excess of the blood safety limit from the US EPA, as
well as the blood Hg level defined by the US CDC as
the threshold level for Hg poisoning. In addition,
administration of Thimerosal-containing vaccines to
infants in the US was found to induce hair Hg levels in
excess of the hair Hg safety limit established by the US
EPA for significant periods of time during the first
several years of life (Redwood et al. 2001, Marques et
al. 2007).
All told, researchers have reported that Hg exposures in early childhood from both potential environmental and vaccine sources resulted in some infants
receiving in excess of 350 µg Hg during the first 6
months of life. It was estimated that about 50% of the
total Hg doses to which some infants were exposed
came from routinely recommended Thimerosalcontaining childhood vaccines. The cumulative exposure resulted in infants receiving doses of Hg in excess
of Hg exposure limits established by the US EPA, US
CDC, US Food and Drug Administration (FDA), and
Health Canada during key developmental periods during the first year of life (Bigham and Copes 2005).
Mercury distribution and
persistence following exposure
Furthermore, research studies in monkeys reported
that significant, persistent Hg concentrations were
present in the brain following administration of ethylHg (Takahashi et al. 1971) and injection of Thimerosalcontaining childhood vaccines comparable to the dosing schedule (weight- and age-adjusted) that US children received (Burbacher et al. 2005). In addition, it
was observed that a significant fraction of Hg observed
in the infant monkey’s brain following administration
of Thimerosal-containing childhood vaccines was
found to not significantly decrease in concentration
more than 120 days following the last dose administered to the infant monkeys. In addition, Olczak and
coworkers (2009) observed persistent significant Hg
levels in infant rat brains following administration of
Thimerosal mimicking the dosing that US children
received. Also, similar results were observed in infant
monkey’s brain following oral administration of low
doses of methyl-Hg (Burbacher et al. 2005). Some
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researchers have described that Hg may have the
potential to remain in the brain from several years to
decades following exposure (Sugita 1978).
Biological plausibility of
mercury induced ASDs
The importance of persistent increased brain Hg levels stems from the fact that researchers have long recognized Hg is a neurodevelopmental poison (Clarkson et
al. 1985). This means that Hg exposure can severely
disrupt the normal neurodevelopmental processes in the
human brain. As a result, Hg may cause problems in
normal neuronal cell migration and division, as well as
inducing neuronal cell degeneration, and ultimately cell
death. Based upon this knowledge, for example, Nelson
(1991) from the National Institute for Occupational
Safety and Health (NIOSH) of the US CDC reported
that organic Hg was among the compounds known to
induce behavior disorders such as autism. Subsequently,
other researchers reported the specific biological effects
of Hg exposure on neuronal development to be compatible with brain pathology observed in autism (Faustman
et al. 2000). In addition, published case-reports of
patients have described developmental regressions with
ASD symptoms following fetal and/or early childhood
Hg exposure (Chrysochoou et al. 2003, Geier and Geier
2007b, Corbett and Poon 2008). Researchers reported
that exposure to Hg can cause immune, sensory, neurological, motor, and behavioral dysfunctions similar to
traits defining or associated with ASDs, and that these
similarities extend to neuroanatomy, neurotransmitters,
and biochemistry (Austin 2008, Geier et al 2008b).
Finally, a scientific consensus statement developed by
the Collaborative on Health and the Environment’s
Learning Developmental Disabilities Initiative (2008)
on environmental agents associated with neurodevelopmental disorders declared there was no doubt Hg exposure causes learning and developmental disorders
including conditions such as ASDs.
Epidemiological evidence of a link
between mercury exposure and
ASDs
While epidemiology is not intended to provide an
absolute demonstration of drug safety or harm to an
individual, use of this academic discipline as a surveillance tool is appropriate in determining whether low

levels of Hg exposure may have contributed to an
increased risk for a child developing an ASD.
In order to investigate the relationship between levels
of Hg exposure from Thimerosal-containing vaccines
and ASDs, a meta-analysis epidemiological study was
performed on data from the Vaccine Adverse Event
Reporting System (VAERS) database (Geier and Geier
2006b). The VAERS is an epidemiological database that
has been maintained by the US CDC since 1990 as a
surveillance tool to evaluate vaccine safety. Using techniques developed and published by the US CDC, unique
VAERS reports stating that a DTP or Thimerosalcontaining DTaP was administered were assigned to the
Hg exposed group, and the unique VAERS reports stating that DTPH or Thimerosal-free DTaP was given
were assigned to the Hg unexposed group. The Biological
Surveillance Summary reports from the US CDC,
sorted by vaccine manufacturers, indicated that there
were a total of 57 151 417 vaccine doses administered to
children in the exposed group, those receiving additional doses of Hg from Thimerosal-containing vaccines (i.e. the DTP or Thimerosal-containing DTaP
vaccines), and 47 985 230 vaccine doses administered to
children in the unexposed group, those receiving lower
doses of Hg from vaccines (i.e. the DTPH or Thimerosalfree DTaP vaccines). The following numbers of studyassociated neurodevelopmental disorder adverse events
were identified in VAERS: autism (133 reports), speech
disorders (115 reports), mental retardation (143 reports),
personality disorders (124 reports), thinking abnormalities (41 reports), ataxia (41 reports), and neurodevelopmental disorders in general (374 reports). It was observed
that there were significantly increased adjusted risk
ratios for neurodevelopmental disorder adverse events
reported to VAERS in the exposed group, when compared to the unexposed group, for the outcomes of
autism, speech disorders, mental retardation, personality disorders, thinking abnormalities, ataxia, and neurodevelopmental disorders in general. By contrast, none
of the control adverse events (note: these were selected
on an a priori as not biologically plausibly linked to an
increased risk following additional doses of Hg from
Thimerosal-containing vaccines) of conjunctivitis,
febrile seizures or lymphadenopathy reported to VAERS
had a significantly increased risk ratio in the exposed
group when compared to the unexposed group.
Young and coauthors (2008) examined possible
associations between neurodevelopmental disorders
and exposure to Hg from Thimerosal-containing vac-

Autism 213
cines by evaluating automated medical records for
patients in the US CDC’s Vaccine Safety Datalink
(VSD) database. A total of 278 624 subjects were identified in birth cohorts from 1990-1996 that had received
their first oral polio vaccination by 3 months of age in
the VSD. The birth cohort prevalence rate of medically
diagnosed International Classification of Disease, 9th
revision (ICD-9) specific neurodevelopmental disorders (selected a priori as having a biologically plausible
association with Hg exposure) and control outcomes
(selected a priori as not having biologically plausible
association with Hg exposure) were calculated.
Exposure to Hg from Thimerosal-containing childhood vaccines was calculated by birth cohort for specific exposure windows from birth-7 months and birth13 months of age. Poisson regression analysis was used
to model the association between the prevalence of
outcomes and Hg doses from Thimerosal-containing
childhood vaccines. Consistent significantly increased
rate ratios were observed for autism, ASDs, tic disorders, developmental disorder/learning disorder, attention deficit disorder, and emotional disorders with Hg
exposure from Thimerosal-containing childhood vaccines. By contrast, none of the control outcomes had
significantly increased rate ratios with Hg exposure
from Thimerosal-containing childhood vaccines.
Gallagher and Goodman (2008) investigated the
relationship between Hg exposure from Thimerosalcontaining hepatitis B vaccination in 1,824 children
age 1-9 years and developmental disability based upon
examination of data from the US CDC’s 1999-2000
National Health and Nutrition Survey. These researchers observed that the odds of developmental disabilities were about nine times greater for boys receiving
Thimerosal-containing hepatitis B vaccinations than
those who were unvaccinated. These researchers concluded that their study provided significant evidence
for an association between Thimerosal-containing
hepatitis B vaccination to US infants and an increased
risk of developmental disabilities.
Marques and coworkers (2008) evaluated pre- and
postnatal variables associated with neurodevelopment at
180 days in a cohort of 82 exclusively breastfed infants
using principal component analysis. This multivariate
method was applied to identify hierarchy and sets of
interrelated variables. The principal component analysis
yielded a significant inverse relationship between exposure to Hg from Thimerosal-containing childhood vaccines and neurodevelopment (measured by Gesell scores)

in the areas of motor development, language development, adaptive development, and general development.
A recent study evaluated the potential adverse
effects of prenatal Hg exposure from Thimerosalcontaining Rho(D) immune globulins (TCRs) routinely administered to Rh-negative mothers in the US
prior to 2002 (Geier et al. 2008c). It was hypothesized:
(1) if prenatal Rho(D)-immune globulin preparation
exposure was a risk factor for neurodevelopmental
disorders then more children with neurodevelopmental
disorders would have Rh-negative mothers compared
to controls; and (2) if Thimerosal in the Rho(D)immune globulin preparations was the ingredient
associated with neurodevelopmental disorders, following the removal of Thimerosal from all manufactured
Rho(D)-immune globulin preparations in 2002, the US
frequency of maternal Rh-negativity among children
with neurodevelopmental disorders should be similar
to control populations.
Maternal Rh-negativity was assessed at two sites
(Clinic A-Lynchburg, VA; Clinic B-Rockville and
Baltimore, MD) among 298 Caucasian children with
neurodevelopmental disorders and known Rh-status.
As controls, maternal Rh-negativity frequency was
determined from 124 Caucasian children (born 19872001) without neurodevelopmental disorders at Clinic
A, and the Rh-negativity frequency was determined
from 1 021 Caucasian pregnant mothers that presented
for prenatal genetic care at Clinic B (1980–1989).
Additionally, 22 Caucasian patients with neurodevelopmental disorders born from 2002 onwards (Clinics
A and B) were assessed for maternal Rh-negativity.
There were significant and comparable increases in
maternal Rh-negativity among children with neurodevelopmental disorders (Clinic: A=24.2%), ASDs
(Clinic: A=28.3%, B=25.3%), and attention-deficitdisorder/attention-deficit hyperactivity-disorder
(Clinic: A=26.3%) observed at both clinics in comparison to both control groups (Clinic: A=12.1%, B=13.9%)
employed. Children with neurodevelopmental disorders born post-2001 had a maternal Rh-negativity frequency (13.6%) similar to controls.
In contrast, some studies have failed to find a consistent significant association between Hg exposure
from Thimerosal-containing childhood vaccines and
neurodevelopmental disorders (Verstraeten et al. 2003,
Thompson et al. 2007, Tozzi et al. 2009). For example,
Thompson and colleagues (2007) reported among the
42 neuropsychological outcomes evaluated, they were
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able to detect only a few significant associations
between dose-dependent exposure to Hg from
Thimerosal and deficits in the areas attention, executive functioning, and speech articulation, but concluded that their study does not support a causal association between early exposure to Hg from Thimerosalcontaining vaccines/immune globulins and deficits in
neuropsychological functioning at the age of 7 to 10
years because the associations observed were small
and almost equally divided between positive and negative effects. As another example, Verstraeten and
coworkers (2003) described significantly increased
relative risks for tics and language delay with dosedependent increasing cumulative exposure to Hg from
Thimerosal-containing childhood vaccines, but the
investigators concluded that no consistent significant
associations were found between Thimerosalcontaining childhood vaccines and neurodevelopmental disorders. Tozzi and others (2009) reported among
24 neuropsychological outcomes evaluated, increasing
Hg exposure from Thimerosal-containing childhood
vaccines was associated with significantly worse mean
finger-tapping with the dominant hand test scores and
Boston Naming test scores, but the investigators concluded the associations found, although statistically
significant, might be attributable to chance, and their
clinical relevance remains to be determined.
In yet another study, a prospective, blinded assessment was undertaken to examine the hypothesis that
increased Hg exposure from maternal dental amalgams
during pregnancy may significantly impact the severity
of ASD diagnoses (Geier et al. 2009e). A total of 100
qualifying participants born from 1990-1999 and diagnosed with DSM-IV autism (severe) or ASD (mild)
were prospectively recruited from patients presenting
for outpatient genetic consultations at the Genetic
Centers of America. Logistic regression analysis (age,
gender, race, and region of residency adjusted) by quintile of maternal dental amalgams during pregnancy
revealed the ratio of autism: ASD (severe: mild) was
about 1 (no effect) for ≤5 amalgams and increased for
≥6 amalgams. Fitting the model with a binary maternal
dental amalgam level during pregnancy revealed that
subjects whose mothers had ≥6 amalgams during pregnancy were 3.2-fold significantly more likely to be
diagnosed with autism (severe), in comparison to ASD
(mild), than subjects whose mothers had ≤5 amalgams
during pregnancy. This study concluded that elevated
Hg exposure from maternal dental amalgams during

pregnancy is associated with an elevated risk of
increasing autism severity.
Finally, a series of epidemiological studies conducted in the US (in California, Louisiana, and Texas)
and in South America have all also found significant
associations between environmental sources of Hg
exposure and ASDs (Counter et al. 2002, Palmer et al.
2006, 2009, Rury 2006, Windham et al. 2006). In the
study published from California (supported by the US
CDC), 283 children with ASDs and 657 controls, born
in 1994 in the San Francisco Bay area, were examined
(Windham et al. 2006). These researchers assigned
exposure level by census tract of birth residence for 19
chemicals. Among these 19 chemicals to which children were exposed, Hg was found to be the single largest risk factor associated with ASDs. When comparing
high Hg exposure relative to low Hg exposure, there
was a significant increase of the risk, which was about
double, for being diagnosed with an ASD. Furthermore,
Palmer and coauthors (2009) demonstrated that distance from point sources of Hg exposure were significantly related to the risk of an individual being diagnosed with an ASD, even after adjustment of potential
covariates. Furthermore, Schweikert and others (2009)
undertook an evaluation in the US, on a state by state
basis, of ASD prevalence among 3 to 5 year-old children from 2000 to 2006 and environmental Hg exposure levels from 1996 to 2006. These investigators
observed that Hg concentration in the environment
among children 1 year-old or younger had a significant
association with ASD prevalence three years later.
Animal models of mercury
exposure induced ASDs
Several researchers examined the potential adverse
effects of administration of Thimerosal-containing
childhood vaccines mimicking the US vaccination
schedule (weight- and age-adjusted) to mouse (Hornig
et al. 2004, Minami et al. 2010), rat (Olczak et al.
2009), and hamster (Laurente et al. 2007) animal systems. It was observed that pathological and clinical
symptoms similar to those seen in patients diagnosed
with an ASD were observed following the dosing regimen. For example, Hornig and coworkers (2004) from
Columbia University observed that a genetically sensitive mouse strain exhibited many of the symptoms and
altered brain structure observed in children diagnosed
with ASDs, including: growth delay, reduced locomo-
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tion, exaggerated response to novelty, decreased numbers of Purkinje cells, increased brain size, densely
packed, hyperchromic hippocampal neurons with
altered glutamate receptors and transporters. Laurente
and colleagues (2007) found significantly decreased
bodyweight and brain weight, and smaller stature in
hamsters. They also observed damage to the hippocampus, cerebral cortex, and cerebellum (Purkinje
cells and granulose cells); with decrease in neuronal
density, neuronal necrosis, axonal demyelinization,
and gliosis. In addition, research in rats showed
impaired pain reactions (Olczak et al. 2009). Similar
results were observed following low-dose methyl-Hg
exposure during perinatal periods in several different
animal model systems (Burbacher et al. 1990, Burke et
al. 2006, Falluel-Morel et al. 2007, Bourdineaud et al.
2008, Fischer et al. 2008, Montgomery et al. 2008,
Yochum and Wagner 2009).
Clinical evidence of susceptibility
and toxicity from mercury in ASDs
With animal models demonstrating the toxic effect
of low-dose Hg exposure upon the developing brain,
and epidemiological studies suggesting a correlation
between Hg exposure and the rate of ASDs, one must
assess whether this association is theoretical or actual.
This requires an assessment of Hg body-burden and/or
detoxification between children diagnosed with an
ASD and neurotypical controls. Among individuals
diagnosed with an ASD relative to controls, data have
demonstrated: increased brain Hg levels (SajdelSulkowska et al. 2008); increased blood Hg levels
(DeSoto and Hitlan 2007, Geier et al. in press);
increased Hg levels in baby teeth (Adams et al. 2007);
increased Hg levels in hair samples (Fido and Al-Saad
2005); increased urinary porphyrins-associated with
Hg intoxication (Austin and Shandley 2008, Geier and
Geier 2006c, 2007c, Nataf et al. 2006, 2008) increased
Hg in urine/fecal samples (Bradstreet et al. 2003, Geier
and Geier 2007b); and decreased of Hg through first
baby haircuts (Holmes et al. 2003, Adams et al. 2008).
Furthermore, it was observed in blinded studies of
children diagnosed with an ASD that the greater the
Hg body burden (as measured by Hg-associated porphyrins), the more severely affected the child diagnosed with an ASD, as measured by a professional
evaluation based upon the Childhood Autism Rating
Scale (CARS) (Geier et al. 2009b, 2009b,c). It was also

observed from regression analyses that the body burden of toxic metals, particularly Hg, as assessed by
urinary excretion before and after detoxification therapy, was significantly related autism severity, as measured by a professional evaluation based on the Autism
Diagnostic Observation Schedule (ADOS), among
children diagnosed with an ASD (Adams et al. 2009).
In heavy metal toxicity, Hg binds to cysteine thiol
(-SH) groups on intracellular proteins and inactivates
their function. The cysteine-SH group of glutathione
binds Hg and protects essential proteins from functional inactivation. The synthesis of glutathione has
been directly linked to the rate of Hg excretion and cellular protection from Hg-induced damage. Individuals
with genetic deficiencies in glutathione synthesis will
be less able to excrete Hg and will be more sensitive to
its adverse effects. Several studies in patients diagnosed with an ASD relative to controls demonstrate
transsulfuration pathway abnormalities, including significant reductions in plasma cysteine, plasma sulfate,
plasma reduced glutathione (GSH), and total glutathione levels. A series of studies showed that there were
significant correlations between genetic changes associated with reduced functioning in Hg detoxification
pathways (i.e. gene deletions/polymorphisms) in
patients diagnosed with ASDs in comparison to controls (Geier et al. 2009a, 2009d). A significant increasing correlation was also found between increased
body-burden of Hg as measured by urinary porphyrins
and glutathione unavailability as measured by plasma
oxidized glutathione (GSSG) (Geier et al. 2009b).
James and others(2009) utilized lymphoblastoid
cells (LCLs) derived from children diagnosed with
autism and from unaffected controls. These cells were
used to assess relative concentrations of GSH and
GSSG in cell extracts and isolated mitochondria as a
measure of intracellular redox capacity. The results
indicated that the GSH/GSSG redox ratio was decreased
and percentage oxidized glutathione increased in both
cytosol and mitochondria in the autism LCLs. Exposure
to oxidative stress via Thimerosal exposure resulted in
a greater decrease in the GSH/GSSG ratio and increase
in free radical generation in autism compared to control
cells. Acute exposure to physiological levels of nitric
oxide decreased mitochondrial membrane potential to
a greater extent in the autism LCLs, although GSH/
GSSG and ATP concentrations were similarly decreased
in both cell lines. These investigators concluded that it
is plausible to hypothesize that exposures to prooxidant
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environmental toxins, including Thimerosal, would
have the greatest effect on individuals with a preexisting fragile redox homeostasis or depleted glutathione
reserves due to concurrent infection, or who are simultaneously exposed to other prooxidant contaminants
that in combination can reach a toxic threshold. These
potentially vulnerable sub-populations need to be identified and evaluated independently because large population epidemiologic studies do not have the sensitivity
to detect minor high-risk subpopulations.
Cellular mechanisms of mercuryinduced ASDs
In considering the potential for an exposure to
induce a disorder, it is important to demonstrate that
the exposure can induce the pathological findings
characterizing the disorder in an in vitro model system. Furthermore, estimating the amount of exposure
necessary to induce the pathology observed in the disorder and evaluating this in the context of other exposures that may produce and/or contribute to the disorder is essential.
Recent studies have demonstrated that Hg, and in
particular Thimerosal, was able to induce significant
mitochondrial dysfunction, reduced cellular oxidative–
reduction activity, cell death, and cellular degeneration
in a concentration- and time-dependent fashion (Geier
et al. 2009f). The LC50 for mitochondrial dysfunction
following 24 h incubation with Thimerosal ranged
between 9.7 and 337 nM. Additionally, following 48
hours of incubation with Thimerosal containing media,
the LC50 for cell oxidative–reduction activity in the
neuroblastoma cells studied was 7.6 nM Thimerosal.
Furthermore, different cell types showed different levels of susceptibility to Thimerosal-induced cellular
toxicity. The observed order of the sensitivity of the cell
types studied to Thimerosal-induced cellular toxicity
was: human fetal cells >human neuroblastoma cells
>human astrocytoma cells (Geier et al. 2009f). Similarly,
Parran and coworkers (2005) described the LC50 for
cell death in SH-SY-5Y human neuroblastoma following incubation with Thimerosal (without serum) at 38.7
and 4.35 nM, at 24 and 48 hours, respectively. Yel and
coworkers (2005) demonstrated that Thimerosal, in a
concentration- and time-dependent manner, even in
nanomolar concentrations as low as 25 nM (these
researchers did not examine any concentrations of
Thimerosal lower than 25 nM), significantly increased

cell death in neuroblastoma cells. These researchers
demonstrated that the cell death induced by Thimerosal
was visually characterized by visual phenomena,
including: nuclear morphology of apoptosis, vacuolization, and chromatin condensation and shrinking.
Further, Humphrey and coauthors (2005) reported on
mitochondrial mediated Thimerosal-induced apoptosis
in SKN-SH human neuroblastoma cells. These researchers visually observed that low-concentration Thimerosal
exposure rapidly induced neuronal cell degeneration
characterized by alterations in membranes, characteristic of cellular blebbing seen in apoptosis. In addition,
cell shrinkage, and detachment were also observed.
Finally, researchers demonstrated that low-dose
Thimerosal exposure rapidly inhibited important neurodevelopmental pathways in neurons (Waly et al.
2004, James et al. 2005, Ariano et al. 2006, Herdman
et al. 2006, Lawton et al. 2007, Deth et al. 2008)
The concentrations of Thimerosal used in many of
the aforementioned studies to induce significant neuronal cell toxicity are comparable with physiological
levels known to be induced by fetal and early infant
exposure to Hg from Thimerosal-containing biologics
and vaccines (Burbacher et al. 2005). Further, the
observed effects induced by Thimerosal are consistent
with recently emerging evidence documenting the
brain pathophysiology present in patients diagnosed
with an ASD. For example, it was shown by Geier and
coworkers (2009f) and James and others (2005) that
human neuroblastoma cells were significantly more
susceptible to Thimerosal-induced damage than human
astrocytoma cells. Further, Toimela and Tahti (2004)
evaluated co-cultures of neuroblastoma and astrocytoma cells following organic and inorganic Hg exposures. In co-cultures of neuroblastoma and astrocytoma cells, researchers visually observed that neuroblastoma cells were significantly damaged at Hg concentrations which had little or no adverse effects on the
astrocytoma cells. Consistent with these observations,
Lopez-Hurtado and Prieto (2008) found striking differences in the density of glial cells, the density of
neurons and the number of lipofuscin-containing neurons in brain regions associated with the production
and processing of speech when patients diagnosed
with an ASD were compared to controls. Specifically,
it was observed that the brains in the patients diagnosed with an ASD had significantly greater mean
densities of glial cells in comparison to controls. By
contrast, the density of neurons was significantly
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decreased in the brain samples of patients diagnosed
with autistic disorders in comparison with controls. It
is important to note that visual images obtained from
the brain samples of patients diagnosed with an ASD
were virtually identical in morphology with those
observed in co-cultures of neuroblastoma and astrocytoma cells exposure to Hg by Toimela and Tahti (2004).
These researchers observed that patients diagnosed
with an ASD had significantly increased numbers of
lipofuscin-containing neurons in comparison to controls. The presence of lipofuscin in neurons is significant with regard to Hg toxicity, because lipofuscin is a
depot for heavy metals such as Hg (Opitz et al. 1996).
Finally, it was observed in several studies that significant mitochondrial dysfunction and impaired oxidative–reduction are significant mechanisms underlying
neuronal cell damage induced by Thimerosal
(Humphrey et al. 2005, James et al. 2005, Yel et al.
2005, Herdman et al. 2006, Geier et al. 2009f).
Consistent with these observations, studies identified
evidence for mitochondrial dysfunction and impaired
oxidative–reduction in patients diagnosed with an
ASD (Chauhaun and Chauhaun 2006).
An explanation of the male/female
ratio in ASDs
As was stated previously, ASDs disproportionately
affect male children (roughly, 5 males per 1 female),
and hence, any causal factors for ASDs must be able to
explain this phenomena. In animal models and in
human poisonings, males were found to be significantly more susceptible to Hg toxicity (including following exposure to Thimerosal) than females (Clarkson
et al. 1985, Grandjean et al. 1998, Vahter et al. 2007,
Branch, 2009). Also, in a series of tissue culture experiments, testosterone was able to potentiate the neuronal
toxicity of Hg (including Thimerosal), whereas estrogen lessened the toxicity (Haley 2005). Further,
increased testosterone and associated androgen metabolites were observed to occur in tissue culture, in animals, and in humans following low-dose Hg exposure
(Freeman and Sangalang 1977, Veltman and Maines
1986, Barregard et al. 1994). Mercury was even shown
to significantly reduce the functional activity of several enzymes, including: 21-hydroxylase (21-OH),
hydroxysteroid sulfotransferase (HST), and aromatase
that would be expected to raise testosterone and other
androgen levels (Ryan and Carroll 1976, Veltman and

Maines 1986, Gerstenberger et al. 2000, Xu et al.
2002). In addition, the enzyme HST is dependent upon
sulfation, glutathione, and is inhibited by inflammation (Ryan and Carroll 1976, Kim et al. 2004). Finally,
it was previously observed in pink disease, known to
be primarily caused by the use of mercuric chloride
teething powers in infants, that altered states of adrenocorticol secretion, excessive production of androgen
hormones, and pseudohermaphroditism in infancy and
childhood were common occurrences (Cheek et al.
1951) and Geier and coworkers (2010) observed significantly increased rate ratios for medically diagnosed
ICD-9 premature puberty following additional doses
of mercury exposure from Thimerosal-containing
childhood vaccines in the VSD.
A series of clinical studies have examined androgen
metabolites in patients diagnosed with an ASD. These
studies have revealed hormonal patterns consistent
with significantly elevated androgen levels in patients
diagnosed with an ASD relative to controls. For example, Tordjman and coauthors (1997) examined a case
series of patients diagnosed with an ASD relative to
controls, and found that 1 in 3 pre-pubertal age children diagnosed with an ASD had significantly increased
plasma testosterone levels relative to age- and sexmatched controls. Similarly, in a case series of patients
diagnosed with an ASD, Geier and Geier (2006a)
found that patients had significantly increased dehydroepiandrosterone (DHEA) and serum testosterone
levels relative to age- and sex-specific normal laboratory reference ranges from the Laboratory Corporation
of America (LabCorp). Subsequently, Geier and Geier
(2007c) evaluated a moderate size cohort of patients
diagnosed with an ASD (n=70) for androgen metabolites relative to age- and sex-specific laboratory reference ranges from LabCorp.
The results of the study showed significantly
increased relative mean levels for serum testosterone
(158%), serum free testosterone (214%), percent free
testosterone (121%), DHEA (192%), and androstenedione (173%) among patients diagnosed with an ASD
in comparison with controls. In addition, on an individual test basis, greater than 20% of ASD patients
tested had levels greater than the laboratory age- and
sex-specific reference range upper limit values for
each androgen attribute examined. On the whole, it
was observed that 81.4% (57 of 70) patients diagnosed
with an ASD had at least one androgen that was greater than the pertinent upper limit for their laboratory
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age- and sex-specific reference range. Additionally,
among those with an ASD diagnosis, the female
patients studied had a significantly increased overall
relative percentage of mean levels for both serum testosterone and serum free testosterone, in comparison
to male patients examined. In addition, others have
observed that patients diagnosed with an ASD also
have lower-than-expected 2nd to 4th digit (2D: 4D) ratios
(Manning et al. 2001, de Bruin et al. 2006), which is
correlated with higher ratios of fetal testosterone (FT)
to fetal estradiol (Lutchmaya et al. 2004).
The hypothesis that biochemical blocks in the hormonal synthesis pathway of patients diagnosed with an
ASD may result in increased testosterone and other
androgens is supported by multiple different clinical
observations. Testosterone production is significantly
regulated by the conversion of DHEA to the storage
metabolite of dehydroepiandrosterone-sulfate
(DHEA-S) by the enzyme HST. Any significant
decrease in the ability to make this conversion would
be expected to result in elevated DHEA levels that
could proceed through the androgen synthesis pathway
to produce testosterone. Based upon the known increase
in Hg body-burden, as well as dysfunction within the
transsulfuration pathway (i.e. low sulfate and low glutathione) in patients diagnosed with an ASD, it is
expected that DHEA-S levels should be significantly
decreased. Strous and collaegues (2005) confirmed
that patients diagnosed with an ASD had significantly
lowered plasma DHEA-S levels in comparison to controls. This may have a significant impact on testosterone because most DHEA is supposed to be converted
into DHEA-S. As a result, even slight perturbations in
the conversion of DHEA to DHEA-S by HST may have
a significant impact on increasing testosterone levels.
Also, consistent with the notion that elevated testosterone is the result of biochemical blockage within the
androgen synthesis pathway, Geier and Geier (2007c)
evaluated follicle-stimulating hormone (FSH) levels in
patients diagnosed with an ASD relative to pertinent
age- and sex-specific reference ranges, and found that
the relative mean level of FSH (51%) was significantly
decreased. This was observed despite the fact that
these same patients had significantly elevated androgen levels as was described previously. Further, examination of the patients by head MRI (for pituitary
tumors) and abdominal ultrasound (for adrenal tumors)
was unable to account for the significant elevations
observed in androgen levels. As a result, it was postu-

lated that the pituitary in patients diagnosed with an
ASD was attempting to down regulate androgen synthesis, but was unsuccessful because of significant
biochemical blockage within the androgen synthesis
pathway.
The importance of biochemical blockage within the
androgen synthesis pathway and ASDs is further supported by genetic studies examining the clinical symptoms of patients with steroid sulfatase deficiency. Kent
and others (2008) reported that X-linked ichthyosis
(XLI) (steroid sulfatase deficiency) is caused by deletions or point mutations of the steroid sulfatase (STS)
gene on chromosome Xp22.32. Deletions of this region
can be associated with cognitive behavioral difficulties
including autism. Animal work suggests the STS gene
may be involved in attentional processes. Cases of XLI
were recruited from families originally discovered
fetuses with STS deficiency through a routine maternal screening program. Boys with XLI were assessed
for attention deficit-hyperactivity disorder (ADHD)
and autism using standardized questionnaires and
interviews. Deletions of the STS gene were identified
and characterized by analysis of genomic DNA and/or
fluorescent in situ hybridization. The study examined
25 boys with XLI who were assessed for autism and
ADHD. Forty percent fulfilled DSM-IV criteria for a
diagnosis of ADHD, 80% of which were inattentive
subtype. ADHD diagnoses were present in those with
both deletions and presumed point mutations of STS.
Additionally, five boys, from three unrelated families,
fulfilled criteria for an autistic spectrum disorder or
related language/communication difficulty. These
investigators concluded that STS deficiency may be a
risk factor for ADHD with predominantly inattentive
symptoms and those with XLI deletions are also at
increased risk of developing autism and related disorders.
The elevations in testosterone and other androgens
with decreased levels of estradiol and other estrogens
may also have other important biochemical functional
consequences in patients diagnosed with an ASD.
Elevated levels of testosterone, and possibly other
androgen metabolites, may have a negative impact on
the transsulfuration pathway. A series of studies demonstrated that testosterone administration at least partially blocks the conversation of homocysteine to cystathionine, whereas estrogen administration had the
opposite effect. Additionally, researchers have shown
significant positive correlations between homocysteine
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and androstenedione levels and glutathione and
DHEA-S levels in humans. Thus, high levels of androgens are expected to block the transsulfuration pathway. The apparent result, as demonstrated in those
with an ASD diagnosis, is significantly increased
homocysteine, S-adenosylhomocysteine (SAH), or
adenosine levels, in comparison to controls (Geier and
Geier 2007c, Geier et al. 2008b).
Prudova and coworkers (2007) reported that clearance of homocysteine via the transsulfuration pathway
provides an endogenous route for cysteine synthesis
and represents a quantitatively significant source of
this amino acid needed for glutathione synthesis. Men
have higher plasma levels of total homocysteine than
do women, but the mechanism of this sex-dependent
difference is not known. In this study, the researchers
investigated regulation by testosterone of cystathionine β-synthase (CBS), which catalyzes the committing
step in the transsulfuration pathway. These investigators reported that testosterone downregulates CBS
expression via a posttranscriptional mechanism in an
androgen-responsive human cell line. This diminution
in CBS levels is accompanied by a decrease in flux
through the transsulfuration pathway and by a lower
intracellular glutathione concentration. The lower antioxidant capacity in testosterone-treated human cells
increases their susceptibility to oxidative stress conditions. These results demonstrate regulation of the
homocysteine-clearing enzyme, CBS, by testosterone
and suggest the potential utility of targeting this enzymatic block to help control glutathione levels.
In putting these pieces together, environmental
exposures (particularly Hg exposure) that adversely
effect HST and the transsulfuration pathway can cause
a cyclical biochemical interaction pattern to develop
between the transsulfuration and androgen pathways
that directly correlates with the biochemistry observed
in those with an ASD diagnosis. As expected, this
interaction pattern and androgen elevations are consistent with the behavioral/physical traits associated with
or defining those who have an ASD diagnosis.
Understanding the treatment of
hormonal disturbances in ASDs
Elevated androgens in patients diagnosed with an
ASD may have a very significant impact on the clinical symptoms observed. Investigators reported that
individuals with an ASD tend to display a hypermas-

culine profile on many cognitive tasks. In addition,
patients diagnosed with an ASD tend to show lower
verbal and higher numerical intelligence. Some neuroanatomical studies comparing the brains of individuals
with and without an ASD reveal structural differences
associated with high levels of FT, including hemispheric asymmetries. Girls with abnormally high FT
levels as a result of congenital adrenal hyperplasia
(CAH) have a higher number of autistic traits than
their unaffected sisters. Clinical examination of
patients with an ASD has revealed that on average,
girls with an ASD show a significant delay in the onset
of menarche (excess androgens have been linked to
menstrual problems) and are more likely to display
elevated rates of testosterone-related disorders than
neurotypical controls (Geier and Geier 2007c, Geier et
al. 2008b). Dorn and others (1999) even observed a
significant increase in ASD symptoms (including psychosocial problems such as increased social problems,
increased social withdrawal, increased behavior problems, increased depression, increased internalizing/
externalizing behaviors, reduced vocabulary, reduced
verbal scale IQ, and reduced information/processing)
among previously neurotypical children with premature adrenarche (with increased blood levels of DHEA
and androstenedione) in comparison to matched control children with on-time adrenarche.
In clinically considering the apparent biochemical
abnormalities in the androgen pathway among those
having an ASD diagnosis, and the significant importance of abnormalities that the androgen pathway may
have on the clinical symptoms observed in patients
diagnosed with an ASD, some have suggested that
therapies which address the steroid hormone pathways
in ASD cases may help to improve clinical outcomes
(Geier and Geier 2005). Recently, several studies with
drugs having known anti-androgen effects including:
leuprolide acetate, cyproterone acetate, spironolactone,
risperidone, haloperidol, and pioglitazone were reported to have beneficial effects in ASDs. These studies
noted that the therapies utilizing these drugs resulted
in significant clinical ameliorations in hyperactivity/
impulsivity, stereotypy, aggression, self injury, abnormal sexual behaviors, and/or irritability behaviors that
frequently occur in those with an ASD diagnosis
(Geier and Geier 2007c, Geier et al. 2008b).
Among the aforementioned drugs, leuprolide acetate
appears to hold an especially interesting potential to
significantly help patients diagnosed with an ASD
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because of its previously reported ability to help significantly ameliorate many of the clinical symptoms
present in those diagnosed with an ASD.
For example, Umathe and colleagues (2008b)
described a correlation between the neuronal mechanism of anxiety and the neuroanatomic expression/
neuromodulatory role of gonadotropin-releasing hormone (GnRH). These researchers investigated the
influence of GnRH agonists and antagonist on the
anxiety-like behavior of rats in the elevated plus-maze
and social interaction tests. Leuprolide acetate administration significantly increased percentage of open
arms entries, time spent in open arms, and time spent
in social interaction in rats, and the observed anxiolytic effect of leuprolide acetate administration was
comparable with diazepam (an anxiolytic medication).
Further, in other animal studies it was observed that
leuprolide acetate administration significantly
improved hyperactivity (Umathe et al. 2008b) and
depressive (Umathe et al. 2008c) conditions. In addition, Bryan and coauthors (2010) demonstrated that
leuprolide acetate administration improved cognitive
function in the Morris water maze and Y-maze tests.
Importantly, these investigators observed pathways
associated with improved cognition such as CaMKII
and GluR1-Ser831 were up-regulated by leuprolide
treatment.
Loosen and coworkers (1994) evaluated the effects
of acute gonadal suppression on sexual function and
behavior in a clinical trial conducted on eight normal
men. Administration of a potent GnRH antagonist
reduced levels of serum testosterone, luteinizing hormone, and follicle-stimulating hormone. These effects
coincided with significant reductions in outward-directed aggression, sexual function, sexual desire,
anger, and anxiety. Further, Giammanco and coauthors
(2005) described an important role for elevated testosterone levels in aggressive behavior, and that administration of an antagonist of hypophysial GnRH reduced
testosterone levels and aggressiveness in man.
Umathe and others (2008d) reported that GnRH and
sex steroids are known to modulate the immune system. These investigators examined mice treated with
leuprolide acetate to determine whether it could be
useful to prevent stress-induced immunosuppression.
Leuprolide prevented stress-induced decrease in relative weights of thymus, total leukocyte count, and
sheep red blood cells challenged humoral and cellmediated immune reaction, and thus, the investigators

concluded that leuprolide acetate significant prevented
stress-induced immunosuppression.
Mathias and his lab team (1998) conducted a double-blind, placebo controlled trial using leuprolide
acetate (Lupron Depot), in the treatment of moderate
to severe symptoms (especially abdominal pain and
nausea) in patients with functional bowel disease
(FBD). Pain is the hallmark of patients with FBD.
Patients in the Lupron Depot-treated group showed
consistent improvement in symptoms, including for
abdominal pain and nausea compared to placebo.
Patient quality of life assessments and global evaluations completed by both patient and investigators were
highly significant compared to placebo. All reproductive hormone levels significantly decreased for both
Lupron Depot-treated groups by week 4 and were significantly different compared to placebo at week 16.
These investigators concluded that their study shows
that leuprolide acetate is effective in controlling the
debilitating symptoms of abdominal pain and nausea
in patients with FBD.
In evaluating the effects of leuprolide acetate administration to patients diagnosed with an ASD, investigators have described their clinical experience following
its administration to nearly 200 patients with an ASD
diagnosis. Leuprolide acetate administration significantly lowered androgen levels and resulted in very
significant overall clinical improvements in socialization, sensory/cognitive awareness, and health/physical/
behavior skills, with few non-responders and minimal
adverse clinical effects to the therapy. It was also
observed that leuprolide acetate administration resulted in significant clinical ameliorations in hyperactivity/impulsivity, stereotypy, aggression, self injury,
abnormal sexual behaviors, and/or irritability behaviors (Geier and Geier 2007c, Geier et al. 2008a).
CONCLUSIONS
The dramatic increase in the prevalence of diagnosed ASDs in recent years suggests external or environmental factors have increased. Examination of
childhood vaccine schedules reveals a dramatic
increase in Hg exposure beginning for the most part in
the 1990s. In addition to vaccines, other sources, such
as drugs, fish and other foods, dental amalgams, and
air Hg sources (e.g. coal burning power) can add to the
exposure. Mercury is known to accumulate in the
brain, persist, and be lethal to neurons. Several studies
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have shown that children with an ASD diagnosis have
higher levels of Hg burden relative to neurotypical
controls. Moreover, the neurological damage caused
by Hg is consistent with the abnormalities found in the
brains of children diagnosed with an ASD.

Unfortunately, Hg not only directly kills brain cells but
also disrupts the critical mechanisms and pathways
needed to eliminate it. Mercury creates a pathophysiological environment that potentiates its toxicity by:
(1) increasing the presence of androgens; (2) inhibiting

Table I
A summary of clinically available lab testing and clinically available drugs to treat such conditions among biomarkers
associated with ASDs
Autism Biomarker

Clinical Laboratory Testing
[LabCorp Test#]1

Clinical Treatment Options

Porphyrins

Random Fractionated Urinary
Porphyrins [120980]

Detoxification Therapy
(DMSA, DMPS)

Transsulfuration

Homocysteine [706994], Cystathionine
[911032], GSH [853002], Taurine
[910844]

Methylcobalamin (vitamin B12),
Folinic Acid, Pyroxidine (Vitamin
B6)

Oxidative Stress/
Inflammation

Oxidative Stress Panel (Catecholamine,
GSH, Lipid Peroxides, GSH-Px, SOD)
[853047], Neopterin [140335]

ALDACTONE® (Spironolactone)

Hormones

Testicular Function Profile II
(FSH, LH, Testosterone, Free
Testosterone) [035113], DHEA
[004101], DHEA-S [004697],
Androstenedione [004705], Androstane
Diol Glucuronide [140442],
Dihydrotestosterone [500142], Estradiol
[140244], Estrone [004564], Total
Estrogens [004549]

LUPRON® (Leuprolide Acetate),
ANDROCUR® (Cypertyrone
Acetate), ALDACTONE®
(Spironolactone)

Mitochondria

Carnitine [706500], Pyruvic Acid
[004788], Lactic Acid [004770],
Ammonia [007054]

CARNITOR® (L-Carnitine)

Genetic

Blood Chromosomes [052019],
Chromosome Microarray [510002],
DNA Rett Syndrome [511180],
Angelman/Prader Willi Syndrome
Methylation Assay [511210], Fragile X
Syndrome [510065], MTHFR [511238],
APOE [822098]

Genetic Counseling
(Prenatal, Pediatric, Predictive)

(APOE) Apolipoprotein E; (DHEA) Dehydroepiandrosterone; (DHEA-S) Dehydroepiandrosterone-Sulfate; (DMP) 2,3Dimercapto-1-propanesulfonic acid; (DMSA) Meso 2,3-dimercaptosuccinic acid; (FSH) Follicle-stimulating hormone;
(GSH) Glutathione; (GSHPx) Glutathione Peroxidase; (LH) Luteinizing hormone; (MTHFR) Methylenetetrahydrofolate
reductase; (SOD) Superoxide Dismutase
1
Laboratory testing described is available from the Laboratory Corporation of America (LabCorp), and is covered by
most major insurance companies.
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the transsulfuration pathway; and (3) decreasing the
production of glutathione which is essential for the
elimination of Hg (all of these characteristics are interrelated through biochemical pathway interactions). By
addressing the abnormal levels of androgens and using
safe and effective medications, clinicians can significantly improve the androgen and transsulfuration
pathways. As a result, the negative cycle of interaction
between the androgen and transsulfuration pathways
that is found to occur in patients diagnosed with an
ASD can be significantly reversed. Further, such treatment may significantly help to improve the clinical
symptoms of patients diagnosed with an ASD.
Overall, it is apparent that many patients diagnosed
with an ASD have significant medical conditions that
require evaluation and potential treatment. Table 1 summarizes the specific types of biomarkers that a clinical
geneticist may employ to help evaluate and treatment
patients diagnosed with an ASD (Geier and Geier
2008a). It is clear that as additional research is done,
careful attention will be needed by the clinician to
incorporate new testing and treatment options for the
benefit of their patients on the autism spectrum.
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