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ABSTRACT 
This review focuses on pathologic mechanisms of neurodegenerative 

diseases and Multiple Chemical Sensitivity (MCS) in order to find out 

common properties that give hints to their common origin and mechanisms. 

Many epidemiologic studies already have proven that both, MCS and 

neurodegenerative diseases, especially Alzheimer’s and Parkinson’s 

Disease, are initiated by exposure to environmental chemicals. The 

mechanisms following these exposures show similar properties. They are 

initiated by binding to and activation of receptors located at cells of the 

brain immune system and at neurons, mainly the so called “transient 

receptor potential receptors” (TRP-receptors). As a consequence, the 

activation of N-methyl-D-aspartat-receptors (NMDA-receptors) in the 

Central Nervous System (CNS) plays a central role in the expression of 

neurotoxic mechanisms such as excitotoxicity, apoptose (programmed cell 

death) and chronic inflammation in the brain. The inflammation in brain is 

mainly performed by activated astrocytes and gliacells that are part of 

the inborn immune system. Under normal conditions these cells support the 

functions of neurons in the brain. Under pathologic conditions caused by 

different environmental chemicals these cells are activated and turn into a 

pathogenic state that supports inflammation. They then secrete cytokines 

as signal molecules that activate different inflammation mechanisms, 

leading to production of oxygen radicals (“oxidative stress”) and 

peroxynitrite (“nitrosative stress”). These pathogenic mechanisms constitute 

self enhancing vicious cycles that cause a risk of proceeding 

neurodegeneration. There are hints that some of these mechanisms also 

have been proven for Multiple Chemical Sensitivity (MCS).  
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Introduction 

Different epidemiological studies have focused on 
environmental factors that initiate processes in brain that 
lead to neurodegenerative processes in brain. 
Concerning Alzheimer’s Disease about 95% of cases are 
of sporadic origin and depend not mainly on genetic 
factors.1 For these cases external risk factors are 
responsible for the probability to become dementia. 
Important risk factors are preexisting diseases such as 
diabetes type II, adipositas and other diseases of the 
metabolic syndrome like hypertension, arteriosclerosis, 
chronic inflammations, autoimmune diseases, and 
disturbed fat-metabolism. Concerning this there rises the 
question of reasons and origins of chronic inflammation 
processes by environmental factors, including life style 
such as lack of exercise, quantity and kind of food, 
smoking, consumption of alcoholic drinks, former 
infectious diseases, but also exposition to environmental 
chemicals such as pesticides, organic solvents, air 
pollution by fine dust particles, ozone, nitric oxides, 
sulphur-dioxide and others. Long time use of medical 
drugs, especially antibiotics, may in combination with 
other medicines and chemicals support 
neurodegenerative processes.2 Epidemiological studies 
have proven that elevated concentrations of fine dust 
PM 2,5 cause a clear risk of becoming Alzheimer`s 
Disease.3,4  
 
It is evident that the onset of dementia by environmental 
factors corresponds to other diseases of environmental 
origin such an allergies, autoimmune diseases, toxic 
encephalopathy (TE) and Multiple Chemical Sensitivity 
(MCS). Regarding fundamental physiological and 
biochemical mechanisms of these diseases one can find 
similar and corresponding pathogenic processes in both 
diseases of dementia and of environmental origin.  
 
 

Mechanisms of Neurodegeneration and 
Multiple Chemical Sensitivity (MCS) are 
corresponding 
The urban outdoor air is contaminated with a complex 
mixture of numerous pollutants, such as airborne 
particulate matter (PM) and gases, including carbon 
monoxide, polyaromatic hydrocarbons, sulfur dioxide, 
nitrogen oxides, ozone and volatile organic compounds 
(VOCs).5,6  
 
 Chemicals of air pollution inside of building-rooms are 
organic solvent molecules, formaldehyde, acetic acid, 
trichloro-ethylene, tetrachloro-methane, pentachoro-
phenol, polychlorinated biphenyls and dioxins and 
others. Most of these air polluants trigger 
pathophysiological mechanisms by binding to transient-
receptor-potential-receptors of type V1 and A1 (TRPV1 
and TRPA1) that are located at sensorial nerve-fibers of 
the peripheral nervous system. These receptors are 
upregulated by exposure to chemicals, leading to 
overstimulation of sensorial nerves and corresponding 
functional areas in the brain, followed by 
neurodegenerative processes and loss of brain-mass in 
these areas. There is likely damage to the olfactory 
system in neurodegeneration and trigeminal nerve 
hypersensitivity in MCS, with different effects on 

olfactory processing. This is accompanied by cognitive 
decline, chronic headache and loss of smell. 
Upregulated TRPV1 and TRPA1 were found in patients 
with neurodegeneration, chemical asthma, migraine, and 
MCS. Persons with chemical sensitivity have elevated 
sensitivity of these receptors and a lowered reaction 
threshold, causing a forced reaction towards exposition 
to environmental chemicals. The system of sensorial 
nerves for smell and the nerves of the Trigeminus show 
signs of neurodegeneration after chronic exposition to 
chemicals. These patients also mostly show unspecific 
hypersensitivity to air polluting chemicals typical for the 
MCS disease.6  
 
 A cohort-study of the staff of the New-York Fire-
Department, that had been engaged in rescue-activities 
during the 9-11-Terror Attack, has shown long lasting 
toxic effects on cognitive brain functions. The firemen 
had been exposed to high and toxic dust-concentrations 
for many hours. The incidence of dementia of 5010 
firemen, that had been investigated about 13 to 19 
years after the terror-attack, was more than 10 times 
higher depending on time and intensity of exposition.7. 
 
Other studies were focused on neurotoxins in the dust 
and waste of the former World-Trade-Center (WTC) 
and had investigated immunological markers 
corresponding to cognitive decline with the rescue 
personal after the terror event. They found upregulated 
neuroimmunological reactions of macrophages and 
increased concentrations of phosphorylated Tau-protein 
that indicated neurodegenerative processes. 
Investigations by functional MRT-scans of brains of 
rescue crew members showed activated glia cells and 
signs of inflammation in the area of hippocampus 
especially with persons of high toxic exposition. Some 
recent studies of the years up to 2024 had shown 
increasing hints for the connection between 
neurodegenerative diseases and exposition to 
environmental chemicals and air-dust.8 .  
 
Epidemiologic studies have also found a context 
between the frequency of cases of Parkinson’s Disease 
and the extent of pesticide contamination especially of 
farmers and personal working in agriculture, see review 
of Ascherio et al. (2006).9 Another epidemiologic study 
found that a former long lasting exposure of farmers 
and inhabitants of the Central Valley in California, USA, 
to the fungicide Maneb and the herbicide Paraquat 
enhanced the risk to get Parkinson’s Disease to about 
75%.10 Freire and Koifman (2012)11 stated evidence of 
association of pesticide exposure and Parkinson’s 
Disease (PD) in a review study. They observed a 
significant increase of the risk of PD in 13 of 23 case-
control studies that considered overall exposures to 
pesticides and 10 of 12 studies using other research 
designs. Increased PD risk has been associated with 
insecticides, especially chlorpyriphos and 
organochlorines, and with the herbicide Paraquat and 
the fungicide Maneb. Thus, besides Paraquat, animal 
studies have suggested that pesticides with related 
properties such as rotenone, maneb, dieldrin, heptachlor 

and atrazine are causally linked to α-synuclein 

accumulation and to dopaminergic cell degeneration 
and apoptosis.12, 13, 14, 15  
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Effects of environmental chemicals en-
hance inflammation and neurodegenera-
tive processes 
The link between neurodegeneration and exposition to 
environmental chemicals has been reviewed for 
example by Cannon and Greenamyre (2011).2 They 
stated: “Given that humans are exposed to numerous 
environmental toxicants in the course of a life span, 
identifying such a factor has proven to be very difficult, 
if not impossible. However, epidemiology and 
laboratory-based science have identified factors that 
influence risk and reproduced the key pathological 

features using animal models of the major 
neurodegenerative diseases.” Here only few examples 
of the influence of environmental chemicals on 
neurodegeneration can be reviewed.  
 
 Chemicals enter the brain via the Blood-Brain-Barrier 
(BBB) because of their non-polar properties or because 
the BBB has been damaged by inflammatory 
mechanisms. Once arrived in the brain they interact with 
different cell types such as astrocytes, glia cells, 
oligodendrocytes and directly with neurons (fig. 1).2  

 

 
 
Fig. 1: Toxicant entry into the CNS and interactions with diverse cell types, adapted from Cannon and Greenamyre 
(2011).2 The picture shows that environmental chemicals may enter the brain via the blood-brain-barrier (BBB) and then 
activate cells of the inborn brain immune system (astrocytes, microglia, oligodendrocytes) and neurons via special 
receptors such as TRP-receptors. The immune cells then turn into a pathogenic state supporting inflammation mechanisms 
and releasing toxic molecules such as cytokines, histamine, prostaglandines and oxygen radicals. According to Molot et 
al. (2022)6 we suppose that these mechanisms also are important for the onset of Multiple Chemical Sensitivity (MCS).  
 
TRP-Receptors play an important role in the activation 
of mechanisms leading to neuronal damage in the 
central nervous system. They have been investigated by 

studies concerning the causes of pain in the nervous 
system (Fig. 2).16  

 

 
Fig. 2. Ion channels expressed in sensory neurons that presumably are implicated in nociception, adapted from Lee et 
al. (2005)16 
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The findings of neurodegeneration caused by TRP-
receptor activation is supported by studies on the action 
of capsaicin by activating the TRPV1-receptor. Many 
studies have utilized pharmacological activation of 
TRPV1 receptors with capsaicin.17 Capsaicin is an 
ingredient of chilli spice. Studies have shown that people 
suffer from cognitive decline if they often have 
consumed chilli spice. A study with 4852 participants of 
age 63, who consumed more than 50 g fresh or dried 
chilli shells per day, had a more than doubled risk of 
cognitive decline than the group of control persons 
without chilli consummation.18 Massive activation of 
TRPV1-receptor by capsaicin results in enhanced 
secretion of glutamate by activated neurons. This leads 
to overstimulation of NMDA-receptors (N-Methyl-D-
aspartate Receptor) by glutamate.19, 20 The consequence 
is excitotoxicity and in extreme cases death, as has 
been documented by dozens of cases after the use of 
capsaicin-spray against drug-consumers by police 
officers. This has been reported by the German press 
organ “Spiegel”, No. 53 (2009).21 The death of these 
cases seems to be a result of combined action of 
capsaicin and active substances of the drugs. 
  

Pesticide-action and neurodegeneration  
There are still other mechanisms that lead to 
neurodegenerative processes in brain and the nervous 
system. Some pesticides such as organophosphate- and 
organic chlorinated insecticides enhance 
neurodegenerative process by direct action at synapses 
in brain.  
 
Organophosphate compounds such as Paraoxone, 
Parathione (E 605), Chlorpyriphos and others inhibit the 
enzyme acetylcholine-esterase in the synaptic cleft at 
the end of cholinergic neurons, so that the 
neurotransmitter acetylcholine is not degraded and 
accumulated, leading to muscle spasms and to 
Organophosphate-induced delayed Neuropathy 
(OPIDN) in the central nervous system (CNS), as has 
been observed with farmers, who often had used 
insecticides.22 Also crew members and passengers of 
aeroplanes had suffered from fume events caused by 
leaks of hydraulic oil lines of the jets. The toxic 
substance in the hydraulic oil is tricresyl-phosphate that 
acts similar as the organophosphate-insecticides, 
resulting in accumulation of glutamate and activation of 
NMDA-receptors in the brain. Crew members and 
passengers exposed to the hydraulic oil stream showed 
1 to 3 weeks after exposition symptoms of 
organophosphate-induced delayed neuropathy (OPIDN) 
as ataxia, pain of muscles and joints, neuropathy of 
peripheral nerves, arrhythmias of the heart, cognitive 
decline, disturbances of memory and concentration, 
general poor performance, fatigue, depression, loose of 
emotional control . Patients showing the multiple 
symptoms of OPIDN often also express symptoms of an 
unspecific hypersensitivity to other xenobiotic chemicals 
as has been reported by medical doctors of neurology 
in Germany 23, 24, resembling the symptoms of Multiple 
Chemical sensitivity.25  
 
 Excess of acetylcholine in brain causes overactivation of 
muscarinic acetylcholine-receptors in brain, especially in 
forebrain, hippocampus and striatum, resulting in 

secretion of glutamate by these neurons. Glutamate then 
activates the NMDA-Receptor at neurons in different 
areas of the brain, activating different functions of these 
brain areas. A consequence of enhanced activation of 
NMDA-receptors by excess of glutamate is 
excitotoxicity, which means activation of signalling 
pathways leading to apoptose, the programmed cell 
death of neurons in brain areas where NMDA receptors 
are abundant. Glia cells in these brain areas respond to 
this event by elevated inflammation mechanisms 
producing additional oxidative and nitrosative stress 
and causing a vicious cycle that enhances 
neurodegeneration.26, 27  
 
Organic chlorinated insecticides and biocides such as 
pentachlorophenol, DDT, Lindan, polychlorinated 
biphenyls, Endosulfan and dioxins bind and activate the 
so called Ah-Receptor (aryl-hydrocarbon-receptor) in 
astrocytes, glia cells an macrophages. In consequence 
transcription factors are activated, leading to 
production of cytokines of inflammation mechanisms such 

as IL-6, IL-1β, and of enzymes of the detoxification 

system such as Cytochrome-p450-Monooxygenase 1A1 
(CYP 1A1). The result is chronic inflammation in the 
brain.28, 29  
 
The effects of chlorinated organic substances such as 
those mentioned above have some common features of 
chronic and long time effects, as these are: 

- Mitochondria show damaged structures resulting in 
dysfunction of the respiration-chain, lack of ATP 
(adenosine triphosphate), production of oxygen 
radicals, lowered amount of reduced glutathione, 
causing reduced detoxification mechanisms by 
glutathione-transferases.30, 31, 32, 33  

- Insertion of chlorinated organic molecules into the 
structure of lipid membranes causing dysfunction of 
neurons and interfering with the function of natrium 
channels, leading to defects of the excitation 
conduction of nerves.  

- Some chlorinated organic substances such as 
Lindane and Endosulfane inhibit GABA-receptors in 
the central nervous system, causing neuronal 
hyperexcitability in some brain regions that may 
support chemical hypersensitivity.34, 35 

 
Taken together these effects result in a delayed 
appearance of chronic symptoms known as “neurogenic 
inflammation”. This appears as “desynchronization”, that 
means the initiating trigger by the chemicals may be 
followed by the symptoms of neurogenic inflammation 
even months or years after the trigger event.30 This 
causes a problem in practical medicine, because 
medical doctors often do not see the connection 
between the trigger event by exposition to 
environmental chemicals and the delayed appearance 
of symptoms.  
 
Environmental Chemicals, for example heavy metals, 
Nonylphenol, Di-(2-ethylhexyl)phthalat and 
Methoxychlor enhance processes of ageing by 
activating chronic inflammation mechanisms and 
especially inhibiting the production of protective 
molecules such as chaperones in the Endoplasmatic 
Reticulum of cells, that are responsible for the correct 
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folding of tertiary structure of proteins and enzymes. In 
consequence proteins with disturbed structures 
accumulate and cause inflammatory processes. 
Degradation of such proteins by proteasomes is 
inhibited.36  
 

Heavy Metals: Mercury, Neurodegenera-
tion and Multiple Chemical Sensitivity 
Mercury hat been used as a component of Amalgam-
fillings in dental medicine until 2025, when its use has 
been restricted by the European Union. But until now 
(2025) many people carry amalgam fillings and suffer 
from toxic effects of mercury-vapour that is emitted 
from the amalgam fillings at body temperature of 
37°C.37, 38 The mercury-vapour consists of mercury in 
elemental form (Hg0) which is non polar, passes 
biological membranes including the Blood Brain Barrier 
(BBB) and accumulates in brain as Hg++ after being 
oxidized by the enzyme Catalase.39 The mercury ions 
(Hg++) show different toxic effects in human body: 

- They bind to SH-groups of cysteine residues in 
proteins and of reduced glutathione (GSH) and 
therefore inhibit enzyme activities and the 
antioxidant capacity of the body. So in many 
organs including brain the energy-metabolism is 
inhibited. The respiratory chain in mitochondria is 
blocked, followed by accumulation of oxygen 
radicals, oxidative Stress and damage of 
mitochondria membranes.40  

- Mercury ions (Hg++) and also ions of other heavy 
metals induce the formation of oxygen radicals and 
oxidative stress in connection with the appearance 
of neurodegenerative diseases.40, 38  

- Even low concentrations of Hg++ of about 0,1 mM 
(millimols) cause axon-degeneration and formation 
of neurofibrills in vitro.41 Low dose exposure to 
mercury is connected with a higher risk of getting 
Alzheimer’s disease.40, 65  

 
Epidemiologic studies have found a connection between 
the number of amalgam fillings in teeth and the risk of 
getting a neurodegenerative diseases such as 
Alzheimer’s Disease, Parkinson Disease, and Multiple 
Sclerosis.39, 38 Other studies have proven the connection 
between exposure to mercury and the risk of getting 
Alzheimer’s disease, see review by Mutter et al. 
(2007).66 In my own observations as censor with patients 
showing typical symptoms of MCS, it was conspicuous 
that they had amalgam fillings in their teeth, and this 
without exception. These observations had been made 
by writing about 30 expert opinions for patients with 
MCS-diagnosis.  
 
The following representations will show that mechanisms 
caused by mercury exposition in their end coincide with 

those following expositions to other neurotoxic 
chemicals.  
 

Oxidative and Nitrosative Stress are key-
mechanisms in neurodegeneration and 
MCS 
The immune-system in the brain consists of specialized 
cells as there are glia cells and astrocytes that are part 
of the blood-brain-barrier and are associated to nerve-
fibres in the brain. Astrocytes play an important role in 
brain-function. They comprise about 35% of cells in 
brain. Their protective function towards brain neurons 
concerns support of energy metabolism and anabolism 
of neurotransmitters. Astrocytes and neurons exchange 
signal molecules by special gap junctions. They form 
functional networks that support the function of synapses 
and the blood-brain-barrier.42 Astrocytes regulate the 
extracellular glutamate concentration in brain and 
therefore inhibit damage of neurons by excitotoxicity 
caused by overstimulation of NMDA-receptors by 
elevated glutamate concentrations. This stimulation 
causes an activation of apoptose-signaling 
(programmed cell death) of neurons. Under normal 
conditions astrocytes regulate activities of immune cells 
of the adaptive and innate immune system to avoid 
inflammation in brain. They produce antioxidant 
substances such as reduced glutathione, thioredoxine 
and metallothioneines to prevent oxidative damage and 
apoptose by reactive oxygen radicals (ROS) and 
peroxynitrite that are formed by inflammation 
mechanisms.43  
 
Under condition of chronic inflammation in brain 
astrocytes and glia cells change their function and 
become pathogenic, especially when chemicals activate 
Toll-like Receptors (TLR) at the membrane of astrocytes. 
Inflammatory cytokines are secreted by glia cells and 
activate pathogenic forms of astrocytes. These cells then 
degrade the gap junctions that are located between 
astrocytes, endothelial cells and neurons. The blood 
brain barrier is damaged, the extracellular glutamate 
concentration rises because of the lack of astrocyte- and 
glia cell- function.44 This leads to the above mentioned 
overstimulation of NMDA-receptors in brain.  
 
The NMDA-receptor is connected to a calcium-channel in 
the membrane of the neuron. Activation of the receptor 
causes influx of calcium-ions into the cell, causing further 
signalling cascades, for example leading to the 
activation of NO-synthases (eNOS, nNOS, iNOS).45, 46 
The NO-synthases degrade the amino-acid Arginine to 
Citrulline under oxidative conditions and the release of 
nitrogen-monoxide (NO):  
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Elevated calcium-concentrations also inhibit enzymes of 
the respiration chain in mitochondria, causing elevated 
production of hydrogen-superoxide (H2O2). Nitrogen-
oxide (NO) and hydrogen-superoxide react to produce 
peroxynitrite (ONOO-) which is highly reactive causing 
different pathogenic effects in the cell: 

• Elevation of the activity of the NMDA-receptor and 
so forming a positive feedback-cycle that leads to 
enhancement of production of NO and 
peroxynitrite. This is because NMDA stimulation 
leads to increases of the iNOS-activity and 
overproduction of NO.47  

• Peroxynitrite damages the blood-brain-barrier so 
that chemical substances and signalling molecules of 
inflammation processes can enter the brain. 

• Peroxynitrite activates the induction-factor NF-kB, 
that induces genes to produce inflammatory 

cytokines such an interferone-gamma (Ifn-γ), 
tumornecrosis-factor-alpha (TNF-α) and interleukine-

1-beta (IL-1β), and so activating inflammation-

mechanisms by the innate immune-system.  

• Peroxynitrite initiates damage of biological 
membranes of neurons and mitochondria by a 
process called lipid-peroxidation63, followed by 
inhibition of the function of mitochondria to produce 
ATP. The organism thus suffers from a lack of 
energy, which is for example a characteristic 
feature of chronic fatigue syndrome/myalgic 
encephalopathy (CFS/ME), an illness often found by 
patients with Multiple Chemical Sensitivity (MCS).45  

• An excess of NO also inhibits the activity of 
cytochrome-p450-monooxigenases, the enzymes of 
phase-I of the detoxification-mechanisms, causing 
accumulation of toxic substances in the body. 
Patients with MCS often suffer from genetic deficits 
in the detoxification-system48, so that inflammation 
mechanisms with elevated concentrations of NO 
enhance the effects of genetic deficits of the detox-
system.  

• NO acts as a retrograde messenger, as it is 
released by the postsynaptic cell after activation of 
the NMDA-receptor.45 It diffuses to the presynaptic 
neuron and activates the release of the 
neurotransmitter glutamate. This mechanism is 
normally supporting learning and memory by 
strengthening the activity of the synapses 
participating in the learning process, but under 
condition of brain inflammation it enhances the 
pathogenic action of glutamate leading to 
excitotoxicity. This is known as activation of 
apoptose signalling by excess of glutamate.19  

 

Consequences of NO and peroxynitrite 
formation 
Damage of membranes of neurons by peroxynitrite 
causes secretion of signalling molecules by the neurons 
that activate microglia, such as glutamate, ADP 
(adenosine-dophoaphate), and signalling proteins like 
HMGB1 (high-mobility group protein 1) und CCL-21 
(Chemokin-Ligand 21). This leads to further activation of 
microglia and their secretion of cytokines of the 

inflammation-reaction such as IL-1β, TNFα, IL-6, IL-12, 

Ifnγ, Fas-Ligand and additional glutamate. So there is 

another feedback cycle that enhances the inflammation 
in the brain. The concentrations of reactive oxygen-
radicals (ROS), Superoxid-Anions, NO, peroxynitrite und 
hydroxyl-radicals rise and inflammation proceeds.49, 50  
 
 Chronic inflammation in brain has consequences for the 
metabolism of neurotransmitters. The cytokines of 

inflammation mechanisms such as IL-6, IL-1β, TNF-α, Ifn-γ 
as inductors activate the gene for the enzyme 
Indolamine-2,3-dioxygenase (IDO), that converts 
tryptophane to kynurenine, that is then degraded to 
chinolinic acid. Chinolinic acid has neurotoxic properties 
and activates NMDA-receptor, enhancing its neurotoxic 
function leading to excitotoxicity.51, 52  
 
 Kynurenine also binds and activates the Ah-receptor 
similar to the action of polychlorinated dioxins and 
biphenyls and enhances their neurotoxic action.53  
 
This is only a small part of all the mechanisms and 
signal-pathways that happen during inflammation as a 
consequence of neurodegeneration in brain, as it has 
been described for Alzheimer’s Disease or Parkinson’s 
Disease (comprehensive reviews see for example Lajtha, 
2007, and Ahmad, 2012).54, 55 As most of these 
mechanisms may also be initiated or supported by 
binding of chemicals to receptors of TRP-type, there is a 
connection to initiation of Multiple Chemical Sensitivity 
(MCS), which appears as another kind of multisystem 
inflammation illnesses.  
 

Pathologic mechanisms in Multiple 
Chemical Sensitivity (MCS) are similar to 
those of neurodegeneration in 
neurodegenerative diseases 
Multiple Chemical Sensitivity (MCS) is listed in the ICD-
Code (International Statistical Classification of Diseases 
and Related Health Problems) as ICD-10 T78.4. 
Although it is not regarded as a disease by official 
institutions of health care in Germany. Hence there are 
many proofs and studies cited for example by Pall45 
that support the fact that MCS is a chronic inflammatory 
multisystem illness.  
 
The initiation of the disease state of MCS is commonly 
self-reported as a single precipitating event of severely 
intoxicating overexposure, or as a chronic exposure to 
lower doses of an environmental pollutant, of a kind 
that may be totally unrelated to subsequent triggering 
molecules acting during the phase of established 
disease.56  
 
MCS is one of the inflammatory multisystem illnesses, 
where the activation of NMDA-receptor plays a central 
role in the mechanism.45 As described above the 
consequence of NMDA- and TRP-receptor activation is a 
chronic inflammation process that is initiated by 
activation of the transcription factor NF-kB and followed 
by production of cytokines of the inflammation reaction. 
Part of the central mechanism of MCS and other 
inflammatory multisystem illnesses such as ME/CFS 
(Myalgic Encephalopathy /Chronic Fatigue Syndrome) 
and Toxic Encephalopathy (TE) is the action of the 
activated induction factor NF-kB, that expresses a 
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feedback cycle with self enhancing activity and results in 
the production of hydrogen peroxide, nitric oxide (NO) 
and peroxynitrite, known as the NO/ONOO—cycle.45 

These pathogenic mechanisms are also known as 
important parts of neurodegeneration mechanisms in 
Alzheimer’s and Parkinson’s Disease as described 
above.49, 50  
 

Evidence indicates that most of the cytotoxicity is 
attributed to peroxynitrite, which is produced from the 
diffusion-controlled reaction between NO and another 
free radical, the superoxide anion. Peroxynitrite 
interacts with lipids, DNA, and proteins via direct 
oxidative reactions or via indirect, radical-mediated 
mechanisms. These reactions trigger cellular responses 
ranging from subtle modulations of cell signaling to 
overwhelming oxidative injury, committing cells to 
necrosis or apoptosis. In vivo, peroxynitrite generation 
represents a crucial pathogenic mechanism in conditions 
such as stroke, myocardial infarction, chronic heart 
failure, diabetes, circulatory shock, chronic inflammatory 
diseases, cancer, neurodegenerative disorders and also 
inflammatory multisystem illnesses such as MCS and 
ME/CFS.57, 45  
 

Pall45 proposed a central mechanism for the exquisite 
sensitivity to organic solvents apparently induced by 
previous chemical exposures in MCS. This mechanism is 
centered on the activation of N-methyl-D-aspartate 
(NMDA) receptors as a consequence of activation TRP-
receptors by environmental chemicals such as organic 
solvents and different pesticides, leading to production 
of elevated nitric oxide and peroxynitrite, leading in 
turn to increased stimulating of and hypersensitivity of 
NMDA receptors. In this way, organic chemical exposure 
may produce progressive sensitivity to these chemicals. 
Pesticides such as organophosphates and carbamates 
act via muscarinic stimulation to produce a similar 
biochemical and sensitivity response. Accessory 
mechanisms of sensitivity may involve both increased 
blood-brain barrier permeability, induced by 
peroxynitrite, and cytochrome P450 inhibition by nitric 
oxide. The NMDA hyperactivity/hypersensitivity and 
excessive nitric oxide/peroxynitrite view of MCS 
provides answers to many of the aspects of MCS.45  
 

A self-enhancing feedback-loop-cycle as a central 
mechanism of inflammatory multisystem illnesses has 
been supported by many different studies in scientific 
literature cited by Pall (2007).45 Therefore it is evident 
that the mechanisms of neurodegeneration of 
Alzheimer’s disease and other neurodegenerative 
diseases such as Parkinson’s Disease correspond to the 
central biochemical mechanisms of chronic inflammatory 
multisystem illnesses such as MCS, ME/CFS (chronic 
fatigue syndrome) and some autoimmune diseases such 
as multiple sclerosis.  
 

Diagnostic imaging by SPECT and PET had shown signs 
of neurodegeneration of patients with MCS-diagnosis.58, 

59 SPECT-analyses of brains of persons that had been 
exposed to neurotoxic chemicals (pesticides, organic 
solvents) have shown a diminished blood flow in 
different areas of the brain, indicating a lowered 
function of these brain areas as consequence of the 
exposition to neurotoxic chemicals.60 Similar results have 

been reported by Mueller et al. (2008, 2000)61, 62 with 
200 patients after exposition to organic solvents, 
formaldehyde, pentachlor-phenol, organophosphate-
pesticides, and mercury. A greater part of these 
patients suffered from toxic encephalopathy and MCS 
simultaneously. These findings suggest that SPECT 
examination of brain blood-flow indicates impaired 
cerebral function following exposition to neurotoxic 
chemicals. Patients with MCS therefore also may be 
involved to neurodegerative processes after exposition 
to neurotoxic chemicals.  

 

Summary and Conclusion 

There are similar pathogenic mechanisms in 
neurodegenerative diseases and Multiple Chemical 
Sensitivity (MCS) that are initiated by exposition to 
environmental chemicals resulting in the activation of 
receptors in the central nervous system (CNS) such as 
TRP- and NMDA-receptors. The activation of these 
receptors leads to accumulation of acetylcholine and 
glutamate in the CNS, initiating noxious signaling in 
neurons and probably ending in the mechanism of 
apoptose of neurons. These events are accompanied 
and supported by chronic inflammation mechanisms in 
brain under participation of glia cells, astocytes and 
macrophages. As a central part of these inflammation 
mechanisms there exists a vicious and self enhancing 
cycle initiated by peroxides, NO and peroxynitrite, 
called „NO-ONOO-Cycle“.45 Once initiated this cycle 
leads to irreversible damages in parts of the brain and 
enhances inflammation mechanisms. Membranes of 
neurons and mitochondria are damaged by 
perioxynitrite and oxygen-radicals in a process called 
radical-chain-reaction.63 This leads to loss of function of 
neurons and mitochondria, causing further cycles of 
inflammation and neurodegeneration in brain. These 
mechanisms result in the lowering of the threshold of 
personal reaction to exposition to environmental 
chemicals, as it is a typical feature of MCS.  

 
In our own experience as censors for patients that had 
been exposed to the wood preservative pentachlor-
phenole, to insecticides of organophosphate-type, to 
vapours of chlorinated organic solvents, or mercury 
emitted by amalgam-fillings in teeth we recognized in 
all cases severe symptoms of MCS accompanied by 
chronic fatigue and cognitive decline. 

 
On the other hand, it should be emphasised that MCS is 
not a neurodegenerative disease, because its course 
mostly does not lead to progressive degeneration of the 
brain. This can be explained by an inhibition of noxious 
vicious cycles after avoidance of further exposure to 
toxic chemicals. This is due to a regeneration of 
antioxidant capacities such as reduced glutathione 
(GSH) that neutralize peroxynitrite and oxygen 
radicals. As a successful therapy supplies of antioxidant 
GSH and vitamins such as vitamin C, alpha lipoic acid, 
and others are strongly recommended.64 This kind of 
therapy seems not suitable for typical progressing 
neurodegenerative diseases such as Alzheimer’s Disease 
or Parkinson.  

 
The described mechanisms of both MCS and 
neurodegenerative diseases and their initiation by 
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environmental chemicals strongly demand prevention 
measures to avoid exposure to toxic environmental 
chemicals such as pesticides used in conventional 
agriculture, organic solvents, fine dust in the air, 
microplastic particles, biocides for wood conservation, 
preservatives and synthetic colours in food, scents in 
detergents, plasticizers in clothes and shoes, and many 
others, by the institutions of public health and 
environmental policy.  
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