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Summary
Motor neuron disease is generally considered as untreatable and survival time after diagnosis is on
average 2-5 years. After progressive paralysis patients die from asphyxia. Here we report a case,
where motor neuron disease was healed by a special chelation therapy.
A 49 year old male developed weakness in the left and right shoulder and in the right thigh. In
addition, he had fasciculations in the upper extremities and he reported frequent urination.
Electromyographic investigations showed signs of chronic denervation. The diagnosis of progressive
muscular atrophy affecting only the lower motor neuron was established after thorough
examinations and exclusion of several other neurological diseases.
Therapy involved complete restoration of teeth without metal bonding, chelation therapy with alpha
lipoic acid (ALA), sodium 2,3-dimercaptopropanesulfate (DMPS) and glutathione, supplementation
with micronutrients, vitamins and antioxidants. In addition, the patient was advised to adhere to an
raw vegetarian diet including wild herbs.
After 2 months of chelation therapy increased mercury levels in urine (248.4 µg/g creatinine) were
detected. Symptoms disappeared continuously within the course of 3 years. The patient took up
sports again, gained weight and muscle mass.
This case study indicates that motor neuron disease may be successfully healed by chelation therapy.
The success of the therapy is probably based on the combination of the therapeutics.
Analysis of risk factors for development of motor neuron disease shows that in addition to exposure
to mercury from unprotected removal of amalgam a former severe trauma of the neck may have
attributed to generation of the disease.
DMPS and selenium, both may have toxic effect at dose levels that were almost reached during
therapy when considering daily doses. However, therapy was well tolerated.
In general, in case of chronic diseases, exposure from chemicals should be taken into consideration
as possible causes. This allows promising options for curing diseases that are generally considered as
untreatable.
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1 Introduction
Neurodegenerative diseases represent a growing public health issue (Cannon and Greenamyre 2011).
They are defined as hereditary and sporadic conditions, which are characterized by progressive
nervous system dysfunction and include diseases such as Alzheimer´s Disease, Parkinson´s Disease,
multiple sclerosis (MS) or amyotrophic lateral sclerosis (ALS). Many advances in the last 20 years
have allowed a better understanding of the underlying molecular mechanisms. However, for most
such disorders no treatments exist that can reverse or slow the course of disease.
In the University of Freiburg and later on in the Detox Klinik in Konstanz, J. Mutter has developed a
new therapeutic concept to treat diseases like multiple sclerosis, Morbus Alzheimer or motor neuron
disease. This concept is based on the hypothesis that these diseases may be caused by poisoning,
often through low doses that are ingested long term, of heavy metals, especially mercury or other
environmental toxins (Mutter et al. 2004; 2007; 2010; Mutter 2011).
In this master thesis, a case is described, where ALS- or more generally - motor neuron disease has
been healed by this therapy. As it is planned to publish parts of this master thesis as case report in an
international peer reviewed journal, the master thesis it is written in English.
Before presenting the case, in the following an introduction to motor neuron disease is given.

2 Motor neuron disease
2.1 Definition
Motor neuron disease (MND) is a neurodegenerative disease characterized by selective motor
neuron death. According to the international Classification of Diseases (ICD 10), under motor neuron
disease (G12.2) there are five types of motor neuron disease: familial motor neuron disease,
amyotrophic lateral sclerosis (ALS), primary lateral sclerosis (PLS), progressive bulbar palsy (PBP) and
progressive spinal muscular atrophy (PMA). These diseases are closely related, and most probably
represent different stages of ALS (Kollewe and Petri 2009; Ludolph et al. 2015). In most publications
the term ALS is used synonymously with motor neuron disease and also in this master thesis both
terms will be used synonymously according to the terms used in the publications that are cited.
There are also other diseases of motor neurons (see Table 2). They are generally referred to as
“motor neuron disorders”.

2.2 Symptoms
Depending on the type of disease, patients develop a progressive muscle phenotype characterized by
spasticity, hyperreflexia (PLS), fasciculations, hyporeflexia, muscle atrophy and paralysis (PMA) or a
mixture (ALS)(Dengler 2010). When motor neuron disease is diagnosed, already 30 to 50 % of the
motor neurons are damaged or deleted (Brooks 1996). Paralysis progresses affecting more and more
muscles and the patients finally die from asphyxia. Cognitive functions usually are not affected.

2.3 Epidemiology
The incidence rate for ALS in western populations is 0.7-2.6/100 000 /year (Chancellor and Warlow
1992; Chio et al. 2013; Forsgren et al. 1983), it is more common in men of all ages than in women
and in northern countries it occurs more frequently than in southern countries (Chancellor and
Warlow 1992) , but usually within a population, geographical uniformity was demonstrated
(Chancellor and Warlow 1992). The median age of onset is 61 years (Forsgren et al. 1983). The usual
survival time after diagnosis is 2-5 years (del Aguila et al. 2003; Forsgren et al. 1983), but there are
also cases with much longer survival (Grohme et al. 2001) and 15 % survive for more than 10 years
(Forsgren et al. 1983). The combined median survival rate for all MND cases was 28% after 5 years,
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30 months for PBP, and 70 months for PMA and 32 months for ALS (Forsgren et al. 1983). The
mortality rate from MND has increased during several decades (Chancellor and Warlow 1992).
Familial or inherited ALS accounts for about 5 % of the cases (Byrne et al. 2011).

2.4 Pathology
The pathology of ALS comprises numerous findings associated with the nervous system. According to
the review of Ferraiuolo et al. (2011) gross pathological changes include findings in the central and
peripheral nerve system leading finally to atrophy of the somatic and bulbar muscles, such as
•
•
•

Atrophy of the precentral gyrus
Shrinkage, sclerosis and pallor of the corticospinal tracts
Thinning of the spinal ventral roots and hypoglossal nerves

At the microscopic level, the following findings are reported:
•
•
•
•
•
•
•
•

Variable depletion of giant pyramidal neurons (Betz cells) in the motor cortex
Variable astrocytic gliosis in the grey matter of the motor cortex and underlying subcortical
white matter
Diffuse astrocytic gliosis of spinal grey matter
Depletion of ≥50% of the spinal cord motor neurons
Atrophic and basophilic changes in surviving motor neurons
Presence in surviving lower motor neurons of ubiquitinated inclusion bodies with thread-like,
skein-like or compact morphology
Evidence of microglial activation in pathologically affected areas
Cytoplasmic aggregate inclusions within glial cells

The complex network of molecular events in ALS is presented in Figure 1 and Figure 2, taken from the
review of Ferraiuolo et al. (2011). Several cell types are affected by ALS: Microglia, astrocytes and
motor neurons. Microglia and astrocyte release various inflammatory mediators and cytokines that
affect the motor neurons. In the motor neurons the electron transport chain of the mitochondria is
damaged, calcium homeostasis is dysregulated both leading to release of reactive oxygen species,
reduced production of ATP, lipid peroxidation and finally apoptosis. In addition, axonal transport is
impaired.

2.5 Diagnosis
As mentioned under 2.1 the ICD classification motor neuron diseases covers ALS as well as closely
related diseases. They are distinguished by the type of motor neuron affected (Table 1). In ALS both,
the upper and lower motor neuron are damaged, while in the other diseases either the upper or the
lower motor neurons are damaged.
Table 1: Types of motor neuron disease according to ICD10 (G12.2) (Ludolph et al. 2015)
Type
Upper motor neuron
Lower motor neuron
degeneration
degeneration
Amyotrophic lateral sclerosis
Yes
Yes
(ALS)
Primary lateral sclerosis (PLS)
Yes
No
Progressive muscular atrophy
No
Yes
(PMA)
Progressive bulbar palsy (PBP) No
Yes, bulbar region
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Figure 1: Molecular mechanisms of motor neuron injury in ALS (Ferraiuolo et al. 2011)
Abbreviations: ALS, amyotrophic lateral sclerosis; EAAT2, excitatory amino acid transporter 2; ER,
endoplasmic reticulum; IL, interleukin; MCP-1, monocyte chemoattractant protein 1; NGF, nerve
growth factor; NO, nitric oxide; PGE2, prostaglandin E2; ROS, reactive oxygen species.

Figure 2: Mitochondrial dysfunction in ALS (Ferraiuolo et al. 2011)
ALS, amyotrophic lateral sclerosis; AMPA, α‑amino‑3-hydroxy‑5-methyl‑4-isoxazole propionic acid;
EAAT2, excitatory amino acid transporter 2; MPTP, mitochondrial permeability transition pore;
mSOD1, mutated superoxide dismutase 1; ROS, reactive oxygen species
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Upper motor neuron signs are preserved or exaggerated tendon reflexes in the presence of muscle
atrophy and weakness (Dengler 2010; Ludolph et al. 2015). The muscle tone may be increased
corresponding to spasticity more in the lower than the upper extremities. In about 30 % of the cases,
a Babinski sign may be observed. Signs of bulbar involvement are increased masseter reflexes,
pathological laughing, crying and yawning. Signs of the lower motor neuron are fasciculations,
weakness, and muscle atrophy. Patients report a feeling of clumsiness.
Major attempts have been made to develop criteria to diagnose ALS reliably (de Carvalho et al. 2011;
Dengler 2010; Deutsche Gesellschaft für Neurologie 2012) and recently two new consensus
documents were published (Agosta et al. 2015; Ludolph et al. 2015). According to Ludolph et al.
(2015), the criteria are:
•
•

progressive upper and lower motor neuron deficits in at least one limb or region of the
human body; i.e. meeting the revised El Escorial criteria for possible ALS or
lower motor neuron deficits as defined by clinical examination (one region) and/or by EMG in
two body regions (defined as bulbar, cervical, thoracic, lumbosacral). The EMG findings
consist of neurogenic potentials and fibrillation potentials and/or sharp waves.

Electrodiagnostic tests play an important role in diagnosing motor neuron disease (Dengler 2010).
Needle electromyography test (EMG) of muscles show signs of denervation and reinnervation of
muscles. These may be detected also in clinically not affected muscles at an early stage of the disease
thus allowing an early diagnosis. Signs of active denervation consist of fibrillation potentials and
positive sharp waves. In addition, fasciculation potentials may appear. Signs of chronic denervation
consist of large motor unit potentials of increased duration with an increased proportion of polyphasic potentials often of increased amplitude. They have a reduced interference pattern with firing
rates higher than 10 Hz unless there is a significant upper motor nerve component, in which case the
firing rate may be lower than 10 Hz.
Nerve conduction tests and Motor Evoked Potentials (MEP) are useful for the differential diagnosis.
With ALS, no, or only minor changes are observed. Sensory nerve conduction is usually normal,
although slight sensory deficits do not preclude ALS (Dengler 2010). In the investigations of Cornblath
et al. (1992) nerve conduction velocity rarely fell to less than 80% of the lower limit of normal,
F waves rarely exceeded 1.25 times the upper limit of normal. Conduction blocks that are typical for
multifocal motor neuropathy are not found (de Carvalho and Swash 2000).
Investigations of Motor Evoked Potentials (MEP) are used to rule out multiple sclerosis or
myopathies. MEP are recorded in distant muscles after transcranial magnet stimulation (TMS) of the
motor cortex and are usually unaffected in ALS patients.
A comparison of differential diagnoses, which are quite similar to ALS, is shown in Table 2. They are
important, as the diseases like multifocal motor neuropathy as mentioned in the table may be
treated more successfully or may show only a slow progression (e.g. PPS).
Kennedy disease also presents with spinal and bulbar muscular atrophy (Fu et al. 2008). It is caused
by a CAG expansion in the androgen receptor gene and can be easily distinguished from the other
neurodegenerative diseases by the additional appearance of gynaecomastia, which is the first clinical
sign or atrophy of the testes. In addition, perioral fasciculation are considered as typical (Paparounas
et al. 2003; Paparounas 2004; Sperfeld et al. 2002).
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Table 2: Important differential diagnoses of ALS (Agosta et al. 2015; Baioni and Ambiel 2010; Baumann and Sturzenegger 2006; Masuhr et al. 2013)
Diagnosis

Amyotrophic lateral
sclerosis

Multifocal motor
neuropathy

Abbreviation
Aetiology

ALS
Genetic defect in SOD (10
%) or spontaneous

MMN
Autoimmune, nerve
fibres affected

Treatment

Riluzole
live expectancy increased
by 3 months
Usually fast progression
Start: asymmetric, later
symmetric
Upper=lower
Distal>proximal
Yes

Intravenous IG,
Significant
improvement
Slow progression
Asymmetric, focal,
multifocal
Upper>lower
Distal>proximal
No

No or minor changes

Prognosis
Lower motor neuron
findings
Extremities affected
Upper motor neuron
affected
Sensible nerves
affected
Bulbar/cranial nerves
affected
Motor nerve
conduction
Sensible nerve
conduction
Electromyography
Anti-GM antibodies
Protein in liquor
Additional findings

Multifocal acquired demyelinating
sensory and motor neuropathy
(Lewis-Sumner-syndrome)
MADSAM
Autoimmune

Spinal muscle atrophy (adult
Type = Type IV)

Post-poliomyelitissyndrome
PPS
In 50-60 % of polio
survivors after decades

Immune suppression

SMA
Genetic defect of SMN1
gene, necessary for survival
of motor neurons
Symptomatic

Asymmetric

Slow progression
Segmental, symmetric

Slow progression
Asymmetric, multifocal

Upper>lower
Distal>proximal
No

Variable
Variable
No

Upper=lower
Proximal=distal
No

No

Yes

No

No

Yes

Seldom

Seldom

No

Seldom

Normal

Conduction block

Block or velocity ↓

Normal

Normal

Normal

Normal

Velocity ↓

Normal

Normal

Fasciculations, giant
potentials, denervation
<15 % ↑
Normal or (↑)

Denervation

Partial denervation

Denervation

In 30-70% ↑
Normal

No
Ev. high

No
Normal

(Fasciculations), giant
potentials
No
Normal or (↑)

Symptomatic

2.6 Treatment
The only drug, approved for treating ALS up to now is Riluzole (Deutsche Gesellschaft für Neurologie
2012). It prolongs survival by several months, but it does not reverse the disease. Other drugs or
therapies were not convincing or successful in clinical trials (Fang et al. 2013; Limpert et al. 2013;
Maragakis and Rothstein 2011; Poppe et al. 2014). As a consequence, besides Riluzole generally only
symptomatic treatments are applied to improve the quality of life of ALS patients (Jenkins et al.
2014). Several new drugs and therapies are tested now or are under development (Limpert et al.
2013; Maragakis and Rothstein 2011; Mazzini et al. 2015; Poppe et al. 2014). There are often poor
results in clinical trials despite promising results in preclinical studies (Ferraiuolo et al. 2011; Poppe et
al. 2014). As the latter are mainly performed with mice carrying mutant SOD1, this experimental
model may not be sufficient in view of the multitude of possible pathways that may lead to ALS
(Bicchi et al. 2015).
Besides “classical therapies” with approved drugs or clinical trials with drugs under development,
there are also alternative and off-lable ALS therapies. Sporadic case reports show an improvement of
ALS by alternative therapies e.g. by applying pamitoylethanolamide as anti-inflammatory agent
(Clemente 2012) or by acupuncture (Bedlack et al. 2015; Liang et al. 2011) or detoxification which
was not further specified (Zhou et al. 2014). In order to prevent ALS patients from therapies that are
not useful or to promote new ideas of treatment a group of scientists (The ALSuntangled-Group)
reviews new approaches. 32 publications are now available and summarized (ALSUntangled-Group
2015b). No convincing evidence was found in most analyses. In many cases, the data basis was not
sufficient to come to a reliable conclusion. Some promising approaches were identified, where more
research is needed (e.g. sodium chlorite i.v. (ALSUntangled-Group 2013), or protandim
(ALSUntangled-Group 2015a).
A different approach for treating ALS is based on the view that ALS may be caused by mercury
intoxication (Bernhoft 2012; Carocci et al. 2014; Johnson and Atchison 2009; Praline et al. 2007). In
the general population amalgam in teeth is a major source for human exposure (Geier et al. 2012;
Richardson 2013). According to this hypothesis, ALS may be healed by replacing amalgam with other
fillings and by removing residual mercury within the body by chelation. In the following, I describe a
case with motor neuron disease who was successfully treated by J. Mutter in the Detox Klinik in
Konstanz by curation of the teeth, treatment with chelating agents and various micronutrients.

3 Case study
3.1 Selection of the patient
The patient was selected by Dr. Mutter. The criterion for selection was diagnosis of ALS and a
positive result of the treatment. At time of start of this work in October 2014, the final examinations
were not available. The patient consented to anonymous publication of his data. Recently he also
noted his experiences during diagnosis and treatment of the disease, which is publicly available from
the homepage of the Tagesklinik Konstanz (Anonymus 2015).

3.2 Clinical symptoms
In October 2012, patient X, 49 years, male, observed weakness in the right arm when restarting
practising martial arts after pausing for two years. In December 2012, there was also weakness in the
left and right shoulder and in the right thigh. In addition, since December, he noticed fasciculations in
the upper extremities and he reported frequent urination.
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3.3 Examinations (December 2012)
Following several examinations, a cervical spinal canal stenosis with several prolapsed discs was
diagnosed and surgery was intended for January 2013. Before this surgery, he also went to a
neurologist, who advised him to have detailed investigations in a hospital before surgery.

3.4 Results of examinations (Hospital, January 2013)
Therefore, in January 2013 he was admitted to the neurology department of a hospital for detailed
investigations. The outcome of these investigations is presented in the following.

3.4.1 Visual inspection
Upon visual inspection, the left upper arm was somewhat thinner than the right arm. In both arms
and in both lower legs fasciculations were observed. In the arms, the intensity decreased from
proximal to distal and from left to right.

3.4.2 Neurologic examination
In the pronator drift test the left arm pronated. There was a slight paresis in this arm as well.
Generally, the proprioceptive reflexes were weak. The biceps reflex, the brachioradialis reflex and
the ankle jerk reflex of the left side only reacted after strong stimulation. The other reflexes were
normal. Pyramidal signs were negative. Superficial sensibility was unaffected.

3.4.3 Magnet resonance imaging (MRI)
While the MRI of the brain showed no abnormalities, the spinal MRI showed degenerative changes,
i.e. cervical spondylosis with multisegmental spinal stenosis.

3.4.4 Electromyography (EMG) and other electrophysiologic examinations
In EMG signs of chronic denervation were found in the m. masseter, m. tibialis anterior, and the
m. abductor digiti minimi (both left side), in the caput lateralis of the m. gastrocnemius, the
m. biceps brachii (right side). Both, chronic and active denervations were found in the m. vastus
medialis, and in the m. deltoideus of the right side. Fasciculations were only detected in the right
m. deltoideus.
The motor nerve conduction velocity of the n. ulnaris was unchanged while the sensible conduction
velocity was decreased on both sides, but to a higher degree at the left side. Motor evoked potentials
(MEP) of arms and legs were normal. No F-waves were found in investigations of the n. medianus
and ulnaris. Electroneurographic examinations of the n. axillaris showed a reduction of the amplitude
that was more pronounced on the left side compared to the right side.

3.4.5 Liquor
Total protein was increased in spinal liquor (81.8 mg/dl) resulting from an increase in albumin
(54.8 mg/dl). The albumin quotient was 11.2 (normal value: 6.5-8 x 10-3) indicating a moderate
dysfunction of the blood brain barrier. Cell counts, glucose and lactate were within normal limits.
Intrathecal antibodies were not detected.

3.4.6 Blood and urine analysis
Standard laboratory tests were without relevant findings. There were no antibodies to gangliosides in
serum. Creatine kinase was unchanged.

3.4.7 Final Diagnosis
According to the report from the hospital, the cervical spinal stenosis was confirmed by MRI. The
electrophysiological findings, absence of pain as well as affection also of the lower extremities do not
indicate that the findings were due to a myelopathy. In conclusion, a motor neuron disease affecting
14

the 2nd motor neuron was diagnosed in the hospital based on the symptoms, reflex testing and EMGfindings.

3.5 Results of Examinations (Detox Klinik)
One month after the diagnosis in the hospital, i.e. in February 2013 the patient presented in the
Detox Klinik. There, exposure and disease history was recorded and blood and urine was taken for
further examinations.

3.5.1 Exposure history
According to the hypothesis that exposure to mercury may have caused the disease, a questionnaire
was applied to investigate the exposure history of the patient and to identify possible sources of
mercury exposure (see 5.1.2).
The patient had had 16 amalgam fillings in all molars. They were substituted by gold or ceramics in
1999 without protection. In February 2013 6 teeth were missing including all 3rd molars. 3 teeth with
root canal fillings (number 24 - 26) showed apical osteitis, for the two missing teeth number 16 and
46, cavitational osteonecrosis was observed.
The patient has been wearing contact lenses for 20 years, he had a black tattoo since 2004. In
addition he had received the following vaccinations within 15 years before onset of the disease:
•
•
•
•
•

2003 Tetanus, polio, diphtheria
2004: Hepatitis A
2005: tick-borne encephalitis (TBE)
2008: TBE
2013: Tetanus, polio, diphtheria and TBE

Furthermore, in an early phase of his professional career as a mechanic, he was exposed to metal
dust and metal drilling fluids.
Exposure to metals was analysed in pubic hear (see 3.7.1) and in the urine (see 5.1.10.3).

3.5.2 Disease history
The disease history was explored in the questionnaire as well. In 2004 he mentioned a hit in the neck
as well as encephalitis and myelitis in the questionnaire. In the telephone conversation in January
2016 the patient explained the following: he was hit in the neck during combatant sports, 2 days
later he developed paralysis of the bladder. He went to a hospital, where the bladder was drained
with a urinary catheter. After a second catheter in the evening he got worse, developed nausea, loss
of vision, fever, somnolence as well as paraesthesia and paralysis of the whole body starting at
thorax level. The patient couldn´t walk any more, although some movements with the legs were
possible. Later he had feelings of heat in the back of his legs, and he had to urinate frequently. The
MRI showed several cervical prolapsed discs. He therefore received a cervical collar. Examination of
spinal fluid showed no relevant finding, Borreliosis as cause was ruled out. The diagnosis was
encephalitis/myelitis and he was treated with antibiotics. Within 6 weeks, gradually the paralyses
diminished and the patient recovered. Overall, it took about 3-4 years until he regained complete
health.

3.5.3 Investigations of blood and urine
The health status of the patient was also assessed by intensive laboratory assessments during
February 2013.
The following parameters in blood were within normal limits:
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•
•
•
•
•
•
•
•

Vitamin B6 (39.3 µg/l, reference 23.7-63 µg/l),
Vitamin B12 (371 pg/ml, reference 211-911 pg/ml),
C-reactive protein (CRP, 0.18mg/dl, reference < 0.5 mg/dl)
Thyroid stimulating hormone (TSH, 0.76 mU/l, reference 0.3-3.5 mU/l),
Homocysteine (9.2 µmol/l, reference < 10),
Coenzyme Q10 (0.8 mg/l, Reference > 0.67 mg/l),
Liver enzymes,
Cholesterin and triglycerides.

Ferritin (203.5 mg/l, reference 22-322 mg/l) was not increased according to the reference value
provided by the investigating laboratory. However, other laboratories give 150 mg/l as upper value
and from the experience in the Detox Klinik 50 to 100 mg/l is desirable, as increased iron may cause
oxidative stress. Alpha-lipoic acid (0.21 µg/l, reference >1.3 µg/l) was decreased. It was an ingredient
in the i.v. infusions of the chelation therapy (see 3.6).
Creatinine in urine was decreased (0.28 g/l, reference 0.8-2.0). Cystatine C (0.81 mg/l, reference
0.56-0.95 mg/l), however, was within normal limits indicating normal glomerular filtration.
From the parameters tested for investigating the presence of nitrosative stress (nitro acetic acid,
citrulline, and methyl malonic acid in urine, nitro tyrosine in blood), only (methyl malonic acid was
slightly increased (1,86 mg/g creatinine, reference < 1.6 mg/g creatinine).
Borrelia-specific IgG and IgM (18.02.1013) were negative; a lymphocyte transformation test for
borreliosis (25.7.2013) was also negative.
Values for other parameters that were followed during therapy are provided in sections 3.7.1 to
3.7.4.

3.6 Therapy
The patient received a therapy that aimed at removal of mercury and other heavy metals from the
body. In addition, vitamins and micronutrients were prescribed to support recovery.
In March 2013, the patient underwent a complete sanitation of his teeth. It was found that all
amalgam had been removed successfully in 1999. No amalgam was detected underneath the old
crowns. However, there was inflammation in 5 teeth. To cure this, teeth no 25, 26 and 27 were
removed, rest ostitis in no 16 and 46 was treated. In addition, several teeth received new denture
(no composites). Linings were performed with cement.
After being positive in a test on reactivity to titanium, 8.5.2013 the titanium screws in his knees were
removed that were left after an operation about 20 years ago.
A large black tattoo (6 x 20 cm) was excised at 24.9.2013. According to an analysis of metals by
needle biopsy the following metals were detected: aluminium: 850 µg/kg, arsenic 10 µg/kg, lead 60
µg/kg, zinc 4000 µg/kg.
The patient also saw a psychotherapist to be better able to manage with his disease and his personal
situation. The therapy is still going on with intervals between appointments increasing.
Furthermore, the patient moved into another apartment, to avoid possible strain from the airport
nearby, and he avoided electromagnetic fields by not using a mobile phone, WLAN, wireless
telephone. He installed switches to cut off live current at the socket in the sleeping room and an
electromagnetic shielding to protect is bed.
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After an initial phase of two weeks, where the patient took only vitamins and micronutrients (see
below), the therapeutic scheme was as follows: once per week the patient received an i.v. infusion of
alpha lipoic acid (ALA, 600-1200 mg), followed by sodium2,3-dimercaptopropanesulfate (DMPS, 250
mg), together with potassium (6mmmol), magnesium (12mmol), calcium (200 mg) and glutathione
(GSH, 1800 mg). Finally, after the DMPS infusion sodium selenite (10 to 20 ml, 50 µg Se/ml) was
injected separately i.v. or s.c. In addition to the i.v. infusion, DMPS (250mg) was applied s.c. once per
week. The treatment frequency was gradually reduced during therapy resulting in 45 s.c. and 30 i.v.
applications from 26.3.2013 – 3.6.2015. From 3.6.2015 to 2.2.2016 DMPS was applied orally 11 times
(1 vial with 250 mg DMPS, mixed with three organic egg yolks for producing highly absorbable
liposomal DMPS). Thus, overall the patient received 86 DMPS applications.
For additional detoxification phlebotomies were performed 3 times (each with 400 ml blood) to
reduce ferritin levels.
In addition he received orally the following therapy (daily):
Vitamins:
Vitamin A (10.000 IU), Vitamin B1 (Thiamin: 30 mg), Vitamin B2 (Riboflavin-5-Phosphat: 20mg),
Vitamin B3 (Niacinamid: 640 mg), Vitamin B5 (Ca-Panthothenate: 380 mg), Vitamin B6 (Pyridoxal-5phosphate: 20 mg), Vitamin B7 (Biotin: 5mg), Vitamin B9 (Methyltetrahydrofolate, glucosamine salt:
1000 mg), Vitamin B12 (Adenosylcobalamin: 225 µg, Methylcobalamin 1mg), Vitamin C (700mg),
Vitamin D (10.000 IU), Vitamin K2 (MK7: 300 µg), Vitamin E (all 8 Isoforms: 400 IU).
Micronutrients:
Calcium (Calcium Citrate: 300 mg), Chromium (Chromium chelidamate arginate: 180µg), Iodine
(Potassiume Iodide: 200 µg), Magnesium (Magnesium citrate: 560 mg), Manganese (Manganese
picolinate: 4mg ), Molybdenum (Molybdenum picolinate: 200 µg), Selenium (Selenomethionine: 180
µg; Sodium Selenite 300 µg), Zinc (Zinc citrate and, Zinc picolinate: 15 mg), Boron (Boronpiccolinate:
2mg), Vanadium (Vanadiumpicolinat: 70 µg).
Other supplements and therapeutics:
Krill oil (1g), gingko extract (800 mg), melatonin (10 mg), L-tyrosin (200 mg), ubiquinole (200 mg),
lithium (100 mg), alpha lipoic acid (600 mg), acetyl-l-carnitine (2 g), acetylcysteine (1000 mg),
Astaxanthin (24 mg), NADH 12 mg, Taurine (1,5 g).
Finally, the patient was advised to keep a vegetarian diet with mostly uncooked food that was
organically grown (60-70 % of the daily intake) including also wild herbs and to avoid gluten.
The patient´s compliance with this extensive therapy has been excellent. Up to now, he follows the
instructions being motivated by the continuous improvements of his health (see below).

3.7 Follow-up and outcomes
3.7.1 Blood counts
Blood counts were determined in the hospital in January 2013 , before and 3 times during chelation
therapy (7.2.2013, 16.7.2013, 9.8.2013, 23.7.2014). The report from the hospital (24.1.2013) notes
no deviations (parameters investigated and results not available) and also at the first measurement
from 7.2.2013 values were within normal limits (Table 3). After 4 months of therapy, the
measurement in July 2013 showed values for erythrocytes, haemoglobin and haematocrit that were
below the reference values from the investigating laboratory . MCV, MCH and MCHC were, however,
within the normal range. In the course of the treatment, all values increased and reached levels in
the lower range of the reference values.
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Table 3: Blood counts
Date
Unit
7.2.2013
Laboratory
D
Leucocytes
/nl
6.0
Erythrocytes
/pl
4.75
Haemoglobin g/dl
14.6
Haematocrit
V%
44.2
MCV
fl
93
MCH
pg
30.7
MCHC
g/dl Ery
33.0
Basophilic
%
Granulocytes
Eosinophilic G. %
Segmented
%
neutrophilic G.
Lymphocytes %
Monocytes
%
Thrombocytes /nl
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16.7.2013 9.8.2013 23.7.2014
D
D
E
4.5
3.8
5.6
4.12
4.49
4.71
12.7
13.5
14.4
38
41.9
43.7
93
93
93
31
30.1
30.7
33
32.3
33

Reference
D
3.8-11
4.5-6.2
14-18
42-52
80-96
27-34
32-36

1

0-4

3

0-4

44

50-70

42
11
194

25-40
2-12
140-360

197

Reference
E
3.6-10
4.5-5.9
13.5-17.5
40-53
80-96
28-33
33-36

3.7.2 Fatty acid profile
In addition, in February 2013 the fatty acid profile in the blood was determined (Table 4). The omega
3 index was significantly/slightly below the reference value. Thereofore Krill oil was prescribed to
increase the levels of omega-3 fatty acids in the body (see 3.6). In Juli 2014 the index had increased,
but was still below the reference value.
Table 4: Fatty acid profile in blood
Fatty acid
Unit
7.2.2013 23.7.2014 Reference
Eicosapentaenoic acid % saturated FA 0.58
1.65
Docosahexaenoic acid % saturated FA 3.86
3.73
Omega-3-Index
% saturated FA 4.44
5.38
>8

3.7.3 Micronutrients in blood
Levels of copper, zinc and selenium were determined in blood (Table 5). Copper and zinc were in the
normal range. The levels of selenium were increased, which reflects the therapeutic use of selenium
Table 5: Micronutrients and vitamins in blood
Metal
Unit
13.2.2013 9.8.2013
0.7
Copper
mg/l
6.68
Zinc
mg/l
Selenium
µg/l
139
347
Iron
mg/l
536
Natrium
mg/l
1576
Kalium
mg/l
1810
Calcium
mg/l
48.4
Magnesium
mg/l
39.2
25 (OH) vitamin D nmol/l
28
18

23.7.2014
0.82
6.49
271

103

Reference
0.69-0.94
5.1-7
92-149.8
457-557
1665-1890
1584-1962
49.0-57-0
31.0-38.0
100-150

Table 6: Hair mineral analyses (values in ppm)
Metal
Patient
Reference values
Laboratory
A
B
A
B
Date
15.02.2013 31.7.2013
Aluminium
5.29
2
<8
<12
Antimony
0.01
0.01
<0,3
<0,2
Arsenic
0.06
0.03
<0,2
<0,2
Barium
0.3
0.89
<4,64
0,3-3
Beryllium
<0,01
<0,002
<0,1
<0,1
Bismuth
<0,01
<0,04
<0,2
<0,5
Borium
0.61
2.51
<0,84
0,14-3,5
Cadmium
0.01
0.01
<0,2
<0,12
Calcium
605.87
940
220-1600
400-2500
Chromium
<0,04
0.06
0,02-0,21
0,04-0,3
Cobalt
<0,01
0.02
0,01-0,3
<0,3
Copper
56.76
12.6
10-41
10-27
Germanium
<0,00
<0,08
<1,65
<0,4
Gold
<0,02
<0,3
Iodine
0.17
0,05-5
Iron
4.38
9.36
4,60-17,7
6-14
Lead
0.88
0.56
<0,3
<3,3
Lithium
<0,00
2.38
<0,3
<0,2
Magnesium
43.73
53
20-130
25-130
Manganese
<0,05
0.21
0,05-0,9
0,07-0,4
Mercury
0.29
0.33
<0,6
<1
Molybdenum
0.03
0.04
0,03-1,1
<0,2
Nickel
0.19
0.1
<1
<0,8
Palladium
<0.05
<0.01
<0.1
<0.1
Phosphate
206
115-180
Platinum
n.n.
<0.01
<0.01
<0.1
Potassium
126.5
1-50
Selenium
0.57
0.97
0.4-1.7
0.45-1.6
Silicium
54.8
20-100
Silver
0.04
0.01
<1
<1.2
Sodium
261.27
2-100
Strontium
2.02
1.42
0.65-6.9
0.7-7
Thallium
<0.00
<0.01
<0.01
<0.1
Titanium
0.09
0.4
<1.5
<8
Tungsten
0
<0.01
Uranium
0.03
0.02
<0.1
<0.2
Vanadium
0.57
<0.01
0.01-0.2
<0.1
Zink
173.33
152
150-272
145-220
Zinn
0.11
0.11
<0.7
<1.2
Zirconium
<0.05
0.01
<0.5
<0.5
In grey. Levels outside the reference values
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for binding excess mercury. In August 2013, the value was 347 µg/l, in July 2014, it was slightly
lower271 µg/ml, which is about double the reference value provided from the investigating
laboratory with 92 - 149.8 µ/l.

3.7.4 Metals in hair
Metals were analyzed in pubic hair before start of chelation therapy at 15.2.2013 and 18 months
later.
The analysis from 15.2.2013 (Table 6) provided a mercury concentration of 0.29 µg/g hair. This level
is within normal limits, which are according to the investigating laboratory below 0.60 µg/g hair.
Levels for copper (56.76 µg/g, reference 10 -41 µg/g) were slightly above, levels of iron (4.38 µg/g,
reference 4.6-17.7 µg/g) slightly below the range of reference values.
After 6 months, values for mercury were about the same, while the value for titanium had increased,
but was still below the reference value. Levels for all other heavy metals were decreased. An increase
beyond the range of reference values was observed for lithium, sodium and potassium. For lithium,
this is consistent with the therapeutic intake of lithium.
Table 7: Metals in urine (µg/g creatinine) after treatment with DMPS
Date
15.04.2013
06.05.2013
25.06.2013
Reference values
Investigating Bayer,
laboratory
2008
DMPS i.v.
1x
5
7
1x
1x
DMPS s.c.
Aluminium
37.8
17.9
15.4
20
80
Arsenic
30.6
48.5
35.4
38
60
Bismuth
<0.2
<0.2
<0.2
1.6
Cadmium
<0.2
<0.2
<0.2
5
1.5
Cobalt
0.4
0.9
4.1
1
Copper
1024
1127
951
1700
250-2000
Gold
<0.2
<0.2
<0.2
0.6
30
Indium
<0.2
<0.2
<0.2
0.2
Lead
11.8
7.3
5.7
150
75
Mercury
4.3
3.9
248.4
50
50
Molybdenum 72.4
94.2
47.6
94
Nickel

6.7

16.1

Palladium
<0.05
<0.05
Platinum
<0.2
<0.2
Silver
<0.2
<0.2
Thallium
0.8
2.4
Tin
1.4
0.9
Zinc
3130.6
6581.8
Zirconium
<0.2
<0.2
LOD: limit of detection
n.d.: below LOD, LOD = 0.2 µg/l,
n.d.*: below LOD, LOD=0,05 µg/l

10.8

2.2

5

<0.05
<0.2
<0.2
1.4
<0.2
4837.8
<0.2

<0.05
1
0.9
0.7
<0.2
2000
2

2
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15
2000-9000

3.7.5 Metals in urine
Metals in urine were determined at start of the chelation therapy and after 1 and 2 months. The
patient was asked to urinate before i.v. Infusion of DMPS. About 45 minutes after finishing the
infusion, spot urine was collected. The individual values as well reference concentrations are shown
in Table 7. The reference values in the table are for single DMPS treatment, they are, therefore
comparable only with the first measurement at start of chelation therapy. Cadmium, gold, indium,
palladium, platinum, silver, bismuth and zirconium were not detectable in either measurement.
Aluminium, lead, cobalt, copper, and molybdenum were detectable but below the reference values
provided by the investigating laboratory for challenge with DMPS as well as below the reference
value provided by (Bayer 2008).
For mercury, the first two measurements (4.3 and 3.9 µg/g creatinine) were below the reference
value of 50 µg/g creatinine, provided for DMPS challenge. Finally, after the 7th DMPS infusion one
month later in the third measurement, there was a strong increase to 248.4 µg/g creatinine.
Nickel and Thallium (all measurements) were above reference values, indicating exposure of the
patient to metals. Zink concentrations in urine were above the reference value from the investigating
laboratory, but still below the values provided by (Bayer 2008). Zinc is a micronutrient that is
captured by chelation therapy (Sallsten et al. 1994; Torres-Alanis et al. 2000). The high values in urine
indicate that it was supplemented successfully and he did not suffer from zinc deficiency.

3.7.6 (Neurological) symptoms
After treatment of his teeth the patient felt immediate relief. Muscular strength was increased,
which he recognized by improvements when climbing stairs.
At each visit in the Detox Klinik the neurological findings were recorded according to the patient´s
subjective rating in a numerical scale ranging from 0 to 10 with increasing severity, 10 as maximum.
Figure 3 shows the course of the most prominent findings during 3 years of treatment. With the
exception of the left shoulder muscle, weakness diminished within four months after start of
treatment. Muscle weakness and fasciculations in the left shoulder remained unchanged for one
year, but then finally decreased. Although major improvements were achieved within the first 1.5
year, still further improvements could be recorded after3 years. General health improved, the
patient took up jogging and went to a gym regularly. He gained muscle mass and body weight.

3.7.7 Neurological examination
In December 2014, after successful therapy in the Detox Klinik the patient underwent a further
neurological examination with the resident neurologist, who had seen him also in December 2012.
The examinations from the neurologist were limited to electromyographic examinations of M. triceps
brachii (right side) and M. deltoideus (left side), where he noted a dense activity pattern, few
fasciculation potentials, but no pathologic spontaneous activity (such activity wold be expected with
ALS). This led him to the conclusion that these are not typical signs of ALS i.e., that the former
diagnosis of ALS was wrong, because of the paradigm that ALS cannot improve. According to his
opinion, the patient had had either neurologic deficiencies originating from the cervical spinal cord or
a neuralgic myatrophy of the shoulder. In his report, he also mentions that the patient originally had
suffered from pain in the right upper extremity, which is wrong.
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Figure 3: Time course of improvement of symptoms during treatment (scores 0-10, 10 = maximum)

4 Evaluation of success of therapy
In this section, it will be evaluated, whether the patient´s case represents really a successful therapy.
For this purpose, the initial diagnosis as well as the diagnosis from December 2014 are critically
explored. ALS is generally considered as incurable, while other diseases may have a much better
prognosis (Table 2). Furthermore, it is analysed, whether other factors than the therapy may have
caused the improvements.

4.1 Verification of initial diagnosis
Comprehensive investigations in the hospital concluded a probable motor neuron disease affecting
only the lower motor neuron. The following findings support this diagnosis.
•
•
•

clinical findings (weakness and fasciculations) in two body regions (shoulder and lower legs),
EMG findings of denervation and reinnervation in two body regions (m. vastus medialis, m.
deltoideus right side) as well as
bulbar signs in EMG (chronic denervation of m. masseter).

Due to the lack of findings concerning the upper motor neuron the exact diagnosis of this patient is a
progressive muscle atrophy (PMA) (Deutsche Gesellschaft für Dengler 2010; Neurologie 2012).
According to recent publications PMA is seen as a subform of ALS, as there is clear evidence in the
literature that this syndrome is associated with upper motor neuron disease post mortem in the
majority of patients (Agosta et al. 2015). In addition, several patients with a PMA phenotype have
been found to carry known pathogenic ALS mutations.
Besides basing the diagnosis on findings typical for ALs, also several differential diagnoses can be
excluded as summarized in Table 8.
.
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Table 8: Differential diagnoses of ALS and corresponding findings in the patient
Disease

Finding in patient that exclude
corresponding differential diagnosis
No signs of myelopathy in MRI, several
body regions affected, no sensory deficits,
no changes in MEP
No conduction blocks in EMG, anti-GM1
antibodies
Motor nerve conduction normal

Cervical spondylotic myelopathy
Multifocal motor neuropathy (MMN)
Multifocal acquired demyelinating sensory and
motor neuropathy (Lewis-Sumner-syndrome)
Spinal muscle atrophy (SMA)
-adult Type = Type IV or other myopathies
Post-poliomyelitis-syndrome
Neuralgic shoulder amyotrophiy

Creatine phosphokinase not increased
No disease history of polio
Absence of pain, EMG findings, no sudden
onset, CRP not increased
No gynaecomastia, no perioral
fasciculations
Clinical findings not typical for MS. Absence
of oligoclonal bands in spinal fluid, normal
MEP, no sensory defects
Laboratory investigations for Borreliosis
negative, no intrathecal antibodies
Glucose, thyroid stimulating hormone
(TSH), T3, T4 within normal limits

Kennedy syndrome
Multiple sclerosis (MS)
Infections (Borreliosis, Lues, AIDs)
Metabolic disorders (Diabetes mellitus,
hyperthyreosis)

A finding that is not typical for ALS is a slightly increased quotient of albumin in spinal fluid/serum of
11.2 x 10-3. 6.5 – 8 x 10-3 is considered as normal at the age of the patient. For ALS patients maximum
values of 10 x 10-3 are provided (Laborlexikon 2016). As this is the only parameter changed in spinal
fluid, besides ALS few diagnoses may account for this finding. One is cervical spinal stenosis. As the
patient had cervical spinal stenosis, this may have caused the increases in albumin in spinal fluid
(Brettschneider et al. 2005).
In addition, a reduced sensory nerve conduction velocity is not typical for ALS. According to Kollewe
and Petri (2009) it is, however, not contradicting the diagnosis.
In conclusion, when evaluating all these findings, it is highly plausible that the patient suffered from
ALS.

4.2 Confirmation of success of treatment
The patient went to the neurologist in December 2014 to have an objective proof of his subjective
feeling of improvement. Because the findings were reversible, the neurologist did not accept the
diagnosis of motor neuron disease from the hospital, and presented two alternative diagnoses:
alteration of the cervical spine or neuralgic shoulder amyotrophy.
His first hypothesis is questionable, because this diagnosis was ruled out in the hospital after
extensive examinations. The second alternative diagnosis of neuralgic shoulder amyotrophy does not
fit either. For this disorder an acute onset of an unusually severe and relentless pain in the neck,
shoulder and / or arm regions is very characteristic and occurs in 96% of all patients (van Alfen 2007).
Our patient, however, did not report any pain.
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For our case study, it would have been desirable that the hospital that first had diagnosed ALS, would
have performed the final examination of the patient too. This option was proposed to the patient.
However, for personal reasons (the physician told him that he had to die in 1-2 years, and the patient
fell into deep depression and considered suicide) the patient refused to going to the hospital again,
but went instead to the resident neurologist, who had first sent him to the hospital. The resident
neurologist registered a considerable improvement, which we can taken as independent
confirmation that the therapy was successful.

4.3 Exclusion of other reasons than therapy
Finally, when evaluating the success of the therapy, it is important to rule out other factors that may
have caused improvements.
The patient had PMA, and for PMA longer survival times have been reported than for ALS. This may
be due to the fact that PMA often represents an early stage in motor neuron disease, before full ALS
develops (Agosta et al. 2015). In addition, it cannot be excluded that it generally takes a less
progressive development than full ALS. Therefore, one may argue that the disease may have come to
a halt just by chance in a case where the disease had just started. In fact 15 % of all ALS patients
survive for more than 10 years (Forsgren et al. 1983) and cases of ALS with a slow progression
(Grohme et al. 2001) are reported. Overall, in my view, this interpretation is not very plausible,
because of the rapid progression of his disease symptoms before the onset of treatment, and
because not only slowing of progression but nearly complete reversal of symptoms has occurred,
which was followed thoroughly in the Detox Klinik (Figure 3) and in a neurological examination.
Finally, there is the possibility that ALS heals spontaneously. In fact, there are a few reports that
show that ALS may be reversible (Tsai et al. 1993; Tucker et al. 1991). A recent analysis of ALS
progression in 3,132 patients from the Pooled Resource Open-Access ALS Clincal Trials database
showed that fewer than 1 % of patients with ALS ever experienced reversals lasting 12 months
(Bedlack et al. 2016). Thus, such an event is highly unlikely.
Another argument that in fact the therapy was successful is the personal experience of the patient:
he experienced successive improvements, which he attributed to the treatment. The most
pronounced step was the restoration of the teeth. Afterwards he noticed that climbing of stairs had
improved.
Furthermore, patient X is just one of several patients, who have been treated successfully in the
Detox Klinik. His case, however, is especially encouraging, because the disease was not only stopped,
but completely reversed.

5 Risk factors for ALS and their relevance for the patient´s disease
Numerous studies are available that try to identify risk factors for ALS which are described in several
reviews. First of all, several gene defects have been identified as risk factor, most importantly in the
SOD1 gene (Bicchi et al. 2015; Ingre et al. 2015). In addition several environmental factors are
discussed such as:
•
•

Mercury (Callaghan et al. 2011; Johnson and Atchison 2009; Trojsi et al. 2013; Vinceti et al.
2012b)
Lead (Callaghan et al. 2011; D'Amico et al. 2013; Ingre et al. 2015; Johnson and Atchison
2009; Sutedja et al. 2009; Trojsi et al. 2013)
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•

•
•
•
•

Other metals such as, aluminium, cadmium, copper, cobalt, manganese, vanadium, zinc
(Ingre et al. 2015; Johnson and Atchison 2009; Sutedja et al. 2009; Trojsi et al. 2013; Vinceti
et al. 2012a)
Selenium (Callaghan et al. 2011; Ingre et al. 2015; Trojsi et al. 2013; Vinceti et al. 2012b),
Pesticides (D'Amico et al. 2013; Ingre et al. 2015; Johnson and Atchison 2009; Malek et al.
2014; Trojsi et al. 2013; Vinceti et al. 2012b)
ß-methyl amino-L-alanine from cyanobacteria (Ingre et al. 2015; Trojsi et al. 2013),
Electromagnetic fields (Ingre et al. 2015; Trojsi et al. 2013; Zhou et al. 2012),

In addition, the following risk factors are discussed:
•
•
•
•
•
•

Cigarette smoking (Armon 2009; D'Amico et al. 2013; Ingre et al. 2015; Weisskopf et al.
2010),
Diet, e.g. vitamin E deficiency (D'Amico et al. 2013; Ingre et al. 2015)
Military deployment (D'Amico et al. 2013)
Professional sports, strenuous exercise, physical exertion (D'Amico et al. 2013; Hamidou et
al. 2014; Harwood et al. 2009; Ingre et al. 2015),
Head trauma (Armon and Miller 2011; Armon and Nelson 2012; D'Amico et al. 2013; Ingre et
al. 2015; Kurland et al. 1992),
(Retro)virus infections (Ingre et al. 2015; Trojsi et al. 2013)

For some of these risk factors the evidence is more convincing than for others. A detailed analysis of
the epidemiological studies identifying these risk factors and weighing the evidence is, however,
beyond the scope of this master thesis. As pointed out by several authors (D'Amico et al. 2013; Ingre
et al. 2015), also combinations of these risk factors should be considered.
In the following, I will assess, whether some of these risk factors are relevant for the patient´s
exposure/disease history.

5.1 Mercury
The initial hypothesis by J. Mutter was that mercury might have been the major risk factor for
developing the disease. This is supported by the fact that mercury appeared in the urine of the
patient during chelation therapy, but only with a delay. Therefore, I will provide some background
information, why mercury was in the focus of the therapy. The chemistry of mercury is shortly
introduced, possible exposure is assessed and information on the neurotoxicity of mercury is
provided. I limit this description mainly to aspects that are relevant for evaluating the neurotoxic
effects of mercury from dental amalgam. For selection of critical studies the reports of ATSDR (1999),
EFSA (2012); Health-Canada (2006) SCENIHR (2008); (2015) were useful.

5.1.1 Mercury species
When talking about mercury three different species are distinguished: elemental or metallic mercury
(Hg0), inorganic mercury (Hg22+, Hg2+) and organic mercury (Hg2+). Table 9 provides an overview of the
different mercury species. In this report, the focus is on elemental mercury, which contributes about
50 % of the ingredients of dental amalgam. As described in 5.1.3, the different species may be
interconverted.

5.1.2 Sources of mercury exposure
There are several sources of exposure to mercury for the general population.
In persons with dental amalgam fillings, amalgam is the most important source. According to
estimations of EFSA (2012), in case of individuals with a large number of amalgam fillings, amalgam
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Table 9: Mercury species and compounds
Chemical
Name of
formula
ion/species

Example

Elemental
mercury

Hg0

Inorganic
mercury

Hg2+

Mercurous

HgCl2, HgS

Hg22+

Mercuric

Hg2Cl2

CH3Hg+

Methylmercury

CH3HgCl

Methylmercury

CH3Hg-Acetate

Organic
mercury

C2H5Hg+

Ethylmercury

(CH3)2Hg

Dimethylmercury

C6H5Hg+

Phenylmercury

C9H9HgNaO2S

Thiomersal

Structural formula
if relevant

C6H5Hg-Acetate

(Sodium 2ethylmercurothiobenzoate)

fillings may account for 87 % (17 μg out of 19 µg) of the absorbed total mercury. In individuals with
only a few amalgam fillings, this source may still account for about 50 % (3 μg out of 5.6 μg) of the
absorbed total mercury. This estimation is based on an estimated daily absorption of total mercury
from diet, water and air of 2.6 μg, and the estimated daily absorption of elemental mercury from
dental amalgam of 3 – 17 μg. This high exposure becomes understandable, if one considers that a
typical amalgam-filled tooth (from 1 to 5 filled surfaces) contains approximately 1 g of amalgam and,
therefore, 500 mg of Hg (Reinhardt et al. 1983a). 0.2 to 0.4 μg Hg/day per amalgam-filled tooth
surface or 0.5 to 1 μg/day per amalgam filled tooth is released (Richardson et al. 2011; Richardson
2013) and results in an increase of mercury in urine of 0.1 μg Hg/L or 0.06 to 0.08 μg Hg/g creatinine .
In the USA, according to an extensive exposure survey average exposure ranges from
0.04 µg Hg/kg/day for children and adolescents to 0.07 µg Hg/kg/day for seniors (Richardson et al.
2011).
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Clinical studies in subjects with amalgam fillings, who chewed gum for 10 min, have demonstrated
that quite substantial amounts of Hg vapour are released into the oral cavity from dental amalgam,
being 6fold higher than at prechewing levels. From here, the air reaches the lungs, where absorption
can happen into the blood, or through the nose directly into the central nervous system where
axonal transport may occur. The intra-oral Hg vapour concentration remained elevated during 30 min
of continuous gum chewing; and after cessation of chewing, the mouth Hg vapour concentration
declined slowly to prechewing levels over a period of 90 min. Brushing the teeth with commercial
toothpaste also stimulates the release of Hg vapour from amalgam surfaces (Hahn et al. 1989).
Studies on migration of mercury via the tooth pulp to the jaw are described in section 5.1.3.3. This
route is an important contributor to overall mercury exposure.
When fillings are removed from the teeth, a transient increase of Hg-exposure may be observed. In
one study, where amalgam was removed by water spray cutting and using a vacuum evacuator (no
rubber dam or additional protection (Molin et al. 1990) in the immediate post removal phase plasma
mercury rose three- to four-fold, whereas the urinary and erythrocyte mercury rose about 50%. After
removal, peak values declined to the pre removal level at about 1 month. The use of rubber dam,
water spray, and high-volume evacuation was shown to prevent significant elevation of mercury
levels in the expired air of dental patients following amalgam removal (Nimmo et al. 1990; Reinhardt
et al. 1983a; Reinhardt et al. 1983b). More recent protocols include also external oxygen supply with
a face mask, protection of the eyes and clothes (Colson 2012).
Overall, amalgam removal leads to reduced plasma and urine levels of mercury. In the study of
(Molin et al. 1990), twelve months after the removal the plasma and urinary mercury levels were
significantly reduced to 50% and 25%, respectively, of the initial values for the experimental group
(n = 10). In another study, 12 months after removal of amalgam fillings (4-24) the geometric mean
(n = 17) of the urinary amalgam excretion decreased from 1.44 µg/g to 0.36 µg/g creatinine (Begerow
et al. 1994).
Another important source of exposure to mercury is sea fish (EFSA 2012). The highest contaminated
fish is swordfish with a mean total mercury content of 1212 µg/kg. Other food contains mercury to a
much lower extent. Mercury in fish is 30 to 100 % methylmercury, the rest being inorganic mercury.
In other food higher values for inorganic mercury are found. The median uptake of methylmercury
via food by adults is 0.24 µg/kg bw/week and of inorganic mercury is 0.41 µg/kg bw/week or
assuming an average body weight of 70 kg 2.4 µg/day and 4.1 µg/day, respectively.
In addition, humans may be exposed to mercury via vaccines containing Thiomersal (Table 9:
Mercury species). Thiomersal is used as a preservative in multidose vials of some vaccines. EFSA
(2012) provides a dose estimate for exposure to mercury from Thiomersal in vaccines (Thiomersal
concentrations between 0.001 – 0.01 %). A vaccine containing 0.01 % Thiomersal contains 50 μg
Thiomersal per 0.5 mL dose, which equates to approximately 25 μg mercury per dose. This single
dose exceeds the daily dose that may be absorbed by all other sources per day. According to Weisser
et al. (2004) most vaccines do not contain Thiomersal any more in Germany.
Thiomersal was also used as disinfectant in several cosmetic products, in eye drops and ointments
(<0.002 %) and in cleaning and rinsing solutions for contact lenses (up to 0.007 % as Hg, EU, 2009).
No “official” exposure estimate could be found. If one assumes that 0.01 to 0.1 ml contact lens fluid
is applied daily per eye, and assuming 100 % absorption, this would correspond to a mercury dose of
0.7-7 µg per eye, for 2 eyes this would be 1.4-14 µg of mercury/person/day. Thus, exposure from
Thiomersal as preservative in contact lens fluids may contribute considerably to the overall body
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burden with mercury. However, companies producing contact lens fluids have abandoned the use of
Thiomersal as a preservative due to its sensitizing properties (BAUA, 2011).
Occasional exposure to elemental mercury may also result from breakage of mercury-containing
instruments (e.g. thermometers) and fluorescent light bulbs, off-gassing from flooring materials
containing a mercury catalyst (ATSDR 1999), leading transiently to indoor mercury concentrations in
the high ng to µg range. By assuming a breathing volume of 20 m3/day and 100 % absorption, a
concentration of 1 µg/m3 corresponds to a daily uptake of 20 µg, indicating that this pathway may be
relevant as well.
The global background concentration of airborne mercury is considered to be in the range of 1.5 - 1.7
ng/m3 in the Northern Hemisphere and 1.1 - 1.3 ng/m3 in the Southern Hemisphere (Lindberg et al.,
2007). By assuming a breathing volume of 20 m3/day and 100 % absorption, this corresponds to a
daily uptake of 30-34 ng.
An overview of the different sources and their contribution to the daily exposure is provided in Table
10.
Table 10: Sources of mercury exposure

Source

Mercury species

Amalgam

Metallic

Dose
µg/day
3-17

Food

Inorganic
Organic

2.4
4.1

Thiomersal
-Vaccines
-Contact lens fluids

Organic
25 µg/vaccination
1.4-14

Air
Accidental

0.015-0.017
Metallic
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5.1.3 Toxikokinetics
5.1.3.1 Absorption
As described in 5.1.2, we are exposed to several mercury species that all may contribute to the
overall body burden. Uptake depends on the route of exposure and the mercury species and their
physicochemical properties.
5.1.3.2 Metabolism
The different mercury species are interconverted in the organism: elemental or organic mercury are
oxidized to the divalent inorganic cation in the red blood cells as well as in several organs including
the brain. Absorbed divalent cation can, in turn, be reduced to the metallic or monovalent form and
released as exhaled metallic mercury vapour. In the presence of protein sulfhydryl groups,
mercurous mercury (Hg+) disproportionates to one divalent cation (Hg+2) and one molecule at the
zero oxidation state (Hg0)(ATSDR 1999). Accordingly, all mercury species have common toxic effects,
although with different dose-response.
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Glutathione, cysteine and metallothioneine bind mercury in blood, kidney, liver and bile (ATSDR
1999; HBM 1999).
Selenium plays an important role in the detoxification of mercury. Binding affinity between mercury
and selenium is a million times greater than the affinity between sulphur and mercury (Berry and
Ralston 2008). Chen et al. (2006) investigated 25 miners and 12 local residents exposed to mercury
vapour and found that selenium is increased in serum under conditions with high exposure to
mercury, with a molar ratio of selenium to mercury close to 1. In addition, selenoprotein P (a binding
protein for selenium in plasma) and glutathione peroxidase (also a selenoprotein) were increased in
serum. Thus, according to Chen et al. (2006) selenoproteins may play two important roles in
protecting against Hg toxicity. First, they may bind more Hg through their highly reactive selenol
group, and second, their antioxidative properties help eliminate the reactive oxygen species induced
by Hg in vivo (see 5.1.5).
5.1.3.3 Distribution
Several studies show that mercury is widely distributed within the body after placement of amalgam
fillings.
In the study of Hahn et al. (1990) a monkey received dental treatment with radioactively labelled
amalgam (186 mg/tooth, corresponding to 93 mg mercury per tooth in 16 teeth, overall 1.7 g). No
radioactivity was found within the first 24 hours after dental surgery in the blood, indicating that no
contamination occurred during dental surgery. 28 days later the distribution of mercury was
determined by whole body autoradiography and scintillation measurements of tissues (Hahn et al.
(1990), Table 11). Highest levels of mercury were located in the jaw bone, gingivae, gastrointestinal
tract, and kidney. Minor amounts of mercury also reached the brain, but no mercury was detected in
the spinal cord. From this study and an earlier study with sheep (Hahn et al. 1989) the following
pathways of distribution in the body can be derived: Mercury migrates from the teeth into the tooth
root and into the jaw bones and via the bone marrow into the blood. In addition, the highly
vascularized oral mucosa transports some mercury vapour directly into the systemic circulation.
Furthermore, mercury is swallowed, absorbed into the blood, transported to the liver, and excreted
via the bile and the urine. Levels in the trachea and lung were rather low indicating a relatively low
contribution of inhaled mercury to the overall body dose. This finding is in contrast with the general
perception that exposure to mercury from dental amalgam occurs mainly via mercury vapour. The
importance of the transport via the tooth pulp to the jaw bone has also been shown by Akyuz and
Caglar (2002) in guinea pigs and by Malissa et al. (1978) and Harris et al. (2008) in humans.
Due to the neurotoxicity of mercury, the distribution of mercury into the brain has received much
interest. Hg0 crosses the blood-brain barrier, where it is subsequently oxidized to Hg2+ (inorganic
mercury) by catalase. Hg2+ cannot readily cross the blood-brain barrier and is thereby 'trapped' in the
brain or CNS (Lorscheider et al. 1995; Rooney 2014). Trapped in the brain, inorganic mercury has a
very long half live. In a systematic review by Rooney (2014), the retention time for inorganic mercury
in the brain was investigated and they identified some key studies. Vahter et al. (1995) exposed
macaca fascicularis monkeys orally to methyl mercury. The half-life for methyl mercury was 37 days.
In contrast, the half-life of inorganic mercury ranged from 230 to 540 days. From human case reports
and autopsy studies a half-live of years was estimated. The concentration of Hg in brain tissue
correlated with the number of amalgam fillings (Drasch et al. 1992; Eggleston and Nylander 1987).
Assuming first order kinetics, a steady state concentration is arrived after a time of approximately 5
times the elimination half-life. Taking a conservative estimate of 10 years for the half-live in humans
accumulation of mercury in the brain takes 50 years until the steady state is achieved.
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Table 11. Distribution of mercury in monkeys 28 days after placement of amalgam fillings from Hahn
et al. (1990)
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Figure 4: Putative transport of mercury from the blood to the spinal cord from (Arvidson 1992)
This may explain, why also low doses of mercury e.g. from dental amalgam accumulate and finally
lead to toxic effects.
As degeneration of the anterior horn of the spinal cord is found in ALS, several studies also
specifically investigated the presence of mercury in the spinal cord. Mercury was found in the spinal
motor neurons of 45 % of adult ALS cases and 36 % of adult control cases and with no significant
difference between groups (Pamphlett and Waley 1998). However, no dental records were available.
Therefore, differences between ALS-patients and controls may mainly be due to different numbers of
amalgam fillings in cases and controls and not due to ALS. No mercury was detected in the spinal
cord by Hahn et al. (1989); (1990) in their studies with sheep and monkeys after 28 days. After longer
duration of 1 year, however, in another study mercury deposits were detected in the spinal cord and
medulla oblongata after the placement of amalgam fillings (Danscher et al. 1990). The detection was
limited to the monkey with a 1.2-g amalgam filling, nothing was found in 2 monkeys that received
0.7 g. As detection was by metallography, the detection is less sensitive than in the studies of Hahn
et al. In spinal ganglia, however, mercury was found in neurons and satellite cells of all the animals
with dental fillings. Ultrastructurally, the mercury deposits were primarily located in lysosomes.
In inhalation studies with elemental mercury, mercury could be detected in spinal motor neurons.
Even doses as low as low as 25 µg inhaled for 12 h by mice were detectable 1-30 weeks after
exposure (Pamphlett and Coote 1998). Also Roos and Dencker (2012) found mercury in the spinal
cord when reinvestigating earlier inhalation studies with elemental mercury in monkeys and mice.
Retrograde axonal transport of mercury may provide a possible pathway of uptake of Hg into the
motor neurons and the central nervous system (Figure 4). It was demonstrated after intramuscular
(Arvidson 1992) or intraperitoneal (Pamphlett and Waley 1996) injection of HgCl2 in mice.
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5.1.3.4 Excretion
Mercury is mainly excreted via the faeces (ATSDR 2007; Hahn et al. 1990). Richardson et al. (2011)
concluded after an extensive literature survey that “daily Hg excretion by the urinary route ranges
progressively from 10 % per person of the overall excreted mercury with 1 filled tooth surface, to
40 % for persons with 128 filled surfaces.” The major part is excreted in the faeces.

5.1.4 Exposure monitoring
For evaluating possible exposure to mercury, measurements in urine, blood or hair is possible. Each
medium has its advantages and disadvantages, and it depends on the mercury species to be
monitored (Table 12).
Table 12: Biomonitoring of mercury species
Mercury species

Hg0

Organic Hg+

Anorganic Hg2+

Lipophilic/hydrophilic

Lipophilic

Lipophilic

Hydrophilic

Material for
biomonitoring

Urine, hair

Blood, hair

Urine, hair

5.1.4.1 Urine
Urine is generally seen as good measure for actual exposure from Hg (HBM 1999; Richardson et al.
2011). Usually the urine concentrations are provided in µg/g creatinine. Creatinine is a by-product of
muscle metabolism, produced at a rather constant rate per day and passes the glomerular filter.
Therefore it is used to standardize Hg (or any other parameter) to urine volume.
There are numerous measurements available on mercury concentrations in urine (ATSDR 1999; EFSA
2012; SCENIHR 2015). For Germany, comprehensive data are available from the German
Environmental Survey from 1998 (Becker et al. 2002b; Becker et al. 2003). The median of 4730
persons aged 18 -69 was 0.4 μg/l or 0.3 μg/g creatinine, 10 % were below 0.1 µg/g creatinine. More
recent data on adults are available from (Bayer 2008). He reports median values from 2629
measurements of 0.8 mg/g creatinine.

Figure 5: Excretion of mercury in urine from (Bayer 2008)
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In addition, there are several studies that measured mercury concentrations in urine and related
them to mercury exposure from dental amalgam. Similar slope factors have been obtained for
characterizing the relationship between number of amalgam surfaces in the teeth and excretion of
mercury in different studies (Table 13). The most recent study of (Dutton et al. 2013) gives the lowest
value of 0.04 µg Hg/g creatinine/amalgam surface.
Table 13: Release of mercury from dental amalgam (References before 2011 from Richardson et al.
(2011)
First Author
Year
N
Age
Sex distribution
Slope
Age group studied
(µg/g creatinine/
amalgam surface)
Dutton
2013
2137 adults
50+-12
0.04
Maserejian
2008
267 children
6-10
n.g.
0.082 (0.022)
Dunn
2008
524 children
6-10
46% m, 54 % f,
0.09 (0.01
Levy
2004
34 children
4-8
57 % m, 43 % f
0.08
Dye
2005
1626 adults
16-49
100 % f
0.07 (0.004)
Factor-Litvak
2003
550 adults
30-49
38 % m, 62 % f
0.07
Kingman
1998
1127 adults
40-79
100 % m
0.059
After challenge with DMPS (Figure 6) or other chelators excretion of Hg in the urine increases
manifold within hours after exposure (Aposhian et al. 1992; Drasch et al. 2007; Ruprecht 2008) and
then drops within 24 hours to levels, which are still elevated. The levels excreted correlate with the
number of amalgam surfaces. According to (Bayer 2008), the values increase on average 70fold, .

Figure 6: Excretion of mercury after i.v. application of DMPS (3 mg/kg bw) from (Bayer 2008; Hurlbut
et al. 1994)
Challenge with DMPS, however, is not recommended for exposure monitoring, as measurements in
urine without challenge are sufficiently sensitive to detect and quantify actual Hg exposure (Ruha
2013; Umweltbundesamt 1999). According to Ruha 2013 there are no reliable background values
available for challenge with DMPS. There is, however, a German report with compilation of a high
number of background values available (Bayer 2008), which is useful in the evaluation of the results
of Hg measurements. It shows a wide variation of mercury levels in urine after DMPS challenge
(Figure 7). By far most values are below 50 µg/g creatinine, a relatively high cut off value.
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Figure 7: Influence of DMPS challenge on mercury excretion in the urine, from Bayer (2008)
If DMPS is administered several times, several peaks occur and later peaks may be even higher than
the first peaks. This has been attributed to mobilisation of the heavy metal from various
compartments of the body (see also 6.1.3., Figure 10).
5.1.4.2 Blood
In Europe, the mean total mercury level in whole blood differs considerably between countries and
ranges from 0.2 to 4.85 µg/L in adults (EFSA 2012). The major contribution comes from methyl
mercury from fish. It is accumulated to >90 % in erythrocytes, where it is bound to the cysteinyl
residues of haemoglobin. Mercury in blood generally reflects short-term exposure giving an estimate
of exposure over the most recent two to five months. Individuals in communities with high fish
consumption rates have blood levels of 200 µg/L with daily intake of 200 µg mercury(ATSDR 1999).
The studies of Hahn et al. (Hahn et al. 1989; Hahn et al. 1990) demonstrate that after placement of
amalgam fillings the blood mercury levels remain relatively low even though in the surrounding body
tissue concentrations of mercury become many fold higher than blood. This suggests that tissues
rapidly sequester amalgam mercury at a rate equivalent to its initial appearance in the circulation.
However, due to the large contribution from food, assessment of mercury in blood is generally not
considered relevant for determining long lasting exposure to low concentrations of mercury such as
from amalgam.
5.1.4.3 Hair
Hair mercury levels, determined using segmental hair analysis, can be used to monitor exposure to
mercury and may leave a historical record of exposure or uptake. The concentration of mercury in
hair is proportional to the concentration of mercury in the blood. Correlations can be drawn to
determine blood concentrations of mercury relative to its concentration in the hair (ATSDR 1999)
It is generally recognized that measurements of Hg in hair are suitable only for exposure monitoring
of methyl Hg and inorganic Hg (ATSDR 1999). More recently, it has been shown that it is also a
suitable biomarker for exposure to Hg from amalgam fillings. The hair mercury concentrations in the
subjects with 2 or more amalgam fillings were significantly higher than those in the subjects with no
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amalgam fillings. In addition, the hair mercury concentration was significantly correlated with the
number of amalgam fillings (Ryo et al. 2010).
5.1.4.4 Limitations
As already demonstrated for challenge with DMPS, there seems to be a general problem that
mercury disappears in deep body compartments during chronic exposure. As a consequence, levels
in urine, blood and hair may not adequately reflect concentrations in the brain (Rooney 2014),
symptoms or disease status (Drasch et al. 2001; Drasch et al. 2002). Therefore, exposure to mercury
cannot be ruled out, if mercury levels are in the range of control values.

5.1.5 Mode of action
Mercury binds sulphur and thus blocks the sulfhydryl active sites within enzymes, receptors,
signalling molecules, and membrane transport channels. These mechanisms disrupt key cellular
processes in ways that depend on genetic individuality and on micronutrient status. Effects include
altered membrane permeability, increased oxidative stress, peroxidation of lipid membranes,
mitochondrial dysfunction, and altered production of neurotransmitters, cytokines, and hormones
(ATSDR 1999). In addition binding of mercury leads to changes in protein structure. The proteins are
now recognized by the immune system as foreign and may cause auto immune reactions (Schiraldi
and Monestier 2009).

5.1.6 Nervous system toxicity
The neurotoxicity of Hg is well established in numerous studies in humans as well as in
laboratory animals (Bernhoft 2012; EFSA 2012; HBM 1999; Health-Canada 2006; SCENIHR
2008, 2015). According to (ATSDR 1999) a wide variety of cognitive, personality, sensory, and
motor disturbances have been reported. The most prominent symptoms include
•
•
•
•
•
•
•
•
•
•
•

tremors (initially affecting the hands and sometimes spreading to other parts of the body),
muscle fasciculations, myoclonus, or muscle pains
neuromuscular changes (weakness, muscle atrophy, muscle twitching),
polyneuropathy (paresthesia, stocking-glove sensory loss, hyperactive tendon reflexes,
slowed sensory and motor nerve conduction velocities),
headaches,
insomnia,
memory loss,
hearing loss,
visual disturbances (visual field defects),
hallucinations
performance deficits in tests of cognitive function.
emotional lability (characterized by irritability, excessive shyness, confidence loss, and
nervousness),

These effects are caused by all mercury species and occurred following inhalation of metallic mercury
vapour and organic mercury compounds, ingestion or dermal application of inorganic mercurycontaining medicinal products (e.g., teething powders, ointments, and laxatives), and ingestion or
dermal exposure to organic mercury-containing pesticides or ingestion of contaminated seafood.
(ATSDR 1999).
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Table 14: Case studies on ALS or ALS like symptoms after exposure to mercury
Mercury species
Type of exposure
Hg0
exposure to high levels of
mercury vapour during 2
days of an industrial liquid
mercury salvaging
operation
HgO particulates (mainly)
and Hg- Vapour
Workplace
0.5-5 mg/m3, peaks 10
mg/m3.
Protective clothing.
uniform, gloves, shoes, cap
and gas masks with iodine
impregnated activated
charcoal canister

Mercury in urine

Therapy

100 μg/g creatinine at the time
of the examination; after an
additional 2 months (no
treatment administered), levels
dropped to less than 30 μg/g

No therapy

2.2 mg/l
0.53 mg/l
3 months after cessation of
exposure
0.15 mg/l

Supportive and
symptomatic
treatment, not
specified

Hg metal
Mercury in tank for
pressure therapy of
lymphedema

7282 µg/g Creatinine
decrease to 2.9 µg/g Creatinine

DMSA 30 µg/day
for 4 weeks

Hg metal
Amalgam fillings in teeth,
34 tooth surfaces

Removal of
amalgam (no
information about
protection)

N persons exposed (age)
Symptoms
Syndrome resembling amyotrophic lateral sclerosis after a brief but
intense exposure to elemental mercury. The syndrome resolved as his
urinary mercury levels fell

Reference

2 Workers
Persisting, incapacitating muscular pain of the low back and extremities.
Jerky tremors of both upper extremities, marked intention tremor.
Severe burning sensation in feet and lower legs. Muscle cramps in both
legs, involuntary motions of the small toes (flexion-relaxation). Muscle
fasciculations all large muscle groups including tongue, lips, facial
muscles. Metallic taste in mouth, loss of appetite and weight, inability to
sleep, depression, irritability, constipation. Appearance: tired, pale,
fidgety and tremulous. 19 additional workers showed similar but less
pronounced symptoms, no correlation of urine mercury levels and
severity of symptoms
Woman (81)
progressive weakness of right hand. Slight dysphonia and dysarthria
without choking. Muscular atrophy of both hands, scapular girdle, lower
limbs, tongue. Fasciculation in spinal and bulbar territories. Diffuse
denervation at all libs and tongue in myography. Despite DMSA
treatment death from respiratory insufficiency.
Woman (29)
Psychical and physical fatigue with tremor. Fine motor capability of
hands deteriorating. Uncertain gait, speech disturbances, twitching in
small muscles in the face, tongue, neck, arms, shoulders, back and lower
extremities. Diagnosis of ALS in neurological clinic. Removal of amalgam
fillings, vitamin E and selenium.Deterioration of symptoms directly after
removal of amalgam fillings, then fast healing. After 5 months no signs of
ALS confirmed by neurologic clinic

(Barber
1978)
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(Adams et
al. 1983)
cited from
Abstract

(Praline et
al. 2007)

(Redhe and
Pleva 1994)

Hg metal
Accidental injection into
palm from broken
thermometer

Not raised after 3,5 years
after DMSA 41.6 µg/24h
(reference < 10 µg/24h)

Surgical removal,
after 3,5 years
DMSA (dose not
provided)

Hg0 vapour
Inhalation of medicinal
vapour (a folk remedy for
treating psoriasis)

21.8 ng/ml
(reference < 2.5 ng/ml)

Chelation

Hg0 vapour
during 2 days of an
industrial liquid mercury
salvaging operation

100 μg/g creatinine at the time
of the examination; after an
additional 2 months (no
treatment administered), levels
dropped to less than 30 μg/g

No therapy

Nurse, female(34)
After 2 years blood mercury 15 µg/l (reference 5 µg/l), declined soon
afterwards to normal values
After 3,5 years progressive weakness of legs, moderate weakness in
lower limbs, cerebellar ataxia, fasciculations in thighs. Deep tendon
reflexes hyperactive at all limbs. Babinski positive at left side.
Spontaneous activity in muscles of both legs. Gastrocnemius muscle
biopsy. neurogenic muscle atrophy.
No improvement from DMSA therapy, after 4 years bulbar syndrome,
tetraplegia
Man (39)
Widespread fasciculations, fatigue, insomnia, weight loss, and
autonomic dysfunction, including constipation, micturition difficulty, and
impotence, with multiple fibrillation, unstable fasciculation, widened
motor neuron potential, and an incremental response at high-rate
stimulation in repetitive nerve stimulation
Recovered several months after chelation therapy, in good condition at
follow-up.
Man (54)
syndrome resembling amyotrophic lateral sclerosis after a brief but
intense exposure to elemental mercury. The syndrome resolved as his
urinary mercury levels decreased
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(Schwarz et
al. 1996)

(Zhou et al.
2014)

(Adams et
al. 1983)
Abstract

Some of the symptoms reported above, are typical for ALS, i.e. muscle fasciculations, weakness and
atrophy of muscles. Therefore, it was hypothesized that mercury may cause ALS and there are
several studies that investigated this. There are, however, also many other risk factors discussed at
the moment as mentioned above.

5.1.7 Epidemiological studies
Exposure to mercury is discussed as one of the possible risk factors for ALS.
An interesting study, because exposure to dental amalgam was investigated, is a retrospective cohort
study from New Zealand. In this study 20 000 people from the Defence Force were observed
between 1977 and 1997 (Bates et al. 2004). 85.4 % of the persons investigated were young with
16 - 25 years at start of follow-up. Detailed information was available on amalgam fillings. The
authors found an association with multiple sclerosis (hazard ratio 1.24, CI: 0.99, 1.53, P = 0.06.
However, there were insufficient cases for investigation of Alzheimer´s or Parkinson´s diseases. ALS
was not mentioned, obviously because no case of ALS was detected. Due to the young age and the
election of healthy people, and the still insufficient number of persons investigated due to the
rareness of the disease, this negative outcome, however, does not exclude a possible association of
exposure to mercury and ALS.
For investigating rare diseases case-control studies are more suitable. According to several reviews,
evidence from reliable epidemiological studies is, however, negative or inconclusive (Callaghan et al.
2011; Sutedja et al. 2009; Trojsi et al. 2013) .

5.1.8 Case reports of ALS-like symptoms after mercury exposure
Case studies on ALS after exposure to mercury are summarized in Table 14. In some cases, the
conditions improved after chelation therapy. However, in most cases mercury concentrations were
rather high, thus they cannot be directly compared to intoxication from low levels under
environmental conditions.

5.1.9 Guide values
There are numerous guide values available for mercury, but most of them refer to oral intake or
inhalation. As described above, for evaluation of actual exposure to dental amalgam, mercury
concentration in the urine are most suitable. The German Human biomonitoring Commission (HBM
1999) has established a HBM-II value of 20 µg/g creatinine and a HBM-I value of 5 µg/g creatinine.
While the HBM-II-value is regarded as an intervention or action level, the HBM-I-value represents the
concentration below which there is no risk for adverse health effects. These values were derived in a
weight of evidence approach from several studies. The study by Ngim et al. (1992) used for deriving a
Canadian guide value (see below) was not evaluated. No uncertainty factors were applied, which is in
contrast to nowadays practice in the HBM-Commission (HBM 2013).
Evaluations that are more recent indicate that effects from mercury may occur also at lower mercury
concentrations in the urine (Drasch et al. 2002; Lettmeier et al. 2010) and studies with dentists show
that effects from mercury vapour may start already at low concentrations of mercury in air. In the
following, two approaches are described, where guide values were derived for air.
For deriving a Canadian reference concentration, Richardson et al. (2009) identified as most sensitive
and reliable study the study by Ngim et al. (1992). There a neurobehavioral test battery was applied
to 98 dentists and 54 controls. A lowest observed adverse effect concentration (LOAEC) of 14 µg/m3
was established for the tests on trail making, digit span, logical memory delayed recall, visual
reproduction, delayed recall, and bender-gestalt time. For deriving a reference concentration
Richardson et al. (2009) transformed this value to a continuous exposure lowest adverse effect
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concentration (LAEC) of 6 µg/m3. By applying an uncertainty factor of 10 for transferring from a LAEC
to a no adverse effect concentration (NAEC) and another uncertainty factor of 10 to address
uncertainties in inter-individual variability a reference exposure level of 0.06 µg/m3 was obtained.
Richardson et al. (2009) states that a daily dose exceeding this quantity could result from the
presence of no more than three amalgam fillings in toddlers and five amalgam fillings in adults.
More recently a similar reference concentration was proposed by Lettmeier et al. (2010), based on
clinical and neurological examinations as well as findings from questionnaires in a group of 306
persons, living near or working in gold mining areas in Zimbabwe and Tanzania. The authors derived
lowest observed adverse effect levels (LOAELs) of 4.7 and 3.6 µg Hg/g creatinine in urine for ataxia of
gait and sadness. Then they converted this value to a rounded LOAEC of 3.5 µg Hg vapour/m3 air. By
applying uncertainty factors of 50 (5 for transforming a LOAEL to a NOAEL and 10 for interindividual
differences) they obtain a reference concentration of 0.07 µg/m3.
By using the same uncertainty factors as described for air, a HBM value of 0.07 µg/g creatinine can
be derived (Table 15: HBM guide value). If one compares this value with the exposure of the German
population (Becker et al. 2002a, b), 90 % of the German population would exceed this guide value.
This is consistent with the statement from Richardson that the inhalation guide value would be
exceeded by persons having more than 5 amalgam fillings. One may question, if in view of several
studies, which can be used for deriving guide values, if the use of an uncertainty factors of 10 is
justified for accounting for interindividual differences.
Table 15: HBM guide values analogous to guide values for air
Proposal for reference
Richardson et al., 2009
concentration
Critical study
Ngim et al., 1992
Exposed population (n)
Dentists (98)
Effect
LOAEC Hg in air
Conversion to continuous
exposure air
LOAEL Hg in urine

Performance in
neurobehavioral tests reduced
14 µg/m3
6 µg/m3
7.32 µg/g creatinine*

Lettmeier et al., 2010
Persons working in or living
near gold mines in Zimbabwe
and Tanzania (306)
Sadness, ataxia of gait

3.6, 4.7 µg/g creatinine
(average 4.2)
5

Uncertainty factor
10
LOAEC→NOAEC
Uncertainty factor
10
10
interindividual differences
HBM
0.07 µg/g creatinine
0.08 µg/g creatinine
3
*Conversion factor urine (μg/g creatinine) to air (µg/m ): 1.22/1 from Roels et al. (1987)

5.1.10 Exposure of the patient
5.1.10.1 Exposure history
The patient was exposed to mercury while having dental amalgam fillings. With 16 teeth containing
amalgam and release of 0.5 to 1 μg/day per amalgam filled tooth (Richardson et al. 2011; 2013) this
corresponds to a maximum of 16 µg mercury/day. Additional exposure probably has occurred during
unprotected removal of amalgam. Despite removal of amalgam fillings, residual mercury may have
stayed in the jaw bone (Hahn et al. 1990), being the cause of the osteitis. The relevance of this
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possible source of exposure is supported by the fact that the patient felt immediate improvement of
the weakness of his legs after curing the osteitis.
Finally, depending on the contact lens fluids used in the past, he was exposed to Thiomersal (1.4-14
µg/day, see Table 10). The vaccines, he received in 2011/2011 probably did not contain Thiomersal
(see 5.1.2). Without taking into account removal of amalgam his total former exposure amounted to
a maximum of 30 µg mercury/day. 0.5-1 µg/day correspond to 0.06 to 0.08 μg Hg/g creatinine.
Accordingly, the daily dose of the patient corresponds to about 0.08 x 30 µg Hg/g creatinine, i.e. 2.4
µg Hg/g creatinine. This value is below the HBM I value of 5 µg/g creatinine (see 0) of the German
HBM commission from 1999. It exceeds, however, the more recent proposals for HBM of 0.07 -0.08
mg Hg/g creatinine by a factor of 30.
5.1.10.2 Hair
The analysis of mercury in hair shows that mercury concentrations were not elevated before and
during chelation therapy, compared to the reference values provided by the investigating laboratory
and to various values found in the literature (Dunn et al. 2008; Nuttall 2006; Pesch et al. 2002)
indicating that there was no exposure to mercury in last weeks or months. Similarly, Moriwaka et al.
(1993) did not find elevated levels of mercury in hair in 43 ALS patients, compared to controls. Hair
incorporates Hg present in circulating blood during hair formation in the hair follicle. Accordingly
mercury concentrations in hair only reflects exposure during weeks to months, but not exposure in
the past (Bernhoft 2012). The patient´s highest exposure most probably was in 1999, when amalgam
was removed. Residual amalgam can be assumed to be in the deep body compartment and is not
readily available in the blood.
Mercury concentrations in hair were approximately the same in both measurements. This may
indicate that mercury has been successfully trapped by the chelation therapy, not becoming
bioavailable in the blood. Background exposure to mercury from food usually is the main
determinant of levels of hair and blood. Thus, the change to a raw vegetarian diet had also no
influence on background mercury exposure.
5.1.10.3 Urine
Values for metals in urine were compared with reference values after DMPS challenge from the
investigating laboratory as well as with data from (Bayer 2008). As these refer to single DMPS
treatments they are only comparable to the first measurement. The value of 4.3 mg/g creatinine
from our patient falls under the 14 % of measurements with the lowest values. The low mercury
levels in the first two measurements are consistent with a study with 42 ALS patients, where
exposure to mercury was investigated in a challenge test (single application) with meso-2,3dimercaptoscuccinic acid (DMSA, 20 mg/kg bw, (Louwerse et al. 1995). The authors did not detect
elevated levels of mercury or lead in the urine of the patients.
The DMPS challenge test is critically discussed with respect to its ability to diagnose exposure to
mercury or even metal toxicity (Ruha 2013; Umweltbundesamt 1999). From the experience of
J.Mutter it is not useful for identifying exposure to mercury because it may take more time until
mercury appears in the urine. Accordingly, our patient had elevated mercury concentrations in the
urine only after 3 months of treatment with DMPS and other chelators. This level is above the
reference values for challenge with DMPS, above 95th percentile from the German Environmental
survey (Becker et al. 2002b; Becker et al. 2003), and also above the German HBM guide values I and II
of 5 and 20 µg/g creatinine, respectively. If the value of 20 µg/g creatinine is exceeded, measures
have to be taken to reduce exposure.
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The late appearance of mercury in the urine is consistent with the view that it takes considerable
time to redistribute mercury from deep compartments in the body and to make it available for
excretion (Sears 2013). If the exposure of the patient comes from the time, when he had amalgam
fillings and during removal in 1999, then it is plausible that remaining mercury is not readily available
to chelation therapy.
For cost reasons, there are only few measurements of mercury concentrations in urine from our
patient. It would have been interesting, to have a measurement without DMPS at the start of the
therapy, and measurements form the further course of the treatment.
A comparison of the exposure of the patient with the guide values for urine, derived above is not
possible, because no mercury concentrations in urine are available without previous DMPS
treatment.

5.2 Lead
Lead (Pb) is another environmental risk factor currently discussed, as lead is a well-known
neurotoxicant (Ingre et al. 2015; Trojsi et al. 2013). Blood levels of 30 µg/dL and higher have been
associated with neuropsychological effects, increased prevalence and severity of white matter
lesions, reduced nerve conduction velocity, affected postural balance, alterations of somatosensory
evoked potentials (ATSDR 2007). Callaghan et al. (2011) analysed 10 case control studies
investigating the association with lead exposure in ALS patients. Overall, most of the studies showed
an association between lead exposure and risk of ALS, but a few did not, including the study that
assessed the largest sample size (n = 518). Notably, several studies of ALS patients and transgenic
mice showed that lead exposure was associated with greater survival (Trojsi et al. 2013) and it was
postulated that lead may delay disease progression. Thus, overall there is no conclusive evidence for
a role of lead in ALS.
At the start of chelation therapy, lead analyses in the pubic hair of the patient (Table 6: Hair mineral
analyses (values in ppm)) show slightly increased values, compared to the reference value of the
investigating laboratory. They were reduced 6 months later to about half of the original value. Urine
levels were close to the median of the normal values and decreased during therapy as well. In the
tattoo, lead was found (60 µg/kg corresponding to 0.06 ppm), but no reference values for tattoos
were provided from the laboratory for lead that allow an evaluation. If one estimates the overall lead
dose in the tattoo (3/4 of area covered by tattoo, size tattoo 20 x 6 cm, vertical extension of tattoo
0.02 cm, skin densitiy 1g/cm3) this would correspond to about 1 µg Pb. Normal levels in blood are
about 100 ng/dL. Thus, Pb from the tattoo would hardly increase blood levels of Pb. Therefore, other
sources are more important contributors to the Pb exposure of the patient.
Overall, the exposure of the patient to lead does not justify a discussion of lead as single risk factor
for ALS in this patient, but it may act in combination with other risk factors.

5.3 Genetic defects
Familial ALS, i.e. ALS found in several members of a family accounts for about 5 % of all ALS diseases
(Forsgren et al. 1983). If no family history is identified, the diagnosis is assumed to be sporadic.
Several types of gene mutations have been associated with ALS. Mutations in the SOD1 gene are
found in 10-20% of familial ALS cases and 5 % of sporadic ALS cases. SOD converts free superoxide
radicals to molecular oxygen and hydrogen peroxide and thus plays an important role in the body´s
defence against reactive oxygen species (Ingre et al. 2015). In 40 % of ALS patients with familial ALS
and 7-11 % of patients with sporadic ALS more than a thousand repeats of the hexa nucleotide
repeat sequence GGGGCC occur in a non coding part of the C9ORF72 gene, while the normal
population has 2-30 repeats (Ingre et al. 2015)s. The functional effects of this mutation are unknown.
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Overall 20 different forms of ALS now are reported with corresponding gene defects (Bicchi et al.
2015).
No cases of ALS are known in the family of the patient. Investigations on possible gene defects were
not performed; they do not belong to the usual spectrum of investigations that are performed for
the diagnosis of ALS (Dengler 2010). Therefore it cannot be evaluated if the patient bears genetic risk
factors.

5.4 Professional sports and trauma
According to several studies, reviewed in (D'Amico et al. 2013; Daneshvar et al. 2015; Ingre et al.
2015) , an increased risk of ALS is found among American football or soccer players. One explanation
is that repeated head injuries may lead to chronic traumatic encephalopathy (CTE) which then may
lead/contribute to ALS. According to Daneshvar et al. (2015), approximately 10 % of individuals with
CTE develop a progressive motor neuron disease that is clinically indistinguishable from sporadic ALS.
Similarly, Kuklinski (2008) found a history of cervical trauma in 11 of 12 ALS patients investigated.
The risk factors of professional sport and head trauma are both relevant for the patient. He has a
long experience of performing combatant sports at a nearly professional level, i.e. he practised
several times a week. Furthermore, this type of sport may involve head injuries, as experienced by
the patient in 2004. It is not clear whether severe encephalitis and myelitis with subsequent
paralyses that appeared two days after the injury, was caused by the injury. As it was only 2 days
later, it does not seem to be just an association.
If both diseases finally led to ALS is another open question that allows only speculation. Concerning
clinical findings, according to the experience of the patient, the muscle weakness starting at the end
of 2012 was completely different from the former disease. Nevertheless, it is strange that within 10
years the patient developed severe neurological diseases twice.
If we assume, that this ALS indeed was a consequence of trauma, why was the therapy successful?
First of all, the therapy involves therapeutics that cover a broad range of indications. The chelators
are also important antioxidants. We now know that oxidative damage is involved in numerous
diseases. This includes ALS, other neurological diseases, but is also a consequence of trauma.

5.5 Other risk factors
No relevant exposure of the patient could be identified from his working history for pesticides or
other chemicals. Further, he has none of the professions identified as possibly at risk in (Ingre et al.
2015; Trojsi et al. 2013). Finally, he does not smoke.

5.6 Conclusion
Exposure to mercury as a trigger for developing motor neuron disease is possible, based on the
toxicity data of mercury and the exposure of the patient. In addition, the patient´s disease history
with head trauma, encephalitis and myelitis with paralyses that took years to recover may be
associated with the development of motor neuron disease. Clearly, also a combination of several risk
factors may have contributed to development of the disease. Although not mentioned specifically as
risk factor above, it is striking that the patient received several vaccinations in the years before the
onset of the disease.

6 Evaluation of the therapy
Besides chelation therapy involving several agents (DMPS, Tiopronin, N-acetyl cysteine, taurine, ALA)
the therapy in the Detox Klinik involves various micronutrients, vitamins, and antioxidants. Patients
are also advised to take a diet of raw unprocessed food. Within the scope of this master thesis it is
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not possible to explain the rationale and the details of the therapy. They can be found in the books
by Mutter (Mutter 2012a, b, 2013). To evaluate, whether the success of the therapy is plausible,
however for the most important therapeutics, especially (RS)-2,3-bis(sulfanyl)propane-1-sulfonic acid
(DMPS) and some other chelating agents, I have studied the scientific literature. Important reviews
are from Flora and Pachauri (2010), Rooney (2007), and Sears (2013).

6.1 DMPS
6.1.1 Chemistry
DMPS (Figure 9) is the major therapeutic agent used in the Detox Klinik for removing mercury and
other metals from the body. Therefore, briefly the most important properties are described here,
based mainly on the reviews on the pharmacological and toxicological properties of DMPS from
(Rooney 2007; Ruprecht 2008; Sears 2013).
The metal binding properties of DMPS are due to two vicinal SH groups that allow a ring structure to
be formed with the metal (Ruprecht 2008). As this structure is more stable than binding to
endogenous ligands in the body, DMPS can capture the metal. The additional sulfonic acid group
renders the molecule hydrophilic to allow excretion via the urine (Greim et al. 1994).

Figure 8: Structure of DMPS
It is important to note that besides its metal chelating properties it can also act as an oxygen radical
scavenger and prevent lipid peroxidation and oxidative stress (Ruprecht 2008). Thus, DMPS may have
two beneficial properties: on the one side, it may support excretion of heavy metals, but it also helps
the body in recovering from oxidative stress induced by these metals. In addition, it promotes
regeneration after poisoning with pesticides or pharmaceuticals.

6.1.2 Absorption, distribution, excretion
DMPS is mainly applied i.v., s.c., and orally. Approximately 50 % of orally applied DMPS is absorbed in
humans (Maiorino et al. 1996), peak plasma levels are reached within 4 hours (Hurlbut et al. 1994).
For the s.c. route no information could be found. No DMPS is absorbed, when applied trans dermally
(Cohen et al. 2013).
In the blood DMPS is mainly bound to albumin (Maiorino et al. 1996) and distributed to all organs. In
experiments with rats, highest concentrations are found after 6 hours in the kidney. In the brain only
low amounts are detected (Gabard 1978; Ruprecht 2008).
DMPS and its metabolites (disulphide compounds) are excreted via the urine after i.v. or oral
application. After i.v. administration 84 % of the dose is excreted via the urine (Hurlbut et al. 1994).
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After oral application about half of the amount can be found in the faeces representing the
unabsorbed compound. No information is available on elimination after subcutaneous injection. It
can be assumed that it takes longer than for the other two routes.

6.1.3 Excretion of mercury by DMPS
DMPS is well known for its efficacy in removing heavy metals and other noxious elements from the
body, e.g. mercury, lead, arsenic. Mercury excretion was demonstrated in humans (Aposhian et al.
1992; Aposhian et al. 1995; Drasch et al. 2007; Gonzalez-Ramirez et al. 1998; Kosnett 2013; Ruprecht
2008) as well as in animal experiments (Aposhian 1983; Gabard 1976; Gabard et al. 1979; Kosnett
2013; Pingree et al. 2001; Planas-Bohne 1981; Ruprecht 2008). In addition, essential metals are
excreted, i.e. copper, selenium, zinc and magnesium (Bayer 2008; Ruprecht 2008; Torres-Alanís et al.
2000), necessitating replenishment before, during, and after treatment. The amounts excreted vary
significantly within populations for all these metals (described in 5.1.4.1.)(Bayer 2008).
It is discussed, whether DMPS is able to remove mercury also from the brain and spinal cord as
important targets of the toxicity of mercury (Ruprecht 2008).
In the study of Aposhian et al. (1996), levels of mercury in rats, pretreated with mercury chloride (i.p.
injection of 0.5 mg/HCl2, 5 d/w, 32 or 41 days, DMPS treatment after 16-20 days without injection),
no difference in decrease between saline and DMPS (4 treatments on 4 consecutive days) was found.
The authors take these results as indication, that DMPS treatment does not redistribute mercury into
the brain, because at the same time DMPS treatment reduced mercury levels in the kidney. For lead,
no decrease, neither with saline nor with DMPS was found. This study is questionable for several
reasons. The number of rats treated is not provided, however 10 rats died during treatment with
HgCl2. Then, there was a lag time of 16 to 20 days until treatment with DMPS started. As mercury
concentrations in the brain decreased also with saline treatment to half of the original values, it has a
major influence on the outcome of the study, how long the lag time was for the individual animals.
Finally, the exposure was by i.p. injection, which is an unphysiological route. The authors provide no
justification. It would have been much easier to provide HgCl2 in the drinking water.
In contrast in the study of Pingree et al. (2001) with rats, 3 consecutive treatments with
100 mg/kg bw DMPS with 72 h interval decreased mercury levels in the brain of rats pretreated with
methylmercury (10 ppm in drinking water,9 weeks, DMPS treatment 1 day after end of exposure).
The effect was more pronounced for organic mercury than for inorganic mercury (Figure 9).
Figure 9: Removal or mercury from the brain by DMPS injection (Pingree et al. 2001)
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It has to be noted, however, that these experiments only involved few applications of DMPS. It is
assumed that mobilisation and excretion of the heavy metals by DMPS produces a shift in the steady
state between the various compartments of the body in which they are not directly accessible to
DMPS, which leads to a redistribution from these compartments including the brain (Ruprecht 2008).
This redistribution, requires a certain amount of time. As a consequence repeated treatments with
DMPS can stimulate additional excretion of mercury coming from deeper body compartments. This
has been shown in workers, exposed to HgCl2 (Figure 10: Time course of mercury excretion by DMPS
(Gonzalez-Ramirez et al. 1998).
Figure 10: Time course of mercury excretion by DMPS (Gonzalez-Ramirez et al. 1998)
DMPS reverses decreases in GSH levels, caused by noxious agents such as sulphur mustard (Pant et
al. 2000) or paraquat (He et al. 2009). Even, if DMPS may reach not the brain, it restores endogenous
sources that can remove mercury from the brain.
6.1.3.1 Analytical issues
According to the review of Ruprecht (2008), following a single i.v. dose of DMPS (2 mg DMPS/kg bw,
i.v.), approximately 35 to 40 % of the total 24 hour excretion were excreted in the urine within the
first 30 minutes, around 70 % within the first two hours and approximately 84 % in the first 8 hours.
In addition there is a good correlation between the mercury concentration (μg Hg/g creatinine) in the
45-minute spontaneous urine after i.v. DMPS and the mercury excretion in the 10-hour urine.
Therefore several authors cited in (Ruprecht 2008) as well as Bayer (2008) suggest that spontaneous
urine is suitable for the assessment of the mercury deposit, but there are also others who prefer 24 h
urine. In the Detox Klinik the urine is taken after 45 minutes.

6.1.4 Improvement of neurological symptoms
Several studies show that in humans neurological symptoms caused by exposure to mercury are
improved by treatment with DMPS (Böse-O'Reilly et al. 2003; Bradberry et al. 2009; Corsello et al.
2009). In studies with mice DMPS improved methylmercury-induced locomotor deficits (Carvalho et
al. 2007).

6.1.5 Toxicity
As it is often criticized that chelation therapy with DMPS bears special hazards, I have reviewed the
toxicity of DMPS based on the information provided in the product dossier (Ruprecht 2008). No
serious effects were found in toxicological studies. As expected from its chelating properties DMPS
mainly impacts homoeostasis of copper, iron and zinc. However, it has to be noted that the studies –
published in 1980 – are not according to current guidelines, i.e. few dose levels were tested and the
scope of endpoints investigated is smaller than nowadays.
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In oral studies, rats (Planas-Bohne et al., 1980, cited from (Ruprecht 2008) and beagles (Szinicz et al.,
1983) cited from (Ruprecht 2008) were treated for 63 weeks with 150 mg/kg bw on 5 days per week.
The only effect found in rats was a reduction of copper levels in the kidneys, which was reversible
within 1 week after cessation of exposure. This dose can be considered a no observed adverse effect
level (NOAEL). This dose would correspond to 10 g per day for humans assuming a body weight of 70
kg.
In intravenous studies with beagle dogs, no effects besides dose dependent reductions in copper
levels in serum, liver, kidneys and spleen were found, when beagle dogs received up to 15 mg/kg bw
for 6 months. At 150 mg/kg bw haemoglobin, haematocrit decreased and iron increased in liver and
spleen. In addition, alkaline phosphatase was reduced. Thus, obviously due to the lower absorption
as well as high peak concentrations from i.v. exposure, the same dose is less well tolerated than after
oral doses. The NOAEL for this route would therefore be 15 mg/kg bw/day corresponding to 1 g/day
or 7g/week for humans.
No teratogenic or effects on reproduction were observed in animal studies (Ruprecht 2008).
In humans, DMPS has been widely used in the DMPS challenge test and for chelation therapy, and it
is usually well tolerated. Side effects include macular or maculopapular rashes, pruritus and
blistering, but no anaphylactic shock (Ruprecht 2008; Van der Linde et al. 2008). They occur after oral
and i.v. administration of high dose levels (250 mg) or prolonged administration and are reversible
within 3-5 days upon cessation of exposure. In addition, mild elevation of liver enzymes, diuresis,
fever and leucocytosis were reported. With the parenteral application in addition hypotension may
occur, particularly if injected too rapidly.
As DMPS does not react selectively with the toxic heavy metals, but mobilises both toxic and
essential metals (Ruprecht 2008), it is necessary to substitute essential metals especially zinc before
and during chelation therapy.

6.1.6 Safety of the therapy
In the therapy in the Detox Klinik, initially 250 mg/week was applied i.v. and another 250 mg/week
was injected s.c. Thus the daily i.v. dose is by a factor of 4 lower than the NOAEL, and the i.v. and s.c.
dose per week is 14fold lower. No maximum dose levels are provided in the product dossier from
Ruprecht (2008). From the view of toxicological risk assessment for chemicals according to the
Guidance of the European Chemicals Agency (ECHA 2012), this is a rather small safety margin. If one
would take the usual assessment factor of 1.4 for the extrapolation from dogs to humans via
allometric scaling, an additional assessment factor for toxikodynamic differences of 2.5 and another
factor of 10 for accounting for interindividual differences in humans as minimum a 35fold difference
would be requested. To exclude possible adverse effects, monitoring of the health of patients during
therapy with a focus on mineral status, blood counts and liver enzymes, is necessary. As shown in
section 3.7.1 - 0, several measurements are available for the patient. From a scientific point of view,
it would be desirable, to have data that are more recent, to better assess long term effects. However,
as the patient has to pay most analyses by himself, it was attempted to find a good balance of
necessary tests versus cost aspects.

6.2 Other Chelators and metal binding substances
In order to support chelation therapy with DMPS, additional chelators were applied. In the following
only alpha lipoic acid and selenium are briefly described.

6.2.1 Alpha lipoic acid (ALA)
Alpha-lipoic acid is an endogenous disulphide. It raises intracellular glutathione (GSH), forms chelates
with various metals including mercury, has antioxidizing properties and regenerates antioxidants
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such as vitamin C and E. Administration of ALA has been shown to induce biliary excretion of
mercury. Most importantly, ALA is taken up by the brain, and the peripheral nerves (Rooney 2007). In
the treatment protocol applied by J.M., intravenous infusion of DMPS is preceded by alpha lipoic acid
(ALA). ALA is generally considered to be able, to cross the blood brain barrier, and it has a high
affinity to mercury. Thus, one can hypothesize that ALA reaches the brain, takes it into the blood and
then DMPS will capture mercury with even higher affinity and allow excretion with the urine.

6.2.2 Selenium
Inorganic selenium was applied at the end of each DMPS-infusion in order to prevent symptoms from
mobilization of mercury, because it is known that Selenium inactivates mercury by forming an
extremely stable insoluble complex and thus reduces the toxicity of mercury (ATSDR 1999; Berry and
Ralston 2008). According to Rooney (2007), however, it may negatively interact with DMPS by
reducing excretion of mercury. Selenium is an essential micronutrient existing in the mammalian
body in association with a variety of selenoproteins. One very important protein is glutathione
peroxidase, which acts as antioxidant in the body.
Selenium levels in hair rose during treatment, but levels were in the range of the reference values.
The levels of selenium in blood were above reference values during the treatment. No threshold
limits for the selenium content in blood are available, to evaluate the relevance of these values.
Generally, uptake of selenium is well tolerated in daily doses up to 400 µg/day (RKI 2006). The
intravenous injection of 10-20 ml Selenium (50 µg/ml), however, exceeds this level up to 2.5fold. One
may speculate that selenium is not freely available due to binding to mercury, thus reducing the
toxicity of both, mercury and selenium.

6.3 (Micro)Nutrients, vitamins
6.3.1 Krill
Krill oil contains the omga-3 fatty acids eicosapentaenoic acid and cis-4,7,10,13,16,19docosahexaenoic acid (DHA) as phosphatidylcholines as well as astaxanthin, a carotenoid. DHA is one
of the most abundant polyunsaturated fatty acids (PUFA) in the phospholipid fractions of the
mammalian brain. Several studies with krill oil have shown antithrombotic, antiarrhythmic, antiartherosclerotic, anti-inflammatory effects ([Anonymous] 2010; Tou et al. 2007). DHA have been
reported to modulate MeHg toxicity (Kaur et al. 2011) and studies suggest that DHA may act against
MeHg induced neurotoxicity.
As the patient had deficiency in omega-3-fatty acids according to the fatty acid profile of his blood,
krill oil was prescribed to balance the fatty acids. This substitution was, however, only marginally
successful (see 3.7.2).

6.3.2 Vitamins and antioxidants
The patient received several vitamins and antioxidants during his therapy based on the assumption
that free radical accumulation and oxidative stress contribute to the progression of amyotrophic
lateral sclerosis. In a Cochrane review on the role of antioxidants for treating ALS no effect was
observed for vitamin E, acetylcysteine, a combination of L-methionine, vitamin E and selenium (Orrell
et al. 2007, 2008).

6.4 Conclusion
The patient received a chelation therapy, although no residual amalgam was detected in the
investigation of the teeth, and although levels of mercury in hair and after the first DMPS challenge
were within normal reference values. From the experience in the Detox Klinik, also previous
exposure and unprotected removal of amalgam justify a chelation therapy. Heavy metals appear in
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most cases only after several treatments with DMPS, because they are located in deeper tissue
compartments, where they escape normal biomonitoring procedures.
Patient X is just one of several patients, who have been treated successfully in the Detox Klinik. His
case, however, is especially encouraging, because the disease was not only stopped, but completely
reversed.
As the evaluation of some of the therapeutic procedures shows, it is plausible that most of them are
supporting the therapy. Besides beneficial effects of individual therapeutics, the combination and
possibly the perfect timing (e.g. ALA together with DMPS, selenium after DMPS) may have supported
the therapy. Some treatments are verified by the immediate experience. From personal experience
of J. Mutter during DMPS infusion poisoning symptoms may show up. When selenium is injected,
these symptoms immediately disappear, thus providing strong evidence for the efficacy of such a
treatment.
The special feature of the therapy in the Detox Klinik is that it is based on several pillars: chelation,
vitamins, antioxidants, micronutrients and diet. Within each of these pillars several therapeutics are
used and it is assumed that the therapeutics support each other in their action. On the other side, it
is expensive for the patient, since the costs are not covered by the insurance. Under these
circumstances, the compliance of the patient is even more remarkable. From a scientific point of
view, but also for saving money for the patients, it would be highly desirable to identify those
therapeutics that are essential for the therapy and work towards reimbursement through the
statutory system.
Actually, there are two hypotheses for the cause of the disease:
Mercury intoxication according to the initial hypothesis. ALS may be also a consequence of the head
trauma. The success of the chelation therapy would rather argue for mercury as cause. However, it is
known that trauma causes oxidative damage and may be a permanent trigger for inflammation, and
frequently a double challenge with two more or less independently challenging events may overtax
the coping mechanisms of an otherwise stable system.However, the cause of this case cannot be
ruled out. The success of the therapy may attributed in this case not to the chelating properties of
DMPS but rather to its antioxidant properties.

7 Discussion
We are exposed to a multitude of chemicals in our daily life. Major efforts have been undertaken in
the last decades to assess the toxicity of these chemicals, to regulate their placing on the market and
to establish threshold limits. Reviews on the toxicity of chemicals, biocides and pesticides,
combustion products and their metabolites are available from numerous institutions in Germany, in
the EU and beyond Europe and there are major efforts to test also chemicals with yet unknown
toxicological properties under the European existing chemicals project “REACH”. On the other side
there are chronic diseases that may be caused by environmental exposures, but it is very difficult to
identify risk factors for these diseases, as was shown in this master thesis. To get a better knowledge
in the future a systematic approach is needed. For this purpose, I will provide here some general
considerations and thoughts on identification of chemicals as risk factors for chronic disease (i.e.
exposure assessment) and resulting therapy. They are based on the approach already applied by J.
Mutter (Mutter 2012a, b).

7.1 Exposure assessment
For evaluating environmental risk factors, at least a rough exposure history is of utmost importance.
It can provide a basis for therapy, or identify areas for further refinement, i.e. chemicals to be
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analysed and corresponding media. It is recommended to use exposure questionnaires, as provided
e.g. by Marshall et al. (2002), because it is easy, cheap and comprehensive to obtain information via
a questionnaire. By using a questionnaire, possible exposure sources may be identified and avoided,
thus in the best case making further measurements and therapies superfluous.
Such a questionnaire should include numerous exposure possibilities as pick lists in order to assure
that nothing will be forgotten by the respective patients. The mnemonic (CH2OPD2) helps to
organize the history: it stands for
•
•
•
•
•
•
•

Community
Home
Hobby
Occupation
Personal
Diet
Drugs

It is important also to consider all possible routes of exposure, such as
•
•
•
•
•
•
•

Breathing
Ingestion
Skin contact
Contact via mucous membranes
Olfactory transmission
Transfer from mother to child
Other sources like surgery, dentistry, injection, vectors

To my knowledge, often the dermal route is underestimated or even overlooked.
Furthermore, patients become researchers for their disease and are better taken on board for future
therapies. A questionnaire was also applied to the patient and was helpful in identifying risk factors.
Depending on the first information gathered, it may be necessary to further explore exposure
concentrations by specific measurements, either in air, drinking water or food, or to perform
biomonitoring in urine, blood, hair, saliva, or mother´s milk. Values obtained have to be compared
with reference values reflecting background levels in the population, and in case of increased values
with toxicological guide values. This step is very important, because due to improvements in
analytics, nowadays a huge number of chemicals are detected and only few may pose a risk. It is also
important to mention here, that in the public the two terms hazard and risk are often confused –
even more in the German language, where there is no equal term for hazard. One may say
“Gefährdung” or “Gefährdungspotential” and “Risiko”. The distinction is important, because every
substance bears a hazard, i.e. the inherent toxicological property of a chemical. Any chemical
becomes a toxicant, if the exposure is high enough (Paracelsus). Therefore the term risk is so
important. Here the hazard is combined with the exposure, and only if exposure exceeds a certain
degree toxic effects do occur.
In case of our patient, from measurements in hair, no relevant exposure could be deduced. This is
either an indication that he is especially sensitive, that chemicals are no cause of the disease or that
these measurements may not be sufficient. It may be necessary to apply suitable methods to detect
chemicals also in deep compartments of the body such as the brain, e.g. by chelation. As our patient
shows, a single treatment with the chelator DMPS may be not sufficient, but instead several
applications are necessary. This possibility should always be taken into consideration in case of
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exposure assessments. In some instances, also biopsies may provide useful information. Here we
have the example of the patient, where the tattoo was investigated by biopsy. A risk assessment was
not performed for the metals detected by biopsy. Therefore, the decision to remove the tattoo was
based on hazard considerations, following a precautionary principle taking also the severity of the
diagnosis into consideration.
However, even, if nothing (above reference or guide values) is detected under these more stringent
conditions, a relevant chemical exposure cannot be ruled out. A patient may be exposed to several
chemicals, each per se being not critical in its concentration, but all together they are sufficient to
cause diseases due to additive or synergistic effects. Furthermore, personal constitution and habits
such as diet, smoking, drinking alcohol may lead to an increased sensitivity.
Finally, relevant chemicals may just not be detected, because they were not on the “list” of the
investigating laboratory. Due to innovations in chemical industry, we have to be aware that always
new toxic chemicals or their degradation products may appear that are not included in usual
surveillance lists.
In some cases, only indirect evidence of environmental exposure may be obtained, when a disease is
healed by removal of possible sources (e.g. after renovation of houses, change of workplace). In this
case, the patient attempted to exclude as many sources as possible including the titanium screws in
his knee, the tattoo and exposure to electromagnetic waves.
Furthermore, changes in parameters of kidney or liver function in routine laboratory diagnostics may
indicate chemical exposures and therefore should be taken as an indication for assessing exposure.
When measuring chemical exposures it is always important to keep them to a minimum for cost
reasons. Much experience is necessary to find the right media and the right time point for obtaining
reliable and representative results.

7.2 Therapy
When considering therapeutic options approaches should be taken as described in the books by
Mutter (Mutter 2012a, b) and the reviews by Sears (Sears and Genuis 2012; Sears 2013).
The very first step is personal avoidance or elimination of the source. Otherwise, all other attempts
may fail. This is especially important, when one considers that, in naturopathic medicine
detoxification is often applied without careful consideration of exposure sources (Allen et al. 2011).
Also without knowing the exact chemical that causes a disease, avoiding the source may be sufficient
to heal a disease. This was demonstrated by several case studies e.g. by Genuis and Kelln (2015).
Another important element of the therapy is securing the efficacy of endogenous mechanisms for
toxicant elimination. This includes optimal nutrition through dietary instruction. Sulphur containing
foods such as brassicas or alliums are important vegetables supporting detoxification by supporting
synthesis of endogenous detoxifying compounds. In addition directed supplementation can be
considered, e.g.-by n-acetyl cysteine as a precursor of glutathione, or alpha lipoic acid. Both
approaches have also been taken on board in the therapy in the Detox Klinik. The patient was
advised to eat (even raw) organically grown vegetarian food, and he also took n-acetyl cysteine.
Another possibility is, to prevent absorption of chemicals. This may occur through competition: if
sufficient amounts of iron, calcium or zinc are available in the diet or by supplementation, absorption
of heavy metals in the gut may be reduced, due to competition for the same transporter molecules.
In addition, laxatives may reduce time available for absorption. Dietary fibres or chlorella also may
prevent absorption, due to strong binding to the chemicals in the gut.
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Increased excretion of toxic compounds should also be achieved. Common approaches are via
sweating in the sauna or through extensive exercise (Schnare et al. 1982). But also enterohepatic
circulation may be reduced by dietary fibres or chlorella (Takekoshi et al. 2005) but also by bile acid
sequestrates like cholestyramine (Sears and Genuis 2012).
Depending on the type of chemical to be eliminated in addition to the above mentioned “soft”
approaches, also chelation can be considered with DMPS, Dimercapto succinic acid, ethylene
tetraamino acetic acid (Sears and Genuis 2012). As demonstrated for the case of our patient, a long
lasting therapy with up to 100 applications in the course of 3 years may be needed.
Finally, and in addition to the other therapies, various antioxidants such as taurine, S-adenosylmethionine, alpha lipoic acid, coenzyme Q10 should be applied to support the body to repair the
damage to different organ systems and organelles especially the mitochondria affected by reactive
oxygen species as consequence of modes of action of various toxicants.
In conclusion, it is highly desirable that not only doctors specialized in environmental medicine but
also general practitioners are aware about the possibility that exposure from environmental
chemicals may cause diseases. Careful examination of exposure history via elaborated questionnaires
that should be made widely available via the internet, also for personal use of the patients, would be
a first step into this direction.

8 Research recommendation
To exclude that recovery of the patient was just due to chance, further ALS patients from the Detox
Klinik should be followed in a systematic prospective case-series as outlined above.
The standardized Amyotrophic Lateral Sclerosis Assessment Questionnaire (ALSAQ) questionnaire
(Jenkinson et al., 1999) that has already been used by several research groups, should be used for
following the course of the disease. The questionnaire measures the subjective well-being of patients
with ALS and MND. There are 40 questions in the long form of the questionnaire that relate to
physical mobility (10 items), activities of daily living and independence (10 items), eating and drinking
(3 items), communication (7 items), emotional reactions (10 items) with 5 discrete scales
never/rarely/sometimes/often/always or cannot do at all. It is available via the internet.
Numerous patients – not only with ALS but also with other chronic diseases have been treated
successfully in the Detox Klinik. In order to explore exposure of the patients, it would be desirable to
develop a database with exposure information of all patients that contains number of DMPStreatments, treatment interval and final outcome.
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Anhang: Fragen an den Patienten
Telefonat am 25.1.2016

1) Im Umweltmedizinischen Fragebogen haben Sie angegeben, dass Sie 2004 einen Schlag in den
Nacken erfahren haben, was ist konkret passiert, mit welchen Folgen?
2)Für das gleiche Jahr haben Sie auch Enzephalitis, Myelitis, Enzephalomyelits angegeben. Wie war
da der Verlauf?
3) Waren Kreuzbandriss, Achillessehnenriss, Meniskusschäden Folgen von Sportverletzungen?
4) Hatten Sie Schmerzen in den Muskeln, die geschwächt waren?
5) Auf welchem Arm war das Tattoo, wie groß war es etwa (wieviel cm2)? Wann genau wurde das
Tattoo entfernt?
6) Wann genau war die OP zur Entfernung der Titanschrauben?
7)Besteht auch die Möglichkeit, dass Sie beruflich z.B. Metallstäuben oder Schweißräuchen
ausgesetzt waren? Welchen? Wie war es mit Chemikalien, Lösemitteln?
8) Welche Impfungen hatten sie (unleserlich in den Unterlagen), hatten Sie Nebenwirkungen?
9) Aus den Unterlagen von Herrn Dr. Mutter geht hervor, dass Sie zahlreiche Arzneimittel einnehmen
mussten. Wie sah das konkret aus? Wie viele Arzneimittel haben Sie auf einmal genommen, welche.
Haben Sie die Einnahme auch mal vergessen?
10) Wie ist es Ihnen mit der Ernährungsumstellung ergangen. Wie sah die Ernährung konkret an
einem Tag aus? Wie haben Ihnen die Smoothies geschmeckt?
11) Gab es Nebenwirkungen der Behandlung (neue Symptome), welche, ev. wann?
12) Gab es einen Zeitpunkt, zu dem Sie sich besser gefühlt haben und gemerkt haben, dass es
bergauf geht. Oder ging das allmählich.
13) Hat sich etwas in Ihrer Lebenseinstellung geändert durch die Krankheit?
14) Was empfehlen Sie anderen Patienten in Ihrer Situation?
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