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Introduction

An autism spectrum disorder (ASD) is a neurological disorder that limits a person’s
ability to function normally. Behavioral abnormalities, social limitations, sensory
processing abnormalities, and impaired ability to communicate are the main issues
in this multifaceted disorder. ASD can range in clinical symptoms from severe to
mild among individuals diagnosed with autistic disorder (autism), pervasive devel-
opmental disorder-not otherwise specified (PDD-NOS), and Asperger’s syndrome
(AS) (Frith 1997; Kern et al. 2006). To date, the disorder is behaviorally defined
with no consensus as to the underlying pathology. Although there is no scientific
consensus on the cause or causes of autism, there is considerable evidence impli-
cating some external causes, such as exposure to toxic metals, particularly mercury
(Hg), live viruses in vaccines, certain drugs during pregnancy, and certain pesti-
cides. Considering that a scientific consensus on the cause or causes of autism may
be years away and, in fact, may never be reached, adopting the “precautionary
principle” and addressing the implicated causes of autism is warranted, particularly
when there is considerable supporting evidence implicating certain factors.

There is a large and growing body of toxicological evidence indicating that Hg is
either causal or contributory in the pathology of autism. For example, in a 2010
review of the research regarding toxic metals and autism, Desoto and Hitlan
(2010) identified 58 research articles that provide empirical evidence relevant
to the question of a link between autism and one or more heavy metals. Of those
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58 articles, 43 supported a significant link between autism and exposure to toxic
metals, while 15 showed no statistically significant evidence of a link between
metals and autism. Thus, as of 2010, 74 % of the studies showed a significant
relationship between ASD and toxic metals. Moreover, eight recent studies have
shown that the greater the toxic metal body burden in a child, the worse the autism
symptoms (Holmes et al. 2003; Nataf et al. 2006; Geier and Geier 2007; Adams
et al. 2009; Geier et al. 2009b; Kern et al. 2010; Elsheshtawy et al. 2011; Lakshmi
Priya and Geetha 2011). Although some of the studies found an association between
autism and various toxic metals, such as cadmium (Cd), lead (Pb), and arsenic (As),
the vast majority of the studies implicated Hg.

It is commonly found that Hg levels are higher in children with autism than
they are in typically developing children (controls). Most of these studies
involved a direct measure of Hg levels in hair, blood, teeth, nails, and/or urine,
traditional ways of measuring heavy-metal exposure in children. Even though
results from these more traditional laboratory tests have been able to show
differences in toxic metal levels in children with ASD as compared to controls,
they provide only a snapshot of current exposure. As a result, these laboratory
tests do not necessarily provide a measure of tissue body burden. For example, Hg
may remain in the blood for 12 months following exposure (Begerow et al. 1994);
however, Hg has been shown to remain in the tissues, such as the liver and brain,
for much longer, even decades (Falnoga et al. 2000). Figure 1 shows the principal
target organs and other target areas where mercury compounds tend to
accumulate.

Measuring toxic metal body burden is particularly important in ASD because
evidence indicates that children diagnosed with an ASD have a greater susceptibil-
ity to heavy-metal intoxication than typically developing children (Holmes et al.
2003; Kern and Jones 2006; Rose et al. 2008; Nataf et al. 2008; James et al. 2009;
Geier et al. 2009a; Majewska et al. 2010; Youn et al. 2010; Kern et al. 2011).
Expressions such as “poor detoxifiers” and “poor excretors” have been used in
reference to those diagnosed with an ASD (Holmes et al. 2003). Two of the main
areas of susceptibility involve glutathione (GSH) and sulfate (SO,). For example,
children with ASD have been found in several studies to have low plasma GSH and
sulfate levels (Waring and Klovrza 2000; Kern et al. 2004; James et al. 2004, 2006,
2009; Geier and Geier 2006a; Pasca et al. 2009; Geier et al. 2009a, c; Adams et al.
2011), both of which are critically important for detoxification (Gutman 2002; Kern
et al. 2004). In contrast, oxidized glutathione (GSSG) levels are significantly
increased in the plasma of children with ASD, suggesting that the GSH redox
system is taxed. (Reduced GSH is a major tissue antioxidant. The formation of
a disulfide bond between two GSH molecules gives rise to GSSG. Under conditions
of oxidative stress, GSSG accumulates and the ratio of reduced GSH to GSSG
will decrease. Therefore, the reduced GSH to GSSG ratio can be used as an
indicator of oxidative stress in cells and tissues).

Moreover, a recent study by Chauhan et al. (2012) compared DNA oxidation and
GSH redox status in postmortem brain samples from the cerebellum and frontal,
temporal, parietal, and occipital cortex in autistic subjects and age-matched normal
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Fig. 1 Principal target areas
of mercury are the kidneys
and the brain. Other target
areas include the retina,
thyroid, heart, lungs, and liver

subjects. The authors reported that levels of reduced GSH were significantly
reduced and that the levels of GSSG were significantly increased in the cerebellum
and temporal cortex in the brain samples from the group with autism, as compared
to the corresponding levels in the control brain samples. In other words, brain GSH
levels in those diagnosed with an ASD also appear to be inadequate.

In the face of toxic exposure, a consequence of an inadequate detoxification
capacity in those diagnosed with an ASD would be greater toxic metal body burden,
making the more traditional measures that provide a snapshot of current exposure
not necessarily the optimal test. A more recent approach is to use urinary porphyrins
because urinary porphyrins can provide a measure of toxic metal body burden. This
is the case because, although urinary porphyrins are not a direct measure of toxic
metals in the urine, some of them are a measure of tissue body burden by the level
of disruption of the heme synthesis pathway (Fig. 2; Nataf et al. 2006) caused by the
presence of toxic metals in the tissues. Studies have shown that urinary porphyrins
(heme precursors formed in the heme synthesis pathway) can afford a measure of
xenobiotic exposure and of tissue body burden, particularly with respect to Hg
(Woods 1996; Pingree et al. 2001a, b). The process is summarized in Fig. 2 and in
the following narrative:

Heme (e.g., hemoglobin) is necessary for the function of aerobic cells. Heme
production primarily occurs in the liver, kidneys, and erythroid cells; however, the
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heme synthesis pathway is active in almost every cell of the body (Wang et al.
2011). The presence of toxic metals inhibits the enzymes necessary for the heme
synthesis pathway to progress forward. This inhibition or interference results in
a “backlog” and an increase in the urinary export of certain porphyrins. The level of
increase in these “backlogged” metabolites measured in the urine is indicative of
the level of disruption of this pathway and the extent of toxic metal tissue burden.
Porphyrinogens then appear in urine as porphyrin derivatives (Fig. 2, right side).

Porphyrin excretion patterns have been shown to be metal specific in both
animals and humans after prolonged exposure to Hg, Pb, As, and other metals.
Table 1 shows examples of porphyrin patterns from aluminum (Al), As, Pb, and Hg
(Woods 1996; Pingree et al. 2001a, b). For example, specific patterns of urinary
porphyrins that suggest the presence of Hg and the extent of the body burden have
been demonstrated to be associated with elevations in urinary coproporphyrin (cP)
and pentacarboxyporphyrin (5¢cxP) and by the expression of an atypical porphyrin —
precoproporphyrin (prcP) (also known as keto-isocoproporphyrin) not found in the
urine of unexposed controls (Woods et al. 1993; Gonzalez-Ramirez et al. 1995).
Hg can cause this increase in urinary 5cxP, prcP, and cP by inhibiting the enzymes
uroporphyrinogen decarboxylase (UROD) and/or coproporphyrinogen oxidase
(CPOX) (Nataf et al. 2006). Woods (1996) noted that these distinct changes in
urinary porphyrin concentrations were observed as early as 1-2 weeks after initi-
ation of Hg exposure and that they increased in a dose — and time-related fashion
with the concentration of Hg in the kidney, a principal target organ of Hg
compounds.
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Table 1 Urinary porphyrin patterns for aluminum, arsenic, lead, and mercury

Toxic metal ~ Test result patterns References

Aluminum Elevated uroporphyrin Nasiadek et al. 2001

Arsenic Elevated uroporphyrin and 7-carboxyporphyrin Garcia-Vargas et al. 1994
Elevated uroporphyrin III and coproporphyrin III Ng et al. 2005

Lead Elevated coproporphyrin III and coproporphyrin I Baker 1997

Mercury Elevated 5-carboxyporphyrin and coproporphyrin Baker 1997

Elevated precoproporphyrin and coproporphyrin Il Woods et al. 1991

For Hg in particular, research shows that there is a high degree of statistical correlation
between renal Hg burden and porphyrin excretion (Fowler 2001). This correlation is
shown consistently in the animal model, and the heme pathway is highly conserved
across species (Gonzalez-Ramirez et al. 1995). For example, methyl-Hg-induced
porphyrinuria in rats (Woods and Fowler 1977) is very similar to the porphyrin pattern
of humans exposed to Hg vapor (Gonzalez-Ramirez et al. 1995).

Importantly, several studies not only show this characteristic pattern of por-
phyria with Hg toxicity but also show that the porphyrin profile can be normalized
with chelation (Woods et al. 1991, 1993; Echeverria et al. 1995; Woods 1996;
Pingree et al. 2001a; Nataf et al. 2006). In addition, Pingree et al. (2001a) found
a high correlation between pre-chelation urinary porphyrins and pre-chelation Hg
concentrations and also between pre-chelation urinary porphyrins and
post-chelation urinary Hg levels in rats.

Urinary porphyrin profiles also correlate significantly with specific
neurobehavioral deficits associated with low-level Hg exposure. Echeverria et al.
(2005), for example, examined the behavioral effects of low-level exposure to Hg
vapor among dentists. These investigators observed that urinary porphyrins were as
sensitive as urinary Hg levels for observing adverse effects of Hg on cognitive and
motor testing. Porphyrin researchers (Woods et al. 1993; Gonzalez-Ramirez et al.
1995; Cianciola et al. 1997; Woods and Fowler 1977; Pingree et al. 2001a, b;
Heyer et al. 2006) conclude that urinary porphyrin profiles are a useful
biomarker for Hg exposure and its potential adverse health effects in human
subjects. Importantly, Woods et al. (2009) published a study supporting the
sensitivity of urinary porphyrins as a biological indicator of subclinical Hg expo-
sure in children. Finally, Geier et al. (2011) analyzed data from a randomized,
prospective clinical trial that was designed to evaluate the potential health conse-
quences of prolonged exposure to Hg from dental amalgam fillings and established
the sensitivity and specificity of specific urinary porphyrins as a biomarker for
low-level Hg body burden.

Although measuring urinary porphyrins is not a direct measure of mercury in the
brain, studies show that the brain and kidneys are target organs for mercury
following Hg exposure (Pingree et al. 2001a). For example, Pingree et al. (2001b)
gave rats methyl-Hg hydroxide (MMH) in drinking water for 9 weeks and deter-
mined both inorganic (Hg**) and organic (CH3Hg") mercury species levels in urine
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and tissues by cold vapor atomic fluorescence spectroscopy (CVAFES). After the
treatment, Hg** and CH3Hg* concentrations were 0.28 and 4.80 pg/g in the brain
and 51.5 and 42.2 pg/g in the kidney, respectively.

Urinary Porphyrins and Autism

Recent evidence suggests that the levels of Hg-associated porphyrins are different
in children diagnosed with an ASD as compared to controls. Studies revealed that
children with an ASD diagnosis had significantly increased levels of urinary 5cxP,
prcP, and cP as compared to controls (Geier and Geier 2006b, 2007; Nataf et al.
2006; Austin and Shandley 2008; Youn et al. 2010; Kern et al. 2011). Studies that
have examined urinary profiles in autism are summarized in Table 2 and explained
in more detail in the following narrative:

In 2006, Geier and Geier (2006b) reported elevated cP levels in children with ASD
(n = 37) as compared to their siblings (n = 7). Then, in 2007, Geier and Geier (2007)
found that patients diagnosed with an ASD (n = 71) had significant elevations in
urinary levels of cP, 5cxP, and prcP relative to controls (n = 14) and >50 % of
patients diagnosed with an ASD had urinary cP levels more than two standard
deviations above the mean values for controls. Significant reductions in urinary
S5cxP and cP levels were observed in ASD patients following chelation, and
a significant relationship between the severity of the child’s ASD diagnosis and the
elevation of Hg-associated urinary porphyrins (i.e., the higher the Hg-associated
porphyrins, the more severe the diagnosis). These two studies were conducted in
the USA.

Similarly, Nataf et al. (2006) examined French children diagnosed with autism
(n = 106) and found that these children had elevated prcP and cP as compared to
controls (n = 12). In addition, >50 % of patients diagnosed with autism had
urinary prcP levels more than two standard deviations above the mean values for
controls. They also found a significant relationship between the severity of the
child’s ASD diagnosis and Hg-associated urinary porphyrins. Austin and
Shandley (2008) found similar results in children with ASD (n = 41) in Australia,
using control data from lab reference ranges and other studies. These previously
mentioned studies used Laboratoire Philippe Auguste and/or Laboratory Corpo-
ration of America (LabCorp) (CLIA-approved lab based in the US). Later,
a urinary porphyrin study conducted in Korea, using Metametrix (CLIA-approved
lab based in the USA), found significant increases of uP, 5¢cxP, prcP, cP, and total
porphyrins in children diagnosed with an ASD (n = 65) as compared to controls
(n =9) (Youn et al. 2010).

Thus, these studies from four different continents have shown that children with
ASDs have higher levels of Hg-associated porphyrins (5cxP, prcP, and cP) than
typically developing children (Nataf et al. 2006, 2008; Geier and Geier 2006b,
2007; Austin and Shandley 2008; Youn et al. 2010). In addition, prcP and cP levels
were lowered in the children with autism who had been chelated.
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Table 2 Summary of the results from urinary porphyrin studies in children with ASD

Study

Geier and
Geier 2006b

Nataf et al.
2006

Geier and
Geier 2007

Nataf et al.
2008

Austin and
Shandley
2008
Youn et al.
2010

Geier et al.
2009a

Geier et al.
2009b

Kern et al.
2010

Participants

ASD (n = 37)
>7 years of age

Autistic disorder
(AD) (n = 106) AS
(n = 12) controls
(n=119)

ASD (n =171)
chelated (n = 26)
and non-chelated
(n=137)
neurotypical sibling
controls (n = 9)
other controls
(n=5)

Autism (n = 100)
PDD-NOS (n = 11)
controls (n = 12)
ASD (n =41)
control data from lab
reference ranges
ASD (n = 65)
controls (n = 9)

ASD (n = 28)
ASD (n = 26)
24 children,

2-13 years of age,
diagnosed with
autism or PDD-NOS

Results

Non-chelated autism (2.25-fold, 83 % had levels >2 SD
above the control mean) and non-chelated ASDs
(twofold, 58 % had levels >2 SD above the control
mean), but not patients with non-chelated PDD-NOS or
AS (1.4-fold, 46 % had levels >2 SD above the control
mean), had significantly increased median cP levels vs.
controls. An increase (1.7-fold) in median cP levels was
observed in non-chelated ASD versus chelated ASD

cP levels were elevated in AD vs. controls.

Porphyrin levels were unchanged in AS, distinguishing
it from autistic disorder; prcP was elevated in AD

(p < 0.001) but not AS. A subgroup with AD was
treated with oral dimercaptosuccinic acid (DMSA) and
showed significant (p = 0.002) drop in urinary porphyrin
excretion

ASD patients had significant elevations in urinary levels
of cP, 5cxP, and prcP relative to controls, and >50 % of
ASD patients had urinary cP levels more than 2 standard
deviations above the mean values for neurotypical
sibling controls. Significant reductions in urinary ScxP
and cP levels were in ASD patients following chelation

Urinary cP levels were significantly higher in autism and
PDD group vs. reference groups, and there was
difference in creatinine levels between the groups

cP levels were higher in ASD vs. reference ranges

ASD had higher proporphyrins, 5cxP, prcP, and cP, and
total porphyrins and correlations observed between
hepatic detoxification/oxidative stress markers and
urinary porphyrins

Mercury-associated porphyrins were correlated with
increasing CARS scores and GSSG levels; other urinary
porphyrins did not show these relationships
Participants with severe ASD had significantly increased
cP I, cP I1I, and total cP levels in comparison to mild
ASD. A significant correlation was observed between
increasing cP levels and CARS scores

Overall ATEC scores and each of the ATEC subscales
(speech/language, sociability, sensory/cognitive
awareness, and health/physical/behavior) were linearly
related to mercury-associated porphyrins

(continued)
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JK. Kern et al.

Study Participants Results

Kern et al. ASD (n = 20) ASD had increased levels of 5cxP, prcP, and cP versus

2011 children (2-13 years  controls. No significant differences were found in non-
of age) were Hg-associated urinary porphyrins (uroporphyrins,
compared to hexacarboxyporphyrin, and heptacarboxyporphyrin) and
matched (age, increased odds ratio for ASD relative to controls in prcP
gender, race, (odds ratio = 15.5, p < 0.01) and cP (odds ratio = 15.5,
location, and year p < 0.01) levels in the second through fourth quartiles in
tested) group of comparison to the first quartile
controls (n = 20)

Woods et al. 278 children Elevated cP (p < 0.009), 6¢xP (p < 0.01), and 5¢xP (p <

2010 2-12 years of age: 0.001) levels were associated with autism but not PDD-
autism, PDD-NOS, NOS
and controls

Heyer et al. 76 male children ASD (autism and PDD-NOS) had higher mean urinary

2012 autism = 30; PDD- 5cxP (p < 0.006) and cP (p < 0.006) concentrations

NOS = 14;
controls = 32

versus same-aged controls

These aforementioned initial studies were criticized because the controls were
not age and gender matched to the children diagnosed with an ASD. However, in
2011, Kern et al. addressed these criticisms in a study that evaluated urinary
porphyrin biomarkers of Hg toxicity in the porphyrin pathway in a cohort of
children diagnosed with an ASD (n = 20) as compared to age-, gender-, race-,
region-of-residency-, and year-of-sample-collection-matched controls (n = 20)
using clinically available lab testing. As with the previous studies, participants
diagnosed with an ASD had significantly increased levels of 5cxP, prcP, and cP in
comparison to controls (Kern et al. 2011). No significant differences were found in
non-Hg-associated urinary porphyrins: uroporphyrins (uP), hexacarboxyporphyrin
(6¢cxP), and heptacarboxyporphyrin (7cxP). There was a significantly increased
odds ratio for an ASD diagnosis, relative to controls, among study participants
with prcP (odds ratio = 15.5, p < 0.01) and cP (odds ratio = 15.5, p < 0.01) levels
in the second through fourth quartiles, compared to the first quartile.

Further, it was observed when excluding a single participant in that study
among the controls with urinary porphyrin values that were significant outliers
from other controls (more than two standard deviations above the mean) and
the corresponding matched participant diagnosed with an ASD, there were signif-
icant increases in mean 5cxP (1.3-fold, p < 0.05, ASD = 5.14 + 1.34 nmol/g
creatinine, control = 4.11 £ 1.4 nmol/g creatinine), prcP (1.3-fold, p < 0.01,
ASD = 21.2 £+ 6.96 nmol/g creatinine, control = 16.5 £ 6.86 nmol/g creatinine),
and cP (1.4-fold, p < 0.001, ASD = 255 £ 76 nmol/g creatinine, control = 184 +
76 nmol/g creatinine) levels among participants diagnosed with an ASD in com-
parison to the corresponding values for the controls (Kern et al. 2011).
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Recently, two studies, Woods et al. (2010) and Heyer et al. (2012), specifically
examined urinary ScxP and cP as biological indicators of ASD. Woods et al. (2010)
examined enrolled 278 children 2—12 years of age. They evaluated three groups:
autism, PDD-NOS, and controls. Elevated cP (p < 0.009), 6¢cxP (p < 0.01), and
S5cxP (p < 0.001) concentrations were significantly associated with autism, but not
with PDD-NOS. Then Heyer et al. (2012) specifically examined urinary ScxP and
cP among 76 male children comprised of 30 with autism, 14 with PDD-NOS, and
32 controls. ASD children (autism and PDD-NOS) had higher mean urinary ScxP
(p < 0.006) and cP (p < 0.006) concentrations compared with same-age
neurotypical control children.

Urinary Mercury-Associated Porphyrins and Severity of Autism
Symptoms

As mentioned briefly, two of the earlier studies that examined porphyrins in autism
found that elevations in mercury-associated porphyrin levels correlated with autism
severity. First, Nataf et al. (2006) found a significant relationship between the
severity of the child’s ASD diagnosis (AS < PDD < autism < autism + epilepsy)
and the elevation of Hg-associated urinary porphyrins (i.e., the higher the Hg-
associated porphyrins, the more severe the diagnosis). This finding was later
corroborated by Geier and Geier (2007). Since those two studies were conducted,
two subsequent studies have also shown that Hg-associated porphyrins correlated
with autism severity.

The first of these two additional studies examined the relationship between
autism symptom severity using the Childhood Autism Rating Scale (CARS;
Schopler et al. 1994) and single urinary porphyrin levels among the participants
(n = 22) (Geier et al. 2009b). There were significant correlations between CARS
scores and the Hg-associated porphyrins 5¢cxP/uP ratios (1, = 0.32, p < 0.05) and
prcP/uP ratios (1, = 0.31, p < 0.05). By contrast, no significant correlation was
observed between CARS scores and the non-Hg-associated porphyrins 7cxP/uP
ratios (1, = 0.11, p = 0.47). In addition, there was a significant correlation between
CARS scores and the (5cxP + prcP)/(7cxP + uP) ratio (1, = 0.35, p < 0.05), which
is a specific biomarker of Hg body burden. In other words, the higher the
Hg-associated porphyrins, the more severe the symptoms of autism. There was
also no correlation between autism symptom severity and non-Hg-associated
porphyrins.

The second study looked at the relationship between autism symptom severity
using the Autism Treatment Evaluation Checklist (ATEC; Rimland and Edelson
1999) and single urinary porphyrin levels among the participants (n = 24)
(Kern et al. 2010). Researchers found that the participants’ overall ATEC scores
and their scores on each of the ATEC subscales (Speech/Language, Sociability,
Sensory/Cognitive Awareness, and Health/Physical/Behavior) were linearly related
to urinary porphyrins associated with Hg toxicity.
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External Influence or a Disordered Porphyrin Metabolism?

Woods et al. (2010) and Heyer et al. (2012), who found elevated levels of
5pxP and cP Hg-associated porphyrins in autism, concluded that their findings
“demonstrate that porphyrin measures are strong predictors of both autism and
PDD-NOS, and support the potential clinical utility of urinary porphyrin
measures in ASD.” This conclusion is consistent with previous researchers.
However, they attributed the higher levels of 5pxP and cP found in ASD to
a “disordered porphyrin metabolism.” This conclusion is not consistent with
previous research. Previous researchers have attributed these findings to heavy-
metal body burden which is supported by research in the animal model. In the
animal model, it has been consistently shown that heavy-metal toxicity
(predominately Hg but also lead) can increase these porphyrin parameters and
that detoxification can then reduce the levels back to normal. Importantly,
research shows that in ASD, similar to the animal model, these elevated por-
phyrin levels can also be reduced when these children undergo detoxification.
As mentioned earlier, three studies have shown that detoxification reduces the
level of mercury-associated porphyrins in children with ASD (Nataf et al. 2006;
Geier and Geier 2006b, 2007). The fact that the Hg-associated porphyrins that
are found to be elevated in autism are readily reduced with chelation suggests
that these elevated porphyrin parameters are not intrinsic to the children but
a result of external factors, i.e., exposure.

Another biological parameter that suggests that the elevated Hg-associated por-
phyrins are a result of exposure is the correlation between Hg-associated porphyrin
levels and plasma-oxidized glutathione levels. Geier et al. (2009a) conducted
a prospective, blind study to evaluate urinary porphyrins and glutathione levels
(reduced and oxidized) among a cohort of participants diagnosed with ASDs
(n = 28). A significant correlation was found between urinary porphyrins, those
associated with mercury intoxication, and increasing CARS scores as well as increas-
ing plasma-oxidized GSH. In contrast, the other urinary porphyrins did not show such
correlations. Since mercury induces oxidative stress and since the mercury-associated
porphyrins correlate with the level of oxidative stress in children with ASD, this
finding suggest pro-oxidative exposure, not an intrinsic metabolic imbalance.

Clinical Use

Although not currently widespread, urinary porphyrin testing is currently being
used in some clinical practices as an assessment tool in the targeted treatment of
heavy-metal toxicity in autism. Table 3 describes how urinary porphyrin profile
testing can be used in clinical medicine. Urinary porphyrins can provide a noninva-
sive way to aide in the decision-making process as to determine whether or not
chelation therapy is appropriate. Urinary porphyrins can also be used to monitor
detoxification. Figure 3 shows the relationship between urinary mercury levels and
urinary porphyrin levels during chelation therapy.
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Table 3 Urinary porphyrin use in clinical medicine

Initial evaluation

Evaluate results

Initiate/monitor
treatment

Concluding
treatment

Summary

Collect a first morning urine sample for quantitative, fractionated urinary
porphyrins

Collect a blood sample for heavy-metal testing to include mercury, lead,
cadmium, and arsenic

Collect a clinical history on the subject to examine fetal/infant exposures to
metals. This should include questions about vaccine exposures, dental
amalgams, pica, lead in the home, broken thermometers/fluorescent bulbs,
fish consumption, etc.

Determine if the urinary porphyrin patterns are associated with what type of
heavy metal. If generalized elevated porphyrins are observed, it is important
to consider other environmental/genetic factors contributing to the elevated
urinary porphyrins

Determine if the blood sample reveals ongoing exposure to heavy metals. If
present, work with the subject to eliminate present ongoing exposure to the
heavy metal. Repeat blood heavy metal testing until ongoing exposure is
eliminated. Then recheck urinary porphyrins to see if they remain elevated
after blood heavy metals normalize

If urinary porphyrins are elevated without any known ongoing exposure to
heavy metals as shown by normal blood heavy-metal levels, start
detoxification therapy with an appropriate detoxification agent (i.e., DMSA,
DMPS)

Subjects should receive monthly urinary porphyrin testing to evaluate the
results of detoxification therapy (these should reveal a decreasing pattern
with detoxification therapy, and the subject should continue to receive
detoxification therapy until they are normalized). Subjects should also be
monitored by CBC, comprehensive metabolic testing, and essential minerals
to ensure that there are no adverse effects of detoxification therapy

If urinary porphyrins are normalized with detoxification therapy, the subject
should stop receiving detoxification therapy for a month, and the urinary
porphyrins should be rechecked. If at this time the urinary porphyrins are
normal, no further detoxification therapy is necessary (may want to continue
to check urinary porphyrin levels at periodic intervals of months/years to see
if they are ever elevated in the future)

If urinary porphyrins after a month stopping detoxification therapy are
outside the ranges, again, the subject should resume detoxification therapy
(in general, it should be observed over time that the elevations of urinary
porphyrins observed after starting detoxification therapy should be
progressively less high after each detoxification therapy; if not, it may be
important to consider other environmental/genetic factors contributing to the
elevated urinary porphyrins)

Many studies have shown that children diagnosed with an ASD are poor detoxifiers
and have a higher toxic metal body burden, particularly a higher Hg burden. These
studies also found that the higher the toxic metal burden in children diagnosed with
an ASD, the worse were the severity of their symptoms. Hg-associated porphyrins
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Fig. 3 This figure shows the relationship between urinary mercury levels and urinary porphyrin
levels with chelation therapy

are higher in children with ASD than in control children and are also correlated with
autism symptom severity. Thus, urinary porphyrin profile evaluation can be used
both to estimate toxic metal burden and as a tool to monitor Hg body burden during
the targeted treatment of heavy-metal toxicity in those diagnosed with an ASD.

Key Terms

Urinary porphyrins. Porphyrins help form several substances in the body including
hemoglobin, the protein that carries oxygen in the blood. Porphyrins can be found
in urine, and a urine porphyrin test measures the amount of porphyrins in the urine.
This includes uroporphyrins (uP), pentacarboxyporphyrin (5cxP), hexacarboxy-
porphyrin (6¢xP), heptacarboxyporphyrin (7cxP), precoproporphyrins (prcP)
(also known as keto-isocoproporphyrin), and coproporphyrins (cP).

Mercury-associated  porphyrins. pentacarboxyporphyrin  (5cxP), precopro-
porphyrins (prcP), and coproporphyrins (cP).

Heavy metals. Metallic compounds of certain elements such as arsenic, cadmium,
lead, mercury, and nickel.

Chelation therapy. Treatment designed to bind heavy metals in the body in
a manner that they are excreted in order to reduce heavy-metal body burden
and treat heavy-metal toxicity.
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Body burden. Refers to the total amount of a chemical (e.g., mercury) that is present
in the human body at a given point in time.

Mercury. Silvery-white poisonous metallic element that is a liquid at room
temperature.

Key Facts

e Children diagnosed with an ASD have a greater susceptibility to heavy-metal
intoxication than typically developing children.

» Forty-three studies (as of 2010) support a significant link between autism and
exposure to toxic metals.

» Eight recent studies have shown that the greater the toxic metal body burden in
a child, the worse the autism symptoms.

e Although some of the studies found an association between autism and various
toxic metals, such as cadmium, lead, and arsenic, the vast majority of the studies
implicated mercury.

» It is commonly found that Hg levels are higher in children with autism than they
are in typically developing children (controls).

» Studies reveal that children with ASD have significantly increased levels of
urinary mercury-associated porphyrins (5cxP, prcP, and cP) as compared to the
levels in controls, and these levels decrease with chelation therapy.

* Mercury-associated porphyrin levels correlate with autism symptom severity.

Summary Points

* Many studies have shown that children with ASD are poor detoxifiers and have
a higher toxic metal burden, particularly a higher mercury body burden.

» Studies have also shown that the higher the toxic metal burden in children
diagnosed with an ASD, the worse is the severity of their symptoms.

* Mercury-associated porphyrins are higher in children diagnosed with an ASD
than in control children and also correlate with autism symptom severity.

» Urinary porphyrin profile testing can be used both to estimate toxic metal burden
and as a tool to monitor mercury body burden during the targeted treatment of
heavy-metal toxicity in those diagnosed with an ASD.
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