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Introduction

Metabolic disturbances

Many substrates and processes orchestrate physiological
damage and repair in tissues and organs depending on
whether equilibrium is maintained or not.

Metabolic disturbances can constitute
a complex medical emergency.

Events that trigger sensory overload are diverse, and may
involve some of the following processes:

The Safe Range Framework is an approach
for optimising nitric oxide (NO) and antioxidant levels,
as well as preventing excitotoxicity.

INFLAMMATION
• Infection and/or auto-immunity

The aim is to resolve inflammation, as well as reduce
neuron-excitability, cell damage and the many downstream
consequences that may result from chronic inflammation.
We need to study inflammatory pathways, immune cell
processes, enzymes, and other molecular interactions
and factors that can be managed through nutrition and
lifestyle options.

• Dysregulated immune responses

Sensory overload

• Modulators of genetic expression

• Dysregulated expression of enzymes
• Local and systemic vulnerabilities

INOS
• Increased levels of NO
• Decreased suppressive function
• Environmental or epigenetic triggers

About 50% of autistics as well as approximately 15% of the
general population experience sensory overload.
Clinical research findings are associated with the increased
prevalence of sensory over-stimulation, as well as increases
in the following markers:
• Aberrant NF-κB activity
• Abnormal activation of neuro-inflammation
• Inflammatory cytokines IL-1β and TNF-α in serum,
plasma, and cerebral spinal fluid
• Chronic neuro-inflammation or encephalitis in different
brain regions
• Chronic over-activation of microglia and astrocytes in
several brain regions
• Metabolite levels associated with oxidative stress and
mitochondrial dysfunction
Presence of one or more of these factors can influence
and potentiate the others, which can lead to excessive
CNS inflammation and destruction of critical CNS tissue.
Sensory overload also impacts on quality of daily life.

RNS AND ROS
• NOS dysfunction
• Oxidative stress
• Nitrosative stress

EXCITOTOXICITY
• Neuronal over-excitation
• Cholinergic
• Glutaminergic
• Nitrergic neuronal loss
• Electrolyte homeostasis
• Increased excitability
• Excessive calcium influx
• Mitochondrial dysfunction
• Predisposition to epilepsy
DEFICIENCIES AND OVERLOADS
• Molecular overloads and intolerances
• Molecular deficiencies
• Hyperactivity of brain regions

Treatment and lifestyle changes
At least 70% of individuals with an AS diagnosis have
microglial activation or neuro-inflammation. Despite this
fact, an AS diagnosis still remains under purely psychiatric
diagnostic criteria. Metabolic disturbances may present as
behavioural challenges, hyperactivity or self-regulation.
Many neuropsychiatric disorders also have metabolic and/
or immunological mechanisms driving clinical pathologies.
The psychiatrist can serve an important role in encouraging
an integrative diagnosis. Treatment as well as lifestyle
changes must be instituted promptly to avoid damage
of neurons or other cell types. Characteristic markers of
immune activation include increased expression of proinflammatory cytokines.
Prognosis depends on accurate diagnosis and management
based on individual vulnerabilities. Holistic, effective and
easy to implement approaches are needed.

GENETIC
• Epigenetic modifications
• Genetic mutations
• Transporter mutations
• Ion channel mutations
• Receptor activator mutations
• Enzyme mutations
• DNA stability

STRESS
• Emotional stress and brain connectivity
• Altered neurological functions
• Alterations in synaptic transmission
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The Safe Range Framework

Safe list
Create a safe list for managing an individual risk profile.

The safe range framework can be used to design an
individualised therapeutic strategy for managing NO
production and neuronal excitation.

IMPORTANT: Use only the ingredients that are on the
personalised safe list. Substitute disallowed ingredient
with suitable ingredients on the safe-list.

The aims is to attenuate dysfunctional inflammation
and neuronal over-excitation in sensory overload. The
Safe Range Framework includes a wide range of food
and beverages and requires optimal ratios within each
individual meal or drink. It was adapted from the Dash diet.
Individuals who need to manage sensory overload may
have limited resources and therefore a need exists for
an approach that is affordable, effective and easy to
implement.
A good understanding is needed of how to minimise the
risk factors that could lead to NO disequilibrium, such
as inflammation, oxidative stress, nitrosative stress and
excitotoxicity. Even without testing it may be possible to
work towards optimising sensory neurology.
An individual safe range approach is aimed at reaching the
following outcome:

Thoroughly assess allergies, deficiencies, overloads,
metabolic breakdown, food and chemical intolerances.
Research all possible contraindications relating to
nutrition and medications. Create an individualised list of
ingredients that are safe and ingredients to avoid. New
foods may cause adverse reactions, therefore supervision
is adviced for evaluating all new ingredients.
• Monitor specific deficiencies and overloads
• Avoid iNOS expression inducers
• Exclude foods that are not tolerated - see Chemical
Intolerances
Precautions: Knowing the status of viral infections is
important, as some ingredients and supplements may
increase viral load, eg. lysine may increase viral load of
HIV. Substitute with suitable alternatives to maintain a
safe ratio.

1. Reduced NO production by inhibiting iNOS
2. Optimised NO production by eNOS

8. Attenuated neuro-endocrine stress responses

SUBSTITUTIONS
Substitute dis-allowed ingredients with one or more items
from the safe list to create an equivalent ratio within the
meal. eg. substitute dairy with goats milk or vegetables
with an item that has a suitable lysine/arginine ratio.
The Safe Range Calculator will be useful for creating meals
or drinks and for making substitutions.

9. Reduced neuronal degeneration

FOOD HYGIENE

10. Achieving and maintaining homeostasis

• Freeze food when possible, rather than storing it in the

3. Reduced nitrosative stress
4. Reduced oxidative stress
5. Reduced superoxide production
6. Reduced signal amplification by NO and superoxide
7. Reduced immune responses

Risk profile
Assess symptoms and biomarkers that may indicate in
which tissues, organs or systems the overload occurs.
Periodic dysregulation may not be present at time of
assessment. Identify as best as possible which metabolic
processes are dysregulated and what are some of the
contributing factors of any upstream or downstream
cascades of dis-homeostasis.
Applicable steps can be implemented simultaneously or
if needed progressively and supervised by a doctor or
dietitian, starting from 1 (on page 3). Other steps may
be added based on increased understanding of local and
systemic vulnerabilities and risk factors.

•
•

•

•

TREATMENT AND LIFESTYLE PLAN
An individualised sensory optimising, NO balancing plan
can be foundational in alleviating psychological challenges,
reduce tissue damage and medical emergencies, optimise
repair and improve quality of life.
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fridge - this prevents bacterial growth and subsequent
histamine production. Once defrosted the food should
not be frozen again.
Rinse tinned foods before use, where possible.
Amines: Select food options that have low levels of
amines. Ripe, matured or fermented foods contain much
higher levels of amines. Confirm whether fish was gutted
and frozen quickly after being caught. Discard any food
that show signs of mold.
Risky levels of histamine: Levels exceeding 2 mg/L in
beverages and 20 mg/kg in foods are considered high.
Most fresh vegetables are very low in histamine, with
levels ranging from 0-16 mg/kg, with notable exceptions.
Conversion to amines: Many yeast and bacteria species
contain the enzyme histidine decarboxylase, which
converts histidine into histamine.

Sensory optimisation

Ratios - Manage specific risk factors

Areas of optimisation:
1. Establish individual safe range
• Assess state of inflammation.
• Establish intolerances/allergies.
2. Optimise the NOS-NO pathway(s)
• Assess deviation from optimal risk/benefit NO
synthesis.
• iNOS inhibition and direct cascades - spectrum of
approaches to inhibit iNOS over-expression where
appropriate.
• Spectrum of iNOS inhibitors: increase variety of iNOS
inhibition
• Concentrations: Inhibitory effects are concentrationdependent.
• Include sufficient selective iNOS inhibitors
3. Enzymatic and substrate equilibrium
• COX-2 inhibition once iNOS enzymes are inhibited
• Anti-oxidants, Optimise sulphation pathways
• NOS Co-factor supplementation
• Arginine supplementation (precautions)
• Arginase inhibition - local, periodic
4. Excitotoxicity
• Neuro-transmission modulation (eg. glycine-taurine)
• Minimal sugar intake
• Avoiding alkaloids etc.
5. Upstream and downstream
• Neurotransmitter and Electrolyte homeostasis
• Emotional and environmental stress reduction
6. Metabolic disturbances and risk factors
• Overloads/Deficiencies
• Chronic infection
• DNA stabilisation and epigenetics
• Genetic mutations
• eNOS dysfunction
• Increased catabolism
7. Repair
• Support repair processes
• Support elimination functions
• Anti-oxidants
8. Medical treatment
• Local vs systemic or combined treatment
9. Diet
• Diet based on individual risk profile
• Options for episodes of NO dysequilibrium
• Periodic/chronic supplementation
• Regular small meals and hydration to avoid catabolism
10. Lifestyle
• Exercise
• Occupational Therapy
• Stress reduction techniques

A large variety of ingredients are included and can be
combined to reach ratios between molecular quantities
that are important for maintaining NO equilibrium.
• Lysine and other iNOS inhibitors
• Anti-oxidant
• Arginine
• Fibre
• Hydration
• Low Sugar
• Low fat
• Low proteins
• Limited COX-2 inhibitors
• Only from safe list
Resolving Inflammation, avoiding triggers
• iNOS and COX-2 inhibitors - like herbs
• Exclude food that are not tolerated
• Sufficient dietary fibre

nNOS-NO overload due to neuronal overexitation
• Reduced sugar intake
• Reduced amine intake - Amines amplify glutaminergic

neurotransmission, thereby increasing nNOS production
of NO or superoxide
Oxidative stress and Nitrosative stress
• Antioxidants
• NOS co-factors and substrate (arginine)

Deficiencies and overloads
• Vitamins, minerals, other
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BREAKDOWN

Homeostatic equilibrium
Safe Range: Pro-homeostatic ratios
When consuming arginine, anti-oxidants, iNOS inhibitors
and COX-2 inhibitors it is important to adhere to high prohomeostatic ratios. Increase these ratios even further,
while monitoring arginine intake during times of severe
inflammation and oxidative stress.
Maintain high ratios of the following:
• Anti-oxidants >: Arginine
• When consuming arginine it is crucial to reduce
oxidative stress to reduce NRS formation.
• iNOS inhibitors >: Arginine
• Arginine consumption increases iNOS activity, and
subsequently NO levels. Reduce iNOS activity with a
spectrum of selective iNOS inhibitors and suppress
iNOS-inducing IL-1β cytokines.
• iNOS inhibitors >: COX-2 inhibitors
• COX-2 and iNOS inhibition needs to be correlated as
such that iNOS is inhibited more potently.
• Carefully manage food items and medications that
contain COX-2 inhibitors.
During episodes of increased inflammation, increase the
above ratios.

Every meal, snack, beverage and
supplement needs to maintain safe range

The percentages in the graph for food groups are based on
volume, not weight.
• Quantities need to be increased/decreased to be suitable
for the individual’s weight/height, while maintaining safe
ratios among groups.
• When inflammation and excess RNS and ROS are
resolved, fat intake can be increased slightly.
• The general rule in column 3 below does not apply to
all items in a food group, therefor outliers need to be
considered.
Food group

Provides

Generally

Low-fat dairy
products

Lysine
Arginine

Inhibits iNOS
Supports eNOS

Lean meat, fish,
poultry

Lysine
Arginine

Inhibits iNOS
Supports eNOS

Fruits,
vegetables

Anti-oxidants
Anti-inflammatory
Arginine
Lysine

Reduce ROS
Inhibits iNOS
Supports eNOS
Inhibit COX-2
Provides Fibre

Grains

Arginine

Supports eNOS

Seeds and nuts

Arginine

Supports eNOS

Limits sodium if
necessary

Pro-homeostatic properties can be estimated
or calculated precisely using the meal calculator.

It is recommended that very sensitive individuals use a
meal calculator to balance meals, snacks and beverages.

Supports eNOS
Reduce renin
secretion

4

PLANNING

Safe Range Calculator

A qualified dietitian can develop a Safe Range plan
according to individual inflammatory and neurological
status, tolerance thresholds and to address metabolic
requirements, deficiencies and overloads.
• Create a safe list
• Create meal plans for meals, snacks and hydration
• Create a shopping list for getting fresh ingredients twice
a week
• Keep monitoring and updating the regimen
• Prepare a safe range approach for all eventualities by
increasing safe ratios
• Acute illness
• Recovery
• Maintenance

The Safe Range Calculator will be an online app for easily
putting together a meal, snack or beverage that contains
a safe range balance among ingredients - to manage
an individual’s risk profile. It calculates ratios based on
molecules typically found in ingredients.
The calculator will display the following:
• Capture individual risk profile
• Pie chart of how ingredients make up the meal
• Prompts about which molecules are lacking
• The total ratios among molecules
• Simple recipes for meals, beverages and snacks
• A twice-weekly shopping list based on meal plan
Here is a link to an experiment which will be kept updated
with the latest developments.
http://fluxes.net/downloads/meal-optimiser-experiment

SUGGESTIONS
• Limit deli food - smoked or processed meats
• Limit rice and spinach, in acute phase avoid potato
• When possible, make extra portions to freeze
• Freeze a complete, balanced meal to grab-and-go
• Consume fruit juice and dried fruit only occasionally and
in small amounts.
• Limit use of these ingredients: salted, dried, fermented
or pickled vegetables
• To better tolerate beans and legumes - prepare according
to special instructions
• Enhance flavour with herbs, spices, vinegar, onions,
ginger, lemon, garlic or garlic powder
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Nitric Oxide (NO)

organs, including the stomach, small intestine, large
intestine, and urinary bladder.
• Penile erection: NO action results in engorgement of
the spongy tissue of the penis with blood.
• Menstruation and implantation: NO plays an important
role in endometrial functions such as endometrial
receptivity, implantation and menstruation. iNOS
is found in the endometrial epithelium during
menstruation, in immunocompetent endometrial cells,
and in decidualised stromal cells. NO may be involved
in the initiation and maintenance of menstrual bleeding
by inducing tissue breakdown and vascular relaxation as
well as by inhibiting platelet aggregation.

N2O

NO can diffuse into cells. It is a free radical with complex
redox chemistry. Its average half-life is 3 seconds. NO can
modify all biological molecules. NO can regulate biological
processes by virtue of its highly reactive nature. NO further
promotes inflammation.
NOS-NO PATHWAYS
The NOS enzymes synthesise NO from L-arginine,
oxygen (O2), NADPH, and tetrahydrobiopterin (BH4) in a
series of reactions. A precursor of L-arginine is L-citrulline
(in eg. watermelon).

NEUROTRANSMISSION
NO is also released as a neurotransmitter in the brain.
Unlike other neurotransmitters, NO is not stored in
synaptic vesicles - it is produced immediately when
Ca2+ enters the axon terminal in response to action
potentials.

OTHER-NO PATHWAYS
• Glutamate is an initiator of a reaction that forms NO.
• Nitrate-NO and other NO pathways

• Nitrergic neurons: NO is released by nitrergic neurons

NO can be seen as a double-edged sword. NO can
contribute to either cell death or survival. Depending on
local NO concentrations, it expresses either beneficial
or harmful effects. The therapeutic challenge is to
manage NO pathways as to optimise the risk/benefit
ratio.

•
•

NO is involved in regulation of cardiovascular, nervous, and
immune systems. NO plays an important role regulating
cellular adaptation, controlling a range of processes in the
body, including intracellular signalling, immune function,
tissue turnover, expression of antioxidant enzymes, and
cellular inflammation. NO is involved in learning, memory,
behavioural processes and cognition. Active PKG signalling
is responsible for many of the effects of NO.

•

•
•

CONSTITUTIVE FUNCTIONS
• Ion channel modulation: NO acts through cGMP-

•
•
•

•

•

dependent pathways, on ion channels and ion
exchangers with directly modulating effects on
membrane excitability
Kidney regulation: A balance between NO and
O2− regulates normal kidney function
Anti-tumoral: At specific concentrations NO is antitumoral, inducing tumour regression
Modulator: NO is an endogenous modulator of
numerous physiological functions: cyto-protection,
anti-oxidant activity, immune functions, such as mast
cell degranulation.
Signalling: NO is an important messenger in the CNS and
many organ systems. NO from diet adds to complexity of
NO signalling. Signalling pathways respond differently to
NO depending on its concentration. Different types of
cells respond differently to NO exposure.
Smooth muscle relaxation: Autonomic neurons cause
smooth muscle relaxation in their target organs. Ca2+
indirectly triggers production of NO from nNOS. NO
then diffuses across the synaptic cleft and promotes
relaxation of the postsynaptic smooth muscle cells.
NO can produce relaxation of smooth muscles in many

•
•

•
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that innervate the gastrointestinal tract, penis, as well as
pelvic, perineal, genital nerve terminals.
Parasympathetic axons use NO as their neurotransmitter.
NO is a modulator and neurotransmitter of excitatory
NMDA (glutamate) neurotransmission. NO interact with
nitrergic receptors on cholinergic neurons.
Gaba inhibition modulator: NO negatively regulates
extracellular GABA. At post-synaptic level, NO acts as a
reducer of strength of inhibition of GABA-ergic synaptic
transmission. This enables fine tuning of information
processing. GABA up-regulation may be counter
regulatory due to regulation by NO.
Modulates extracellular dopamine concentrations
NO plays a role in regulating anxiety. Amygdala
dependent fear conditioning requires NO signalling.
Nitrergic transmission is important in the limbic
structures and basal ganglia.
NOS1 is implicated in regulation of impulsive or aggressive
behaviour. ADHD - reward-related impulsivity.
NO-mediated retrograde messaging is prerequisite
for long-term-potentiation-(LTP)-dependent learning
mechanisms. Arginine deficiency impairs spatial
learning.
A functioning NO system needs to be present to for
social behaviour and cognitive functioning.

CARDIAC

CAUSES OF REDUCED LEVELS OF NO
• Arginine deficiency - dietary, decreased cellular uptake
• Deficiency of eNOS cofactors, such as BH4 deficiency
• Alteration in signalling pathways
• Inhibition or uncoupling of NOS
• iNOS and/or nNOS over-expression
• Increased catabolism

• Increased cardiomyocyte metabolism - muscle cells

(myocytes) that make up the cardiac muscle
• Improved cardiac diastolic function

VASCULATURE
• Maintenance of vascular homeostasis
• Regulates blood pressure, reduce vascular permeability
• Platelet aggregation inhibitor
• Decreases leukocyte adhesion
• Vasodilatation: NO is a potent, locally acting vasodilator
in blood vessels produced by eNOS. NO accounts for
the biological activity of endothelium-derived relaxing
factor (EDRF) - responsible for acetylcholine-induced
vasodilatation. Vasodilation of cerebral arteries.
• Neurovascular coupling: NO emerged as a mediator
of neurovascular coupling. Neurovascular coupling is
an active mechanism through which vessel diameter is
enlarged in response to increasing metabolic demands
imposed by neuronal activity; it is of vital importance in
preserving the structural and functional integrity of the
brain - Glutaminergic activation mediates release of NO
and the coupling between neuronal activity and cerebral
blood flow.

HARMFUL EFFECTS
Pathologies of the NO pathway have been implicated in
almost every major neuropsychiatric disorder.
• High concentrations of NO have neurotoxic effects. NO

•
•
•
•

GASTRO INTESTINAL TRACT
• Motor control
• Sensation, urgency
• Anti-viral, anti-bacterial effects
• Regulation of GIT voiding
• Regulation of GIT peristalsis
• Regulation of antral motor activity
• Regulates alkaline production
• Regulates acid and gastric mucus secretion
• Modulation of intestinal smooth musculature tone
• Involved in maintenance of mucosal blood flow
• NO is the most important mediator in non-adrenergic,
non-cholinergic relaxation of the gastrointestinal tract.
• Demonstrates gastro-protective properties against
different types of aggressive agents - protecting the
GI mucosa from a variety of noxious stimuli through
maintenance of mucosal perfusion.

•

•

has been implicated in neurotoxicity associated with
stroke and neurodegenerative diseases.
High concentrations of NO signalling derived from iNOS
have pro-inflammatory properties.
High concentrations of NO relate to numerous
pathological processes in the gastro-intestinal tract.
High concentrations of NO potentiate DNA damage by
inhibition of DNA repair mechanisms.
Nitrergic signalling: NO diffusion into cells cannot
be constrained and the spill-over into the nervous
system provides potential pathological sources of NO.
Abnormal NO signalling contributes to a variety of
neurodegenerative pathologies such as intellectual
disabilities, excitotoxicity, Alzheimer’s disease, multiple
sclerosis and Parkinson’s disease.
NO can modify protein function by nitrosylation
and nitrotyrosination, contributes to glutamate
excitotoxicity, inhibits mitochondrial respiratory
complexes, participate in organelle fragmentation,
and mobilize zinc from internal stores in brain cells,
contributing to neurodegeneration.
Stressful situations activate nitrergic neurons. NOS1
inhibition selectively impairs learning under stressful
conditions.

NO react with ROS, to form peroxynitrite, a highly
reactive species contributing to oxidative damage and
protein nitration.

OTHER
• Inflammation
• Mediates mitochondrial oxygen consumption
• Electrolyte homeostasis: Potassium
• Regulation of bronchomotor tone
• NO can bind to cysteine residues of specific proteins

(i.e., S-nitrosylation) and alter their function, thereby
facilitating specific biological processes.

7

Reactive Nitrogen Species (RNS)

Arginine
C6H14N4O2

Nitrosative stress due to elevated RNS nitrosylation
occurs in many pathological conditions.
• RNS: RNS include NO, Nitrite, Nitrogen dioxide (NO2),

peroxynitrite (OONO-), Nitrosamines
• S-nitrosylation: Reactive nitrogen-oxygen species
modify macromolecules like amino acids. They
undergo nitrosylation yielding nitrosamines eg.
Tyrosine nitrosylation yields 3-nitrotyrosine (NO2-tyr).
Nitrosylation of signalling proteins is a key contributing
factor to signalling dysregulation leading to disease
formation.
• Superoxide nitration: When NO reacts with O2−
(superoxide/peroxide), the reaction yields a toxin called
peroxynitrite (ONOO−). Peroxynitrite damages nerve
terminals and interferes with mitochondrial respiration
and then, through releasing zinc from intracellular
stores, it elicits additional mitochondrial damage.
• Lipid nitration: Oxidizing lipids that interact with NO,
nitrite and peroxinitrite, are thereby converted into
toxic pro-oxidant species leading to injury in tissues, eg.
vasculature.

Arginine is a conditionally essential amino and a necessary
substrate in one of the NO pathways. Arginine can be
formed endogenously, although dietary intake contributes
to the body’s supply and may address deficiencies or
alterations in arginine metabolism.
CONSTITUTIVE FUNCTIONS
• Precursor to NO
• Involved in the renin angiotensin system - blood pressure
•
•
•

Nitrite

•

NO2-

•

Peroxinitrite
NO3-

Formation of peroxynitrite from NO and O2− has been
implicated in the pathology of a large number of conditions
involving oxidative stress such as atherosclerosis.
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homeostasis
Partially regulates insulin secretion - vascular health
Substrate for protein synthesis - polyamines, proline,
glutamate, creatine, agmatine
Arginine availability reduces free radical (O2−, ONOO−)
generation.
Arginine prevents oxydation of the redox sensitive
enzyme dimethylarginine dimethylamino-hydrolase
(DDAH), increasing the breakdown of asymmetrical
dimethyl arginine (ADMA) and thereby reducing
competitive inhibition of arginine uptake.
May block progression of atherosclerotic lesions

ARGININE DEFICIENCY

renal cell carcinoma have reduced plasma arginine and
also reduced levels of the CD3zeta chain of the T cell
receptor complex. GCN2 kinase stress response pathway
has been observed as a consequence of arginine
deficiency in different cell types indicating that this is an
important NO-independent mechanism of response.

Arginine deficiency can disrupt many cellular and organ
functions. It is a risk factor for morbidity and mortality in
some conditions. Arginine is an essential precursor for the
synthesis of proteins and other molecules of enormous
biological importance.

NOTES
• The context in which arginine deficiency occurs, eg.
presence or absence of haemolysis, is important in
determining the pathophysiologic consequences of the
deficiency.
• There are conditions in which a (local) arginine-deficient
state may be desirable. For example, some tumour cells
are auxotrophic for arginine and undergo cell cycle
arrest and apoptosis in response to arginine deprivation.
Thus administering recombinant mammalian arginase
or microbial arginine deiminase to create local arginine
deficiency is being explored as part of therapeutic
strategies for some types of cancer.

CAUSES OF ARGININE DEFICIENCY
• Diet deficient of arginine
• Decreased rate of endogenous arginine synthesis
• High cholesterol diet and high fat diet may be associated
•

•

•
•

with low arginine bioavailability.
Breast-milk: Concentration of nutrients in breast
milk undergo alterations, probably to satisfy the
requirements of the nursing infant for arginine. Milk
formula may contain insufficient arginine or citrulline.
Arginase enzyme: Increased catabolism of arginine,
usually via arginase. Activity of arginase, catalyses
the conversion of L-arginine to L-ornithine and urea,
thereby decreasing the availability of L-arginine.
Localized increases in arginase activity - particularly in
macrophages in infection and inflammation.
Injury: Arginine deficiency after physical injury is an
important clinical syndrome
Sepsis: Plasma arginine concentrations are reduced
in sepsis in the absence of trauma or surgery. In
severe sepsis plasma arginine concentrations may be
significantly reduced.

APPROACHES
Arginine supplementation: Precaution
Under conditions of iNOS or nNOS over-expression or
excitotoxicity, increasing arginine intake might result
in elevations in homocysteine, ADMA and ROS. By
increasing NO production in an oxidative environment,
the nitrogen radical, peroxynitrite, may be overproduced
resulting in increased local oxidative stress. Serum
from diabetic patients treated with arginine showed
significantly more superoxide production than serum of
control subjects. Arginine should be used with caution
due to this ability of NOSs to produce harmful radicals.
Taking arginine in combination with an antioxidant (eg.
taurine and others) and NOS co-factors may overcome
this potential to increase oxidative stress.

HARMFUL EFFECTS
• Endothelial dysfunction
• Blood pressure increases
• Toxin formation: During l-arginine, superoxide (O2) is
produced by all the NOS enzymes.
• Asthma: Decreased plasma arginine has been reported
in Asthma. Elevated plasma arginase does not always
correlate with decreased plasma arginine in asthma arginase may not be active.
• Organ damage: Arginine deficiency associated
haemolysis of red blood cells or liver damage - elevated
plasma arginase levels may be an important marker for
organ damage or disease.
• Cerebral creatine deficiency: Arginine is one of the
precursors of cerebral creatine (Cr). Arginine deficiency
may lead to Cr deficiency which results in mental
retardation, speech and language delay and epilepsy.
• Sickle cell: Circulating levels of arginine are significantly
reduced in sickle cell patients. Global arginine
bioavailability ratio (GABR) represents an independent
risk factor for morbidity and mortality in sickle cell
patients and also are correlated with pulmonary
hypertension.
• Immunosuppression: Arginine deficiency impairs the
mitogen-activated protein kinase signalling pathway
required for macrophage production of cytokines in
response to bacterial endotoxin/lipopolysaccharide.
• T-cell dysfunction: Arginine deficiency can activate
a stress kinase pathway that impairs function of T
lymphocytes. Expression of the CD3zeta chain of the T
cell receptor complex becomes reduced. Patients with

• Precaution: Erections: Arginine supplementation may

result in dangerously prolonged erections.

• Arginine: A significant portion of oral arginine

supplements are catabolized by the small intestine
before it is released into the portal blood. It may also
result in gastrointestinal discomfort. Citrulline may be a
safer option.
• Citrulline: Citrulline supplementation may efficiently
increases plasma arginine concentrations without side
effects.
• Arginase inhibitors: If elevated arginase activity is the
cause of arginine deficiency, this might present a course
for treatment.
• Controlled supplementation with l-arginine can
reverse increased adhesiveness of monocytes in
hypercholesterolia.
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HARMFUL EFFECTS
• Arginine deficiency
• Upregulates Uric Acid Cycle

Arginase

MARKERS
• Precaution with samples: Take care with collection and
processing of blood samples to minimize catabolism
of arginine following collection. Enzymatically active
arginase I in red blood cells is released upon haemolysis,
and remains active once released in the plasma.
Improper handling of samples can result in artifactually
low plasma arginine values. For patients with chronic
haemolytic diseases this is of particular concern.
• Precaution for stored blood: Extracellular levels of
arginase gradually increase over time in stored human
blood, which may result in decreased values of plasma
arginine in blood samples taken shortly after transfusion,
depending on the volume of transfused blood and length
of storage prior to transfusion. More importantly, the
arginase, haemoglobin and other cellular components
released in stored blood over time have the potential
for detrimental effects in patients transfused with blood
that has been stored for long periods
• Note that elevated plasma arginase is not always
associated with reductions in plasma arginine, because
the arginase in plasma may not always be active - it may
be inactive or inhibited.

Assembly
• 3 copies Arginase-1
• 6 copies of Manganese
Reaction catalysed:
L-arginine + H(2)O = L-ornithine + urea.

It hydrolyses arginine to ornithine and urea. Two arginase
isozymes are expressed.
• Arginase I, which is cytosolic and expressed at high
levels in liver
• Arginase II, which is mitochondrial and expressed in
moderate levels in kidney
Healthy individuals have low plasma arginase levels.
Arginase is inducible by a variety of stimuli, depending on
cell type. Various conditions result in elevated arginase
activity.

ARGINASE INHIBITION

CONSITUTIVE FUNCTIONS

• Arginase deficiency is rare and associated with severe

cerebral oedema.
• Manganese deficiency reduces arginase activity,
associated with childhood asthma.
• Hyper-ammonemia - An enzymatic block in the urea
cycle, for example arginase deficiency, results in the
accumulation of excess ammonia which has toxic effects
most severe in the central nervous system causing
cerebral oedema and neural damage.

• Key enzyme in urea synthesis in the liver
• Regulates

intracellular arginine availability, which
modulates levels of NO, creatine, creatinine and many
physiologic processes.

ELEVATED ARGINASE
• Conditions that can elevate arginase: Sickle cell disease,
Asthma, Malaria, Cystic fibrosis, Myocardial infarction,
liver transplant, liver disease, preeclampsia, paroxysmal
nocturnal haemoglobinuria, oxidative stress, increased
uric acid.
• Normal pregnancy: Arginase activity is elevated in
neutrophils of pregnant women and in term placentas.
(Temporary suppression of the immune response during
human pregnancy). Excessive increases in plasma or
tissue arginase may contribute to development of
preeclampsia.
• Damage to the liver: The liver contains the largest
amount of arginase I in the body. Damage that results
in elevated plasma levels of transaminases or other liver
enzymes also will result in elevated plasma levels of
arginase I
• Chronic haemolytic anaemias: High levels of arginase
are found in plasma of individuals with chronic
haemolytic anaemias, like sickle cell and paroxysmal
nocturnal haemoglobinuria. (see arginine deficiency)
• Malaria: Malaria has similarities with sickle cell disease
- increased haemolysis, increased plasma arginase,
endothelial dysfunction and reduced plasma arginine
concentrations - but not as great as in sickle cell disease.
• Underlying illness such as an infection or dehydration
results in a state of catabolism.

All urea cycle disorders may present severe metabolic
crisis or a more chronic neurobehavioral course.
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Nitric Oxide Synthase

NOS dysfunction

There are three isoforms of Nitric Oxide Synthase (NOSs)
are eNOS, iNOS and nNOS. They generate NO through
oxidation of L-arginine to citrulline. Expression of the NOS
enzymes are generally constitutive, such as physiological
signalling, maintenance functions and immune responses.
The structure of the different NOS isoforms differ
substantially from each other.
• Endogenous - eNOS
• Neuronal - nNOS
• Inducible - iNOS
eNOS and nNOS are constitutively expressed and activity
is dependent on intracellular calcium levels. iNOS is active
for much longer and produces much higher concentrations
of NO.

Each isoform of NOS (iNOS, nNOS and eNOS) play a unique
role in sensory overload, as well as upstream, downstream
or co-morbid conditions. Activity of all the NOS isoforms is
dependent on the binding of calmodulin.
NOS uncoupling
Malfunction of the NOS NO pathway increases oxidative
stress and perpetuate the loss of bioavailable NO.
• NOS uncoupling: When these enzymes uncouple, they

produce superoxide radicals (O2−). As monomers, NOS
produce O2− instead of NO−.
• ROS: NOS enzymes uncouple when they are exposed
to ROS
• Deficiencies of co-factors: BH4 and other co-factor
deficiency results in increased ROS production
• L-arginine deficiency: As homodimers, significant
O2− production occur when the effective concentrations
of l-arginine falls below levels required to saturate the
enzyme.
• Superoxide interacts with nitrites to form Peroxynitrite
- a potent free radical that causes
• Tissue destruction
• DNA damage
• NMDA singal amplification
• Arginine deficiency or excessive catabolism of arginine
due to arginase activators

CONSTITUTIVE EFFECTS
• NO production
• GIT voiding and motility
• Birth - ripening of the cervix
• Host defense response to pathogens
• Menstrual cycle
• Inflammation
• Erection

iNOS in Macrophages (dark blue)

APPROACHES
• Administration of sepiapterin, a precursor of BH4, could
restore BH4, NO production, and the cellular redox state,
and stop superoxide production.
• BH4 supplementation
• Supplementation with other co-factors

BH4

C9H15N5O3
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eNOS

Endothelial dysfunction
Endothelial dysfunction is associated with reduced NO
bioavailability. Endothelial dysfunction promotes an
increase in the generation of O2− leading to an enhanced
NO inactivation and increased peroxynitrite production,
leading to aneurysm formation and to obstruction or
destruction of the vessel.
• Substrate or co-factor deficiency - due to diet or
metabolic breakdown
• Substrate or co-factor deficiency due to competitors
like iNOS, nNOS and Arginase, catabolism
• Endothelial dysfunction increases the iNOS pathway
leading to an excess in NO production that causes
tissue damage. This is also associated with generation of
peroxynitrite (ONOO−).
• Dysfunction in the production and/or the bioavailability
of eNOS derived NO characterizes endothelial
dysfunction, which is associated with cardiovascular
diseases such as hypertension and atherosclerosis
• Endothelial dysfunction and reduced glutathione is
associated with the progression of aortic aneurysms.

ASSEMBLY
• 2 copies of Nitric Oxide Synthase, endothelial
• 2 copies of Arginine
• 2 copies of Protoporphydrin IX Containing FE
• 2 copies of Acetate ion
• 4 copies of 2-[BIS-(2-Hydroxy-Ethyl)-amino]-2Hydroxymethyl-Propane-1,3-Diol
• 3 copies of Glyserol
• 1 copy of Zinc ion
• 2 copies of 5,6,7,8-Tetrahydrobiopterin
• 2 copies of Gadolinium atom

Under conditions of decreased eNOS activity,
iNOS might substitute the synthesis of NO.

Reaction catalysed:

APPROACHES

2 L-arginine + 3 NADPH + 4 O(2) = 2 L-citrulline + 2 nitric
oxide + 3 NADP(+) + 4 H(2)O.

• Aerobic exercise may increase NO bio-availability
• Check for deficiencies in substrate or cofactors

eNOS catalyzes the conversion of arginine to NO in the
presence of cofactors tetrahydrobiopterin, flavin adenine
dinucleotide (oxidized), flavin mononucleotide, heme and
NADPH. Partly regulated by insulin.
• eNOS produces small amounts of endogenous NO.
• Ca2+ and calmodulin levels regulate eNOS and nNOS.
• eNOS-NO mediates acetylcholine-induced vasodilatation
• Endogenous NO is responsible for regulation of vascular
tone

• Modulation of competitor activity
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nNOS

Glutamate excitotoxicity

ASSEMBLY
• 2 copies of nitric oxide synthase, brain
• 5 non-polymeric entities
• 2 copies of PROTOPORPHYRIN IX CONTAINING FE
• 2 copies of 5,6,7,8-TETRAHYDROBIOPTERIN
• 3 copies of 7-[[4-CHLORANYL-3-(METHYLAMINOMETHYL)
PHENOXY]METHYL]QUINOLIN-2-AMINE
• 1 copy of GLYCEROL
• 1 copy of ZINC ION

Glutamate is the major excitatory neurotransmitter
responsible for neuronal growth, axon guidance, brain
development, maturation, and synaptic plasticity.
Excessive release of glutamate plays a prominent role in
various neurodegenerative disorders.
NO concentration: nNOS hyperactivity due to excessive
Ca2+ influx

Glutamate acts mainly through NMDA receptors. Upon
NMDA receptor activation, calcium influx through
activated NMDA receptors will activate nNOS and produce
NO.
Glutamate excitotoxicity leads to rapid overloading of Ca2+
through NMDA receptors, which excessively activates
nNOS, resulting in high concentrations of NO. Excitotoxicity
and calcium overload are major sites of neuronal damage.
Influx of excessive Ca2+ into mitochondrial matrix
propagates
increased
mitochondrial
membrane
permeability and decreased mitochondrial energy
metabolism - energy metabolism is recognized as one of
the fundamental processes necessary for the maintenance
of neuronal structures and functions.
Ca2+ influx into cells activates a number of enzymes,
including phospholipases, endonucleases, and proteases
such as calpain. These enzymes damage cell structures
such as components of the cytoskeleton, membrane, and
DNA. Additional calcium is mobilised from intracellular
stores.

Reaction catalysed:
2 L-arginine + 3 NADPH + 4 O2 = 2 L-citrulline + 2 nitric
oxide + 3 NADP+ + 4 H2O.

Under normal conditions, nNOS is active for a short time in
response to intracellular Ca2+ fluctuations. Excitotoxicity
results in nNOS hyperactivity, causing NO levels to rise
rapidly - leading to nerve damage and untimely death of
neurons.

Excitotoxicity: NNOS HYPERACTIVITY
Excessive stimulation of receptors, such as NMDA,
Nicotinic or Nitrergic receptors, by excessive amounts
of neurotransmitters for a prolonged time results in
excitotoxicity. Excitotoxic conditions lead to nNOS
hyperactivity, resulting in concentrations of NO that
are toxic to neurons. Excitotoxicity is the pathological
process of neurodegeneration. Loss of mitochondrial
function causes depolarization of neuronal membrane,
which exposes receptors to increasing levels of
neurotransmitters.

• Activation of GABA receptors decreases neuronal

vulnerability to excitotoxic damage
• Precaution: in the forebrain glycine promotes the
excitatory actions of glutamate
• Depleted levels of reduced glutathione is a risk factor
to the free-radical damage associated with glutamate
excitotoxicity
• Glutaminergic excitotoxicity can be caused by factors
such as superoxide overproduction, NO overproduction,
overconsumption of sugar, taurine/glycine deficiency,
magnesium deficiency, glycine overload in the forebrain.
HARMFUL EFFECTS
Perturbations in Glutamate neurons may underlie
pathogenic mechanisms in eg. Alzheimer’s hypoxiaischemia, epilepsy, chronic neurodegenerative disorders.
• Nitrosative stress, Mitochondrial dysfunction
• Increasing glutamate levels, from lack of glutamate
uptake or glutamate release from glial cells, induces
synaptic dysfunction.
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APPROACHES
• Glutamate excitotoxicity is time- and concentrationdependent and could be specifically blocked by
glutamate receptor antagonists.
• Taurine and basic fibroblast growth factor (bFGF)
but not BDNF differently regulate and preserve the
mitochondrial energy metabolism in the presence of
glutamate. Taurine affects the duration of the maximal
response. The neuroprotective role of taurine and bFGF
is enhanced by their collaboration.
• Taurine prevents calcium overload - control of
intracellular calcium concentrations is a fundamental
process in neuronal survival and function.
• The enzyme glutamic acid decarboxylase (GAD),
which is found almost exclusively in GABAergic neurons,
catalyzes the conversion of glutamate to GABA. GAD
requires a cofactor, B6 (pyridoxal phosphate), for activity.
Because pyridoxal phosphate is derived from vitamin B6,
a B6 deficiency can lead to diminished GABA synthesis.
• Memantine acts at the NMDA receptor to lower the
pathologically increased toxic level of excitation of the
glutamatergic synapse at rest - however, it disrupts
cognitive flexibility, and impair memory and locomotor
behaviours.
• Diamine oxidase (DAO): Histamine occurs in foods to
varying degrees and when immune cells are triggered
they release histamine. Diamine oxidase (DAO) is an
enzyme that rapidly breaks down histamine. Extracellular
histamine is broken down by secretory DAO. Intracellular
histamine is broken down by N-methyltransferase.
Persons with low DAO activity are at risk of histamine
toxicity that can lead to Glutamatergic excitotoxicity by
modulating NMDA receptors.

NITRERGIC NEURONAL LOSS
Loss of nitric oxide synthase (NOS)-expressing nitrergic
neurons. Inhibitory nitrergic neurons are susceptible to
injury in conditions such as diabetes and inflammation
and excitatory, cholinergic neurons during the inability to
buffer RNS or ROS like superoxide.
HARMFUL EFFECTS
• GIT Enteric dysmotility

APPROACHES
• Approach to treatment could be in restoring the
inhibitory, mainly nitrergic, elements of the myenteric
plexus, which could be accomplished by transplantation
of neuronal precursors to replace the missing
population. eg. stem cells could be transplanted into the
GIT wall to replace the damaged or absent neurons and
glia of the ENS
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CHOLINERGIC EXCITOTOXICITY

iNOS - Inducible Nitric Oxide Synthase

Acetylcholine (ACh) is widely distributed in the nervous
system and plays a critical role in cerebral cortical
development, cortical activity, and learning and memory
processes. Cholinergic neurons in the brainstem and
basal forebrain project axons to many areas of the brain.
All functions of the cholinergic system are controlled by
the interaction of ACh with two families of receptors:
muscarinic ACh receptors (mAChRs) and nicotinic ACh
receptors (nAChRs)
Optimising the cholinergic pathway exerts antiinflammatory effects in several diseases, such as
rheumatoid arthritis, inflammatory bowel disease, sepsis,
and cardiovascular diseases. Nicotinic ACh receptors
(nAChR) has been shown to possess anti-inflammatory
properties in macrophages.
Acetylcholine (ACh) can act as a powerful excitotoxic
neurotransmitter in the brain.
• Glutamate: Excitatory amino acids are common
mediators of cholinergic excitotoxicity. Glutamate
stimulates inositol lipid signalling in several neuronal cells
and, therefore, underlines the significance of inositol
lipid signalling in cholinergic-induced excitotoxicity.
Anatomical distribution of cholinergic brain damage
correlates well with that of glutaminergic neurons.
Glutamate increases the levels of free intracellular
calcium, the production of reactive oxygen species, and
causes the depletion of neuronal glutathione.
• Cholinergic excitotoxicity can be triggered by
cholinergic-induced brain phosphoinositide signalling.
Through G-protein(s), Ach stimulates phospholipase C
and causes the hydrolysis of a membrane phospholipid,
phosphatidylinositol-4,5-bisphosphate to two second
messengers, inositol-1,4,5-trisphosphate (ins-(1,4,5)-P3),
and diacylglycerol. Ins-(1,4,5)-P3 is important in
cholinergic neuronal stimulation, and injury.
• Convulsions: Cholinergic agonists cause tonic-clonic
convulsions which may be either transient or persistent.
Even short-term cholinergic convulsions may be
associated with neuronal injury, especially in the basal
forebrain and the hippocampus. Cholinergic-induced
convulsions elevate levels of brain Ca2+ which precede
neuronal injury. Once initiated, cholinergic convulsions
cannot be stopped with cholinergic antagonists such
as atropine even though they are effective when given
prior to a cholinergic agonist. Glutaminergic antagonists,
and GABAergic agonists, are effective in the attenuation
of ongoing cholinergic status epilepticus.
• Cholinergic excitotoxicity can be significantly increased
by Acetylcholinesterase inhibitors such as alkaloids
from nightshade plants
• Phenol overload as well as electrolyte dysregulation
can contribute to excitotoxicity.

ASSEMBLY
• 4 copies of iNOS
• 2 copies of Sulfate ion
• 2 copies of Zinc ion
• 4 copies of Protoporphyrin IX Containing FE
• 4 copies of 5,6,7,8-Tetrahydrobiopterin
• 4 copies of Arginine
• 4 copies of Glyserol
Length: 431 amino acids
Gene names: NOS2, NOS2A
Reaction catalysed:
2 L-arginine + 3 NADPH + 4 O(2) = 2 L-citrulline + 2 nitric
oxide + 3 NADP(+) + 4 H(2)O.

iNOS catalyses NADPH-cofactor-dependent oxidation of
L-arginine in the presence of molecular oxygen (02) into
NO and L-citrulline.
• iNOS activity is not dependent on intracellular Ca levels
• Cytokines induce iNOS expression
• BH4 is an essential cofactor for iNOS activity
The iNOS enzyme is versatile in its functioning, and
therefor needs to be studied in depth to be able to make
the most of its constitutive functions and to limit its
harmful effects. iNOS expression is absent in resting cells
but is induced by immunological stimuli, such as bacterial
lipopolysaccharide (LPS), inflammatory cytokines and
other factors.
• iNOS is able to modulate a decrease in eNOS synthesis
• Critical response to pathogens in the lung
• Muscle cells - prevents muscle wasting when modulated

by Citruline

HARMFUL EFFECTS
iNOS catalyses substantial NO synthesis in injured tissues.
The resulting toxic burden can be enormous. Widespread
iNOS expression, particularly in non-inflammatory cells,
can be harmful. In several conditions and various tissue
types, harmful effects resulting from iNOS expression has
been demonstrated.
• Pathological immune responses
• Overproduction of NO and Superoxide (O2)
• Harmful effects of NO and derivatives
• Arginine deficiency
• Other deficiencies and overloads
• Formation of nitrotyrosine
• Formation of peroxynitrite
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Monocytes

• Neuronal degeneration

APPROACHES
• Regulation of iNOS transcription is considered the most
important step in the control of iNOS activity. Various
transcription factors have been shown to regulate iNOS
expression (including estrogen receptor-α and -β). The
most studied transcription factor is factor-kappa β (NFκβ), which can bind to the iNOS promoter and induce
iNOS expression.
• Selective iNOS inhibition protects the injured tissues by
limiting peroxynitrite formation.

Monocyte cells constitute about 5% of leukocytes in
healthy peripheral blood. Monocytes are precursors for
macrophages. Monocytes are recruited into local tissues
where they either undergo activation or differentiate into
effector subtypes like macrophages.

MARKERS
• Nitrotyrosine - peroxynitrite-mediated protein nitration

(nitrosamines) is a footprint of NO generation
• Haemodynamic parameters

Monocytes cross the walls of capillaries into connective
tissue, increase in size from 5 to 10 times, its organelles
increase both in number and complexity - the monocytes
turn into macrophages.
• Mon2 monocytes are associated to an increased risk of
cardiovascular disease and are predictive of myocardial
infarction and death.
• Imbalances in the ratio of cAMP/cGMP increase
phagocytic capabilities of monocytes.

IMMUNE RESPONSE: INFLAMMATION
MICROGLIA AND ASTROCYTES:
INFLAMMATORY NEURODEGENERATION.
Inflammatory-activated glia (microglia and astrocytes) kill
neurons. High levels of iNOS is expressed by glia during
inflammation. Elevated NO production inhibits neuronal
respiration, resulting in neuronal depolarization and
glutamate release, followed by excitotoxicity - glutamate is
released from astrocytes via calcium-dependent vesicular
release.
NADPH oxidase is expressed by glia and acutely activated
by inflammatatory cytokines, beta-amyloid, prion protein,
ATP or arachidonate. Combined expression of NADPH
oxidase and iNOS results in extensive neuronal death via
peroxynitrite production and NADPH deficiency - NADPH
is required for glutathion reduction and NOS coupling.
Decoupled NOS monomers produce superoxide.

Macrophages

Not all macrophages develop from monocytes - eg. brain
microglia.
Macrophages are involved in the entire inflammation
response process and have been described to be important
cellular contributors to immunologic pathology.
Macrophages play a central role in inflammation.
Macrophages are also antigen-presenting cells.
Macrophages are cells of the innate immune system that
are located in various tissues. The majority of inflammatory
cells that accumulate at lesions are macrophages.
They are normally at rest, but can be activated by a
variety of stimuli during an immune response. Activated
macrophages synthesise and secrete multiple cytokines
and other inflammatory mediators. Macrophage activity
can be increased by cytokines.
Macrophages are some of the first cells to come in contact
with invaders and they initiate an immune response.
When macrophages are exposed to inflammatory stimuli,
they secrete cytokines such as IL-1β, TNF-α, IL-6.
Their toll-like and scavenger receptors have broad
ligand specificity for lectins, lipoproteins, proteins,
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oligonucleotides, polysaccharides, and other molecules.
When a macrophage engulfs a microbe, its antigens
are processed and situated on the outer surface
of plasmalemma, where they are recognized by T
cells. Further down the process, B-cells produce antibodies
specific to the antigens presented by the macrophage and
these antibodies attach to antigens on microbes, or cells
invaded by microbes.
Antibody-bound complexes are phagocytosed more
avidly by macrophages. Phagocytosis is the process by
which a cell engulfs a particles to form an internal vesicle
known as a phagosome. Macrophages can promptly
release cytokines at the same time that they phagocytose
microbial invaders.
Macrophages release leukotrienes, prostaglandins,
and chemokines. These molecules increase vascular
permeability and recruit inflammatory cells.
Different macrophage types differ drastically in the
cytokines that they secrete and their functions.

Microglia

90% of the brain is made up of Glia Cells. How well the glia
are functioning, influences how well the brain performs
and how it responds to noxious stimuli. Glia cells help
neurons with transmission of signals - they might even
contribute as much to communication as neurons do.
The tendrils extend in all directions to make contact with
capillaries, neuron synapses and other astrocytes.
Microglia has two alternative activation phenotypes
characterized by secretion of different arrays of cytokines,
termed the M1 (pro-inflammatory) phenotype and
the alternative M2 (anti-inflammatory) phenotype. M1
activation of microglia is featured by the production of
pro-inflammatory cytokines, including IL-1β, TNF-α, IL-6
and other cytotoxic molecules such as superoxide, NO
and ROS, contributing to the amplification of the proinflammatory responses during injuries and infections.
Conversely, M2 microglia plays an immunosuppressive role
by antagonizing the classic M1 microglia and promoting
tissue repair. The M2 microglia produces a variety of
cytokines with anti-inflammatory property, such as IL-4,
IL-13, IL-10, and TGF-β. The different activation forms of
microglia can be distinguished by their characteristic gene
expression pattern.
There are various types of Glia cells:

CONSTITUTIVE FUNCTION
• Macrophages are essential for immunity, development

and tissue homeostasis

• Macrophages deliver NO to ingested microorganisms.
• They engulf foreign agents and pathogen
• They eliminate apoptotic cells by engulfing them
• They recycle nutrients by digesting waste products
• Macrophages mediate systemic effects such as fever
• They produce acute inflammatory response proteins

HARMFUL EFFECTS
• Macrophages induce an inflammatory response that
includes NF-κB activation as well as iNOS and MMP9 induction. NF-κB-dependent MCP-1 expression has
been indicated. Endothelial cells hemodynamic force
may trigger NF-κB-dependent MCP-1 expression.
• Macrophages have been implicated in development of
infectious disease and cancer.
• Macrophages play a major role in atherosclerotic
plaque rupture by weakening the fibrous cap. IMPase
inhibition by LiCl reduces the macrophage content of
atherosclerotic plaques through induction of apoptosis.
The challenge of this approach is to initiate macrophage
death in a selective way, without affecting other cell
types in the plaque. Local application of treatment is
necessary to avoid systemic loss of macrophages.
• Urea induces a dose-dependent inhibition of iNOS.
Increasing amounts of urea shows a dose-dependent
reduction in iNOS protein expression and NO production.
This enhances macrophage proliferation due to
diminished NO-mediated apoptosis. Under conditions
of decreased eNOS activity, iNOS may substitute the
synthesis of NO.

• Microglia - They are sensitive to toxic agents and other

noxious stimuli.
• Schwann cells are the peripheral astrocytes. They
surround synapses where the peripheral nerve meets
muscle cells. They also surround nerves in the rest of the
body. They produce myelin to insulate axons.
• Oligodendrocytes in CNS intrafascicular cells produce
myelin for neuronal axons - produce myelin that insulates
axons. The composition and form differs from peripheral
myelin.
• Fibrous glia - in white matter with relatively few
organelles and long unbranched tendrils.
• Protoplasmic glia - in grey matter
• Radial glia
Microglial activation is commonly induced by proinflammatory cytokines IL-1β and TNF-α, and
lipopolysaccharide (LPS). Excessive microglial activation is
reported in multiple brain regions in persons with an AS
diagnosis.
Microglia are activated by ischemia, trauma, infection
and other factors. Activated microglia secrete proinflammatory cytokines, including IL-1β and TNF-α in iNOS
expression and release NO into surrounding tissues.
If cytokines are produced in appropriate amounts the
inflammatory response is beneficial for the host, but if

APPROACHES
• Restore macrophage phenotype and function.
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the cytokines are produced in a deregulated fashion, the
response is toxic.
Excessive production of IL-1β and TNF-α triggers an acute
generalized inflammatory response characteristic of septic
shock and multi-organ failure.
Over-activation of microglia leads to chronic inflammation,
which is neuro-destructive. During inflammation, activated
microglia engulf synaptic material. When inflammation
resolves then the number of microglia normalise via
apoptosis.
• Neuronal excitability: When microglia sense alterations
in their local environment, they change their shape
and release factors that can modify the excitability of
surrounding neurons.
• Nerve sprouting - Microglia in the brain regulate
synaptogenesis and neurogenesis. Macrophages serve
as a link between inflammation and sympathetic hyperinnervation by regulating nerve growth factor (NGF)
expression. Sympathetic nerve sprouting causes cardiac
nerve sprouting and consequent ventricular arrhythmias/
seizures. [Atorvastatin effectively ameliorated cardiac
sympathetic nerve remodeling and prevented VAs after
MI by significantly down-regulating the expression of IL1β, TNF-α and NGF via together with the augmentation
of M2 macrophage.]
• Potassium channels: K+ channels play a critical role
of in various pro-inflammatory microglial function. In
peripheral immune cells, K+ channels may be preventing
depolarization of the membrane and maintain the driving
force for Ca2+ entry. Unstimulated microglia express only
inward rectifying K+ channels, while stimulated microglia
display an outward K+ conductance. The roles of various
K+ channels in enabling the different subsequent proinflammatory responses of microglia have been clearly
demonstrated. These more subtle events are potentially
just as clinically relevant as the more overt inflammatory
functions of microglia and so a deeper understanding of
the role of ion channels in these responses will no doubt
have major consequences for human health.

Astrocytes

Astrocytes are immuno-modulatory cells that form an
integral part of the blood-brain barrier.
• Neurotransmission: Astrocytes instruct neurons to
spread more synapses. The tendrils alter the number of
neural synapses and signalling strength - about seventy
fold due to increased number of synapses carrying the
signal. They coax the strengthening of connections
along well-worn mental pathways. Astrocytes provide
feedback to neurons by releasing glutamate. Astrocytes
contain BDNF, which neurons need to grow. In the
hippocampus, BDNF increases the firing rate and
efficiency of neurons which is critical to learning and
memory.
• Parallel network: Glia communicate among themselves
in a separate, parallel network. Glia cells are essential
for maintaining a stable micro-environment. A calcium
signal can ‘spread’ a message through the network of
all astrocytes.
• Homeostasis: To obtain and maintain the dynamics of
homeostasis in the brain, there is reciprocal feedback
between astrocytes and neurons. Noxious stimuli and
pollutants can cause dyshomeostasis and instability
of neuronal function. This is seen in a subset of
individuals with chemical sensitivity or degenerative
disease resulting in memory loss, brain fog, lack of
concentration and altered judgment. The unique
anatomy and biochemistry of the metabolism of each
cell or group of cells would result in different responses
to pollutants and noxious signalling. They form an oily
sheathing around blood vessels to prevent water soluble
toxins from entering the brain.
• Neuronal nutrition: They bring nutrients from blood
vessels to the neurons. They convert glucose to lactate
to feed the neurons.
• Astrocyte potassium channel activity modulates
astrocyte function and iNOS expression. High
extracellular potassium at 25-75 mM potently inhibits
astrocyte nitrite production stimulated by interleukin-1
(IL-1)/interferon-γ (IFNγ). Several potassium channel
inhibitors such as CsCl, tetraethylammonium, and
4-aminopyridine as well as nigericin inhibited astrocyte
iNOS expression induced by IL-1/IFNγ.
• K+ spatial buffering: A major function of Astrocytes
is spatial buffering. This process involves shunting
excess K+ ions excreted by overly active neurons
into the extracellular space to an area of lesser K+
concentration. Activated astrocytes consume potassium
from the spacial buffering. This role may be of particular
importance in pathological conditions such as ischemia,

APPROACHES
• Microglia ion channels: Microglia express a wide array
of ion channels and different types are implicated in
many cellular processes. Modulation of microglial ion
channels has shown great promise as a therapeutic
strategy in several brain disorders.

18

Mast Cells

hypoxia, or epileptic seizures, where the extracellular
K+ concentration can rise to 80 mM from the 3.5
mM observed under resting conditions. Increased
potassium concentration correlates with reduction of
iNOS mRNA levels.
• Astrocyte potassium channel activity have relevance
for the pathogenesis of several CNS disorders. Periodic
hyperkalemic conditions found in periodic neuronal
over-activity like sensory overload or seizure can
modulate inflammatory activation of astrocytes.
Excess levels of extracellular potassium can inhibit
iNOS expression induced by IL-1β/IFNg. Transcriptional
inhibition is suggested as the main mechanism of KCl
action, but this does not exclude that KCl may affect
iNOS enzyme activity independently of iNOS synthesis.
KCl is a significant modulator of human iNOS. Potassium
channel inhibitors support that ionic imbalance in the
CNS can modulate astrocyte function by affecting
various ion channels. Administration of 4-AP has shown
clinical efficacy in patients with multiple sclerosis, and
the mechanism of action is thought to be due to its
inhibition of K channel activity on demyelinated axons.

Mast cells are characterized by a large number of
cytoplasmic granules and are mediators of certain types of
inflammation including allergic/intolerance inflammation.
Mast cells play a role in inflammation through
degranulation of cytoplasmic granules, which contain a
variety of cytokines and pro-inflammatory factors such as
IL-1β, TNF-α, IL-6 and TGF-β.
Once mast cells are activated, they release large amounts
of pro-inflammatory factors from the granules into
the extracellular space, resulting in the induction of
inflammatory responses within the micro-environment.
Mast cells significantly participate in the pathogenesis of
various inflammation-related diseases, including vascular
diseases such as atherosclerosis, via the release of proinflammatory factors from granules.
Mast cells also induce macrophage infiltration and
neutrophil infiltration and modulate microglial activation,
mediating the neuro-inflammatory process.
• In mast cells, IL-1β induces the release of histamine, which
in turn elicits vasodilation and localized inflammation.
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Neutrophils

T cells

Neutrophils are the most abundant circulating leukocytes
in humans. Neutrophils are recruited into local tissues
where they undergo activation. Neutrophils are attracted
to the skin by an array of chemotactic factors.
Neutrophils, defined using surface markers such as CD11b,
Ly-6G and Ly-6C, are antigen-presenting cells. This cell
type is recruited by chemo-attractant and is present
in the inflammatory micro-environment, migrating
to inflammation sites and exacerbating inflammatory
responses by secreting various pro-inflammatory factors
in response to cytokines present in situ.
Factors released from neutrophils include proteases and
digestive enzymes such as myeloperoxidase, collagenase,
elastase, and cathepsin. Neutrophil turnover during
inflammation is usually rapid; therefore, this cell type
is traditionally believed to be a mediator of the acute
inflammatory response.
Neutrophils contribute to the pathogenesis of diseases
with long-lasting inflammation, referred to as chronic
inflammatory diseases. Neutrophils are the most abundant
cell type in colitis-associated colon cancer. A major
source of cytokines regulating inflammatory responses,
including IL-1β, TNF-α and IL-6 - which contribute to the
transformation/proliferation of cancer cells. Neutrophils
make a crucial contribution to the pathogenesis of cancer.
High blood neutrophil count results in increased neutrophil
infiltration and up-regulation of IL-1β and TNF-α.
Myeloperoxidase, other factors that regulate the
activity of neutrophils, could be a therapeutic target.
Loss of myeloperoxidase suppresses CXCL1 expression,
myeloperoxidase may contribute to the formation of a
positive feedback loop among neutrophils, which amplifies
and exacerbates inflammation. Thus, myeloperoxidase
may function to form a vicious cycle leading to the disease
progression.
CONSTITUTIVE FUNCTION
• They kill invading microorganisms
• Preventing tissue damage

T cells are a major cell type participating in acquired
immunity. T cells are differentiated in the thymus from
their precursors mainly into CD4-positive and CD8positive T cells. These differentiated T cell subsets are
then distributed throughout the body and are further
differentiated into effective subtypes according to the
micro-environment in situ. Some T cells function as a
node of acquired immunity and regulate inflammatory
responses in a coordinated manner with other cell types in
the micro-environment.
T cells play a crucial role in various diseases, including
inflammatory and autoimmune diseases. The accumulation
of T cells in lesions has been pathologically demonstrated
in various diseases. iNOS induction in T cells is mediated
by lymphoid stromal cells - including lymphatic endothelial
cells and fibroblast reticular cells.

Cytokines

Cytokines are small soluble proteins that mediate the
transition from innate to adaptive immunity. Cytokines are
as important to life as hormones and neurotransmitters.
There are pro-inflammatory and anti-inflammatory
cytokines. Pro-inflammatory cytokines IL-1β and TNF-α,
regulate the expression of iNOS and COX-2. When
macrophages are exposed to inflammatory stimuli, they
secrete cytokines such as IL-1β and TNF-α.
Deregulation of cytokine secretion is implicated in
several diseases. Inhibition of cytokines provide
therapeutic effects.

Cytokines are produced primary by immune cells. Each
cytokine is produced by a cell population in response to
different stimuli. Monocytes and macrophages are the
main sources of inflammatory cytokines, and the cytokines
are also produced by activated lymphocytes, endothelial
cells and fibroblasts.
• Pro and Anti-inflammatory cytokines
• Regulation of local and systemic inflammation.
• Localised inflammation: IL-1β
• Cell proliferation, metabolism, chemotaxis, tissue repair

Dendritic cells (DCS)
DCS are antigen presenting cells.
They process antigen material and present it on the cell
surface to the T cells. DCs are crucial for efficient T and B
cell activation. Inflammatory DCs produce iNOS and TNF-α.
IL-1β, TNF-α and IL-6 are thought to activate conventional
DCs (cDCs) causing their migration to cutaneous lymph
nodes.
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Inflammatory process

• Shaping of body plans
• Expression induction: Cytokines confer instructions

•

•

•
•

•

The functioning, intensity and duration of the inflammatory
response varies in individuals. Pro-inflammatory cytokine,
TNF-α and IL-1β are expressed by various tissues in
response to immunological triggers, like stimulation by
immune complexes or bacterial products.
• Inflammatory stimuli in the periphery can induce
transcripts for IL-1β and TNF-α in brain areas.
• Systemic inflammation and/or infection can gain access
to the CNS via blood flow and elicit an inflammatory
response the brain.
• IL-1β & TNF-α up-regulate adhesion molecule expression
on endothelial cells - this is important in recruitment of
inflammatory cells to the inflammatory site.
• IL-1β & TNF-α influence immunological activity by causing
T cell and B cell activation, and stimulate hepatocytes to
release acute phase reactants - IL-6.
• IL-1β & TNF-α levels are increased in inflammation
• IL-1β & TNF-α are arthritogenic.
Modulation of cytokines or inhibition of enzymes including
iNOS and COX-2 can play crucial roles in the therapeutic
approaches.

and mediate communication among immune and nonimmune cells. They can influence the production of one
another, as is the case with IL-1β and TNF-α, each of
which can induce the expression of the other.
Cytokines mediate intercellular communication for
innate and adaptive immunity. Each cytokine binds
to a specific cell surface receptor to generate a cell
signalling cascade that affects cell function - including
regulation of several genes and their transcription
factors. To generalize the effect of a particular cytokine
is virtually impossible, since cells may express more than
one receptor for a given cytokine, where the one may
override the effect of the other.
Overlap: Each cytokine may have multiple, pleiotropic
actions, that can overlap, for example pro-inflammatory
actions of IL-1β and TNF-α, overlap with IL-4 and IL-13
can serve as anti-inflammatory mediators or are integral
mediators of allergic responses. Multiple cytokines may
interact synergistic or antagonistic depending on the
specific system.
Cytokines modulate cytokine receptor expression and/
or function, thereby regulating cytokine action.
Cytokines interact with cell surface receptors, to initiate
biological responses
• autocrine effects by interacting with receptors on
cells that produce them
• paracrine effects by binding to receptors on adjacent
cells, and
• endocrine effects by acting on distant cells via the
blood stream.
Most cytokines are short-lived and act locally in an
autocrine and paracrine fashion.

Nuclear factor κB (NF-κB)

NF-κB is a transcription factor that can rapidly activate the
expression of genes involved in inflammatory, immune and
acute phase responses. The binding of NF-κB to iNOS gene
has been shown to be critical for iNOS gene expression,
and the promoter region of COX-2 gene contains NF-κB
consensus sequence.
NF-κB is a protein found in almost all cell types. It promotes
gene expression of several inflammatory mediators. It
mediates the regulation of cellular immune responses by
promoting the expression of inflammatory cytokines and
chemokines and by establishing a feedback mechanism
that can produce chronic or excessive inflammation.
When NF-κB becomes aberrantly active, it has the potential
to produce chronic or excessive inflammation. NF-κB
is part of a molecular cascade leading to inflammation,
especially of resident immune cells in brain regions that are
associated with clinical symptoms of neuro-inflammation
in various neuropathologies.
NF-κB activation induces numerous pro-inflammatory
gene products including cytokines, iNOS and COX-2.

ANTI-INFLAMMATORY CYTOKINES
It has been observed that reduced levels of IL-10 favour
the development of gastrointestinal pathologies such as
inflammatory bowel disease. Recombinant IL-10 has been
effective in the treatment of some of these diseases.

IL-10

MARKERS
Peripheral blood markers can confirm abnormal NF-κB
activity, such as NF-κB DNA binding activity.
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Interleukin-1 beta (IL-1β)

Tumour Necrosis Factor (TNF-α)

Assembly
• 3 copies of Tumour Necrosis Factor, soluble form
TNF-α is a 17 kD polypeptide that regulates innate immune
responses. TNF-α can be produced by a plethora of cells
including lymphocytes, monocytes, keratinocytes, mast
cells, and APCs such as macrophages and DCs of the skin.
TNF-α can stimulate pro-inflammatory cytokines and
enhance cell adhesion thereby increasing the phagocytic
index for innate defense cells such as macrophages.
Excess amounts of TNF-α have been found to play
pathological roles in ailments such as inflammatory bowel
disease, psoriasis, rheumatoid arthritis, asthma, cancer,
infectious diseases, and other auto-immune pathologies.
Some of these conditions are currently co-treated with
monoclonal antibodies that neutralize this cytokine.

Assembly
• 1 copy of Interleukin-1 beta
The IL-1 family consists of 11 members, 7 of which have
been demonstrated to have broad pro-inflammatory
activity (IL-1α, IL-1β, IL-18, IL-33, IL-36α, IL-36β and IL-36γ)
while the remaining 4 have antagonistic (IL-1Ra, IL-36Ra,
IL-38) or anti-inflammatory (IL-37)
IL-1β is an inducible cytokine and is not generally expressed
in healthy cells or tissue. In the majority of cell types,
caspase-1 is maintained in an inactive state and therefore
the secretion of active IL-1β is tightly regulated.
IL-1β is produced by activated macrophages. It is a mediator
of inflammation, and is involved in a variety of cellular
activities, including cell proliferation, differentiation, and
apoptosis. The induction of COX-2-PTGS2 by this cytokine
in the central nervous system (CNS) is found to contribute
to inflammatory pain hypersensitivity.

IL-1β and TNF-α - synergism of inhibition

• IL-1β is recognised as a key mediator of inflammation
•
•

•

•

•

Synergistic effects are evident, with simultaneous
inhibition of both cytokines. Greater than additive
effects have been observed in RA when IL-1β and TNF-α
blockers were combined. When inhibitory agents were
administered in combination, inflammation was reduced
in an additive manner, whereas the other variables were
almost completely suppressed.
• IL-1β and TNF-α are synergistic with respect to infiltrating
leukocytes - both neutrophil and monocyte. TNF-α predominantly monocytic infiltration. IL-1β - neutrophilic
and monocytic.
• Over-expressing either IL-1β or TNF-α leads to
development spontaneous arthritis.
• IL-1β or TNF-α inhibition reduces inflammation and joint
destruction in RA - IL-1β antagonism or TNF-α inhibition
reduces the signs and symptoms of active RA and slows
joint destruction.
• Both IL-1β and TNF-α have actions in the central nervous
system: TNF-α stimulates endogenous glucocorticoid
production via an action in the hypothalamus, and IL-1β
induces fever and slow wave sleep.

and fibrosis in multiple tissues including the lung
IL-1β therapies are successful for treating a range of
inflammatory conditions such as RA and gouty arthritis.
Pattern recognition: Full-length IL-1β is rapidly induced
in cells by activation of pattern recognition receptors
(PRRs) such as TLRs by pathogen products or factors
released by damaged cells, leading to intracellular
accumulation of the protein
Sterile inflammation: Full-length IL-1α is biologically
active and functions as a damage-associated molecular
pattern (DAMP) or an ‘alarmin’ by binding to IL-1R1 and
rapidly initiating the production of chemokines and
inflammatory cytokines, driving sterile inflammation.
Asbestos and silica are sensed by the NLRP3
inflammasome leading to the subsequent activation and
secretion of active IL-1β.
Microcrystals regulate IL-1β expression and release,
hence the rationale for the use of IL-1 inhibitors in
crystal-induced arthritis.

IL-1β in Receptor
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COX-2 - cyclooxygenase

Prostaglandins (PG)
C20H32O5

COX-2 synthesises PGs in cells from arachidonic acid, which
is a polyunsaturated omega-6 fatty acid.
PGs have been found in almost every tissue type and most
organs. PGs exert opposite effects in different tissues in
some cases - the ability to stimulate a reaction in one
tissue and inhibit the same reaction in another tissue is
determined by the type of receptor to which the PG binds.
PGs modulate the immune and inflammatory response
by controlling the production of mediators such as
NO. PGs regulate levels of NOS expression and activity.
Upon stimulation with cytokines or LPS, many cell types,
including endothelial cells and macrophages, express
inducible COX-2. COX-2 produce large amounts of proinflammatory PGs at the site of inflammation.
PGs modulate macrophage activation by blocking the
release of some cytotoxic/cytostatic molecules like NO.
• Abnormally elevated expression of COX-2 has been
implicated in pathogenesis
• PGs have a protective role in the gastrointestinal tract
- it modulates iNOS during inflammation, reducing
irritation and damage of the gastric mucosa.
• High levels of PGs decreases the amount is NO produced
by iNOS. This is important for limiting excessive or
prolonged NO production in pathological events.
• PGs suppress T cell receptor signalling and play a role in
resolution of inflammation.
• PGs are responsible for regulating autonomic
neurotransmitters. PGs interact with dopamine in the
brain.
• Cyclopentenone prostaglandins can inhibit NF-κB
activation via the inhibition of the IkappaB kinase. NFkB-inducible genes encode inflammatory mediator
enzymes - COX-2 and iNOS. NF-κB is an essential step
in the in the transcriptional regulation of iNOS gene
induced by cytokines or LPS
• Prostaglandin-E2
down-regulates iNOS protein
expression by inhibiting NF-κB activation.
• Thromboxanes play a role in needed clot formation.
They are produced by platelet cells and are
vasoconstrictors and facilitate platelet aggregation.
• Prostacyclins are powerful locally acting vasodilators
and inhibit the aggregation of blood platelets.
Through their role in vasodilation, prostacyclins are
also involved in inflammation. They are synthesized in
the walls of blood vessels and serve the physiological
function of preventing needless clot formation, as
well as regulating the contraction of smooth muscle
tissue.

Assembly
• 4 copies of Prostaglandin G/H synthase 2
• 4 copies of SUGAR (3-MER)
• 4 copies of PROTOPORPHYRIN IX CONTAINING FE
• 8 copies of SUGAR (N-ACETYL-D-GLUCOSAMINE)
• 2 copies of SUGAR (B-OCTYLGLUCOSIDE)
• 4 copies of (2S)-7-TERT-BUTYL-6-CHLORO-2(TRIFLUOROMETHYL)-2H-CHROMENE-3-CARBOXYLIC
ACID
COX-2 is an enzyme known as prostaglandin-endoperoxide
synthase. It produces prostaglandins (PGs) derived from
arachidonic acid. COX-2 is the inducible isoform expressed
in many cell types in response to cytokines and proinflammatory molecules.
In brain, COX-2 is frequently associated with proinflammatory activities, and its increase is related to
neurodegenerative, allergy, and autoimmunity processes
in acute and chronic diseases.
COX-2 is protective against iNOS over-expression
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HARMFUL EFFECTS
High levels of ROS play an important role in the
pathogenesis of many disorders, including inflammatory
and neurodegenerative diseases.
ROS are produced in diseases through different pathways
such as NOS uncoupling, arginine deficiency, mitochondrial
xanthine oxidase and NAD(P)H oxidase.
• H2S upregulates antioxidant molecules. H2S can be
regarded as a double-faced molecule: on one side,
it can promote an antioxidant effect and becomes
cytoprotective; while on the other side, it stimulates
oxidative stress and is cytotoxic.
• Amino acid modification: Several amino acids, such
as tyrosine, can also react with ROS, generating a
wide range of products, from modified and less active
enzymes to denatured, non-functioning proteins.
• Cardiovascular diseases: ROS and oxidative stress is
involved in cardiovascular diseases such as arrhythmias,
coronary arterial disease, left ventricular hypertrophy,
aortic dilatation, aortic dissection, and congestive heart
failure.
• ROS breaks down NO and reduces bio-available NO
• Macromolecule damage, such as DNA, lipids, proteins,
carbohydrates
• Blood brain barrier (BBB) breakdown
• Microglial infiltration into ischemic territory
• ROS can act as intracellular signalling molecule for
various destructive pathways which include apoptotic
pathway - leading to cell death.
• Glutathione depletion is a result of ROS accumulation.
Antioxidant enzymes such as glutathione peroxidase and
glutathione-S-transferase require glutathion as cofactor
for ROS detoxification.

ROS - Oxidative stress
Reactive oxygen species (ROS) are highly reactive
molecules generated by the chemical transformation of
oxygen inside the cells.
Oxidative stress is the overproduction and accumulation
of ROS.

Even though ROS have extremely short half-lives, they
can cause substantial damage to tissues and cellular
components.
High levels of ROS are damaging to macromolecules
and cells. ROS progression starts with membrane lipid
peroxidation followed by cytosolic proteins modification
and ending with DNA oxidation.
Brain cells have very limited capacity for attenuating the
effects of oxidative stress and is highly susceptible to
oxidative damage.
Overload of free radicals include:
• Hydroxyl radicals (∙OH)
• Superoxide anion (O2∙−)
• Hydrogen peroxide (H2O2)
CONSTITUTIVE FUNCTIONS
• Metabolic processes: Many oxidative reactions are
essential biological reactions which produces high
energy compounds to fuel cellular metabolic processes.
Under normal conditions intracellular signalling sustain
low levels of ROS, which is compatible with antioxidant
capacity. When antioxidant capacity is limited, cells are
vulnerable to damage from ROS toxicity.
• Mitochondria normal functioning: Almost all energy
used by the brain is from oxidative metabolism in
mitochondria, resulting in the production of ROS.
• Dysfunctional mitochondria have been shown to act
as an important source of free radicals. Deficiencies in
energy supply are particularly damaging to neurons,
which have a high energy demand.
• Free fatty acids: ROS is formed via degradation of free
fatty acids.
• Immune cells: Activity in macrophages, neutrophils, and
microglia release various ROS - H2O2, NO, O2´, HO and
HOCl.
• Enzymatic antioxidant defense mechanisms protect
against ROS effects - SOD, GPx, CAT.

APPROACHES
• Detox capabilities: The body’s capacity to eliminate
or reconstitute molecular overloads, such as metabolic
and environmental toxins may be impaired during times
of increased metabolic disturbances. Many chemical
intolerances are resultant of overloads or negatively
interfere with biological processes.
• Supporting homeostatic mechanisms that mitigate
oxidative stress, including superoxide dismutase [SOD] 1
and 2, and glutathione peroxidase [GPx].
• Reduce or eliminate intake of molecules that are
overloaded or that result in intolerances.
• Dimethylglycine (DMG) which helps the body produce
the master antioxidant, glutathione
• Molybdenum: Molybdenum is a cofactor of the
sulphite oxidase enzyme. Molybdenum deficiency or
deficiencies in other cofactors result in Sulphite oxidase
dysfunction, which causes sulphite overload/sensitivity.
Molybdenum deficiency may be caused by copper or
tungsten overload that deplete molybdenum. Do not
use a molybdenum supplement that contains copper.
Molybdenum can also become unavailable by binding
with lead or mercury. Further precautions apply.
• Superoxide dismutase - Anti-oxidative effect of
SOD - Roles of SOD3 as an anti-oxidative enzyme in
ROS-mediated ischemia and inflammation have been

Superoxide
O2-
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extensively studied. The role of SOD3 in inflammation
is not simple because of radical scavenging, it affects
immune responses and signal initiation as VD may
provide ischemic and oxidative damage to the urogenital
tract.
• NMDA receptor activated production of superoxide can
be inhibited by blocking Na/H exchange and eliciting
mild acidosis
• Activation of the NFE2L2-ARE pathway constitutes a
valuable therapeutic tool to combat oxidative stress that
occurs during neurodegenerative disease.

development and is an important factor for neurogenesis
• Diabetes: Taurine overcomes insulin resistance by
modifying the post-receptor events of insulin action. The
L-arginine-NO system is involved in the pathophysiology
of diabetes and upregulates the taurine transporter.
Taurine ameliorates diabetic nephropathy by decreasing
lipid peroxidation and lessening the accumulation of
advanced glycation end-products in the kidney.
• Vascular: Taurine significantly increases blood flow and
arterial relaxation
• Other: Involved in management of epilepsy, preventing
cataracts, gene expression, muscle metabolism,
osmoregulation.

Anti-oxidant enzymes
Antioxidant enzymes include superoxide dismutase
(SODs), catalase, glutathione peroxidase, and glutathione
reductase.

TAURINE DEFICIENCY
Taurine deficient states develop severe pathophysiological
conditions.
• Infants are not able to synthesis adequate taurine and
rely on dietary sources for taurine. Therefore, taurine is
conditionally essential.
• Dilated cardiomyopathy
• Retinal degeneration - damage to retinal neurons. Under
normal conditions it is the most abundant free amino
acid in retina.
• Reproduction defects
• Renal dysfunction
• Developmental abnormalities, delay in cell differentiation
and migration
• Pancreatic β cell malfunction
• Reduces the expression of the respiratory chain
components required for normal translation of
mitochondrial-encoded proteins
• Exacerbates or cause arrhythmias
• Exacerbates excitotoxicity. Taurine is a neuromodulator
in glutamate transmission. It is normally the second
most abundant free amino acid in the central brain after
glutamate.

Anti-oxidants
Taurine
C2H7NO3S

Taurine is an amino acid present as free form in many
tissues. Endogenous synthesis of taurine is highly variable
between individuals also in relation to nutritional status cysteine availability. For some dietary acquisition of taurine
is very important, as they have limited ability to synthesize
it. Taurine is one of the most essential substances in the
body
CONSTITUTIVE FUNCTIONS
• Mitochondria: Taurine regulates mitochondria calcium

•

•

•

•

•

homeostasis, membrane stabilization, modulation of
intracellular free calcium concentration - improving
mitochondrial function.
Excitotoxicity: Taurine serves with GABA and glycine
as inhibitory neurotransmitters. Taurine suppresses
glutamate-induced toxicity - the most effective
endogenous agent protecting the CNS from toxic levels
of glutamate.
Liver and digestion: Taurine is a substrate for the
formation of bile salts. It improves the function of the
liver, producing better quality bile (darkening of the
stool), protecting against gall stones, aids in detoxifying
the body and improving the digestion of fats.
Ion channels: Modulation ion channel function, cell
volume regulation, spares potassium and calcium,
preventing arrhythmias. Stabilizing the electron
transport chain.
Anti-oxidant: Taurine protects ganglion cells from
oxidative stress. It protects photo-receptors by inhibiting
light-induced lipid peroxidation. Taurine inhibits the
generation of ROS. Taurine is an antioxidant, it prevents
bystander-cell-death - a process that occurs when
cells die and generate toxic substances which can pass
through gap junctions to kill their neighbours.
Development: Taurine plays a critical role in brain

APPROACHES
• Molybdenum enhances sulphite oxidase activity and
helps convert potentially harmful sulphites into taurine.
Reduced urinary sulphite loss and improved symptoms.
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SULPHUR DEFICIENCY
Many practices in modern life conspires to induce major
sulphate deficiencies. Since many foods contain sulphur it
is generally assumed that almost any diet would contain the
minimum daily sulphur requirement - which is incorrect.
• Precaution: Sulphate/Sulphide/Thiol intolerance need
to be resolved.
• Food choices: Certain diets are deficient in sulphur,
especially when it consists of mainly breads and cereals.
• Processed food: Sulphur is lost during production of
many processed foods.
• Soil: Soils that are over-farmed are depleted of sulphur.
Countries where people consume produce from soils
that are highly enriched in sulphur (especially from
volcanic activity) are less prone to obesity.
• Water: Water should source about 10% of our sulphur
intake, and many regions lack sulphur in drinking water.
• Foods containing sulphur: Eggs, onions, garlic, meat,
nuts, seafood, beets, dark green leafy vegetables like
kale, broccoli - many of these food have lower sulphate
content due to over-farming.

Sulphate
SO4-

Sulphur is the eighth most abundant element by mass in
the human body. It is a very versatile molecule, able to
exist in several distinct oxidative states ranging from +6
in the sulphate radical to -2 in hydrogen sulphide. Sulphur
containing compounds play essential physiological roles
throughout the body. Some sulphate compounds include:
• Taurine
• Cysteine: Cysteine, a sulphur-containing amino acid,
provides sulphate to the liver for producing cholesterol
sulphate.
• Methionine: Essential sulphur-containing amino acid.
• Glutathione: A potent antioxidant.
• Vitamin D3 sulphate: When the skin is exposed to the
sun, it synthesizes vitamin D3 sulphate. This form of
Vitamin D is water soluble and it can travel freely in the
blood stream and is easily delivered to tissues (found in
human milk, raw cow milk - pasteurization destroys it).
• Cholesterol sulphate: The skin and liver synthesizes
water-soluble cholesterol sulphate. Cholesterol sulphate
is very agile and can pass freely through cell membranes.

HARMFUL EFFECTS
• Metabolic syndrome: Sulphur plays a critical role
in cellular energy metabolism which breaks down
miserably when sulphate and sulphate compounds are
not available. “Four key components of the [glucose]
metabolic syndrome: elevated levels of LDL, triglycerides,
blood sugar, reduced levels of HDL”
• Cholesterol sulphate: Insufficient bioavailability of
cysteine will lead to reduced production of cholesterol
sulphate by the liver
• Defective glucose management: Insufficient cholesterol
sulphate for seeding the lipid raft needed to import the
glucose. Lipid rafts are not formed and therefor glucose
cannot enter the cell.
• Dangerous to exercise whilst deficient: During intense
physical exercise glucose can enter muscle cells in the
absence of insulin, leading to dangerous exposure of the
cell’s proteins to glycation, since there is no iron sulphate
to degrade the glucose.
• Protein function: Glycation interferes with the proteins’
function, leaving them more vulnerable to oxidation
damage.
• Myoglobin would no longer be able to effectively
carry oxygen to the mitochondria. Oxidized myoglobin
released into the blood stream by crippled muscle cells
leads to painful and crippling rhabdomyolysis, leading to
muscle pain and inflammation and possible subsequent
kidney failure.
• Cell membranes are depleted in cholesterol, making it
vulnerable to oxidative damage.
• Chronic exposure to excess glucose and fructose in
the blood stream leads to a host of problems, related
to glycation damage of blood stream proteins - most
importantly apoB damage inhibits the efficient delivery
of fat and cholesterol to cells.
• By consistently eating a fat deficient diet, the amount
of cholesterol sulphate delivered to the digestive system
from the liver, via the gall bladder, will be reduced,

SULPHATE FUNCTIONS
• Promotes the utilization of sugar derived from
carbohydrates for fuel in muscle and fat cells.
• Intestinal and other barriers: Cholesterol sulphate
forms a crucial part of the process of producing
functional ‘barriers’ that keeps out harmful pathogens
like bacteria and fungi. Cholesterol sulphate interacts
like a hormone with a nuclear receptor to regulate
gene expression of a protein which is a precursor of the
‘barrier’ for example in the endothelial barrier in the
intestines. Cholesterol sulphate plays an important role
in protection from asthma and arthritis through its role
in production of filaggrin.
• Sulphate ions attached to oxidized forms of cholesterol
is highly protective against plaque build-up and
atherosclerosis.
• Cancer protection, increase immunity against infectious
disease.
• It is suggested that the sulphate radical is essential for
the process that feeds cholesterol and oxygen to the
heart muscle.
• Sulphur ‘decoy’ theory: Glucose can cause significant
damage to the cell’s proteins and fats, leading to
the formation of end products that are extremely
destructive to health. It is hypothesized that sulphur
(+6) is made available to glucose as a decoy, so that the
glucose will be diverted into reducing the sulphur rather
than some vulnerable protein.
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•

•

•

•

•

reducing the ability to digest fat and weakening
protective endothelial barriers.
Glucose metabolism theory: It is being theorised
that cholesterol sulphate plays an essential role in the
metabolism of glucose for fuel by fat and muscle cells
and protect these cells from damage due to exposure
to glucose - glucose is a dangerous oxidizing agent. Cells
which are damaged because of cholesterol sulphate
deficiency may become glucose intolerant and unable to
process glucose as a fuel. Eventually, fat cells become
too disabled to release their stored fats. Fatty tissue
then accumulates on the body.
Vulnerable to pathogens: Endothelial cells that are
deficient in cholesterol sulphate leads to weakened
protection to invasive pathogens and oxidation
damage. Reductions in cholesterol sulphate delivered
by the gall bladder results in a digestive system that is
more vulnerable to invasive pathogens, consequential
heightened immune response and reduced ability to
digest fats.
Fat cell distress and death: Associated with plaque buildup: “Excess cholesterol accumulates inside fat cells and
eventually destroys their ability to synthesize proteins.
Concurrently, their cell membranes become depleted in
cholesterol, because they can no longer deliver it to the
membrane. A fat cell that has deteriorated to this degree
has no choice but to die: it sends out distress signals
that call in macrophages. The macrophages essentially
consume the dysfunctional fat cell, wrapping their own
membrane around the fat cell’s membrane that is now
barely able to hold its contents inside.
Muscle wasting: A reduction in the synthesis
cysteine into sulphate in the liver leads to increased
compensatory activity in another biological pathway in
the liver, namely converting glutamate to arginine and
urea. Glutamate is produced mainly by the breakdown of
proteins in the muscles, by muscle wasting. The muscle
cells are triggered to cannibalize themselves in order to
provide adequate glutamate to the liver. Activities in the
liver and muscles are circular and mutually supportive. If
the entry of both glucose and fat into the muscle cell is
compromised, it leaves the cell with little choice but to
exploit its internal proteins as fuel, manifested as muscle
wasting. It is suggested that low blood serum levels of
two sulfur-containing molecules, namely Cysteine and
Glutathion, are associated with muscle wasting, despite
adequate nutrition. Related diseases include: HIV
infection, cancer, major injuries, sepsis, blood poisoning,
Crohn’s disease, irritable bowel syndrome, ulcerative
colitis, chronic fatigue syndrome and athletic overtraining. Sulphur deficiency may precede and provoke
the muscle wasting phenomenon.
Mitochondrial dysfunction: Depletion of glutathione
leads to mitochondrial damage, which greatly impairs
energy supply to muscle cells. Cholesterol sulphate
may potentially provide sulphur needed for glutathione
synthesis in muscles. Mitochondrial dysfunction plays a
role in many diseases.
Immune function: The immune system depends on
abundant cholesterol sulphate to defend against severe
stress. Ability to increase cholesterol levels are associated
with higher survival rates following infection and multiple

organ failure. Cholesterol sulphate deficiency leads to
heightened immune response. Sulphur deficiency may
lead to inflammation and pain, and is associated with
various muscle and skeletal disorders.
• Obesity: Sulphur deficiency may be an underlying cause
or contributing factor of obesity.
• Diseases: Possibly a contributing factor in heart disease,
Alzheimer’s and chronic fatigue.
• Filaggrin: Deficiency in (cholesterol sulphate dependent)
filaggrin is associated with asthma and arthritis.
MARKERS
• Insulin resistance and dysfunctional glucose metabolism
•
•
•
•
•
•
•
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in muscle cells
Excess triglycerides in the blood serum
High levels of LDL, particularly small dense LDL
Low levels of HDL and reduced cholesterol content
within the individual HDL particles
Elevated blood pressure
Obesity, particularly excess abdominal fat
Poor vitamin D status
Insufficient dietary sulphate

ENVIRONMENTAL
• Temperature
• Sensory over-stimulation
• UVB is a potent stimulator of iNOS induction and NO
production in keratinocytes.

iNOS expression
Many different factors can stimulate iNOS expression in
almost any cell type. Understanding iNOS inducers, their
differences and their related pathways is essential for
being able to modulate iNOS induction or enzyme activity.
• Tissue specificity: Expression inducers may be specific
to one or more cell or tissue types.
• A molecule that may induce iNOS expression in one cell
type, may inhibit iNOS expression in another cell type.

EPIGENETIC SILENCING
Chromatin-based mechanisms control human iNOS gene
expression, resulting in resistance to induction of iNOS.
Hyporesponsiveness of the iNOS promoter is based in part
on epigenetic silencing, specifically hypermethylation of
CpG dinucleotides and histone H3 lysine 9 methylation.
The iNOS promoter is heavily methylated at CpG
dinucleotides in a variety of primary endothelial cells and
vascular smooth muscle cells, all of which are notoriously
resistant to iNOS induction, in particular cytokine
induction. In cell types capable of iNOS induction, the iNOS
promoter was relatively hypomethylated.
iNOS promoters are basally enriched with di- and
trimethylation of H3 lysine 9 in endothelial cells, and this
does not change with cytokine addition. This contrasted
with the absence of lysine 9 methylation in inducible
cell types. Importantly, chromatin immunoprecipitation
demonstrated the selective presence of the methyl-CpGbinding transcriptional repressor MeCP2 at the iNOS
promoter in endothelial cells.

Regulation of iNOS expression and enzymatic
activity
PATHWAYS
• Mitogen-activated protein kinase (MAPK) activation.
• Genetic mutations: iNOS polymorphisms: Several single

nucleotide polymorphisms (SNPs) have been found in the
iNOS promoter,6,40,41 associated with susceptibility to
pathological conditions. Targeting these gene mutations
may represent a potential therapeutic strategy.
• miRNAs: At least 6 miRNAs have been identified that
regulate iNOS expression, directly or indirectly. These
include miR939, 146a, 26a, and 34b, which downregulate
iNOS, and miR-155 and 27b, which participate in its upregulation. The identification of cell-specific miRNAs
could be important for cell-targeted blockage of iNOS
expression.

OXIDATIVE AND NITROSATIVE STRESS
Peroxynitrite, formed by the chemical reaction of NO and
superoxide radicals in mitochondria, may mediate iNOS
upregulation.

INDUCERS, MODULATORS, REGULATORS
OF INOS EXPRESSION
MACROPHAGE INFILTRATION
• Lithium: Lithium can induce infiltrating macrophage
accumulation and increase the expression of TNF-α.
Activated macrophages can increase cytokine
production and potentiate TNF-α-mediated cytotoxicity.
• Inositol depletion: Lithium ions inhibit the hydrolysis
of inositol mono-phosphatase to inositol. Lithium has
diverse effects on the release of neurotransmitters,
the inhibition of receptor sensitization and certain
membrane transport processes, and inhibit uptake of
inositol into cells.
• Autophagy effects can be mediated specifically by
lithium mediated inositol depletion, and this can be
attenuated by myo-inositol and prolyl endopeptidase
inhibition. It is speculated that combination therapy
with more moderate IMPase and mTOR inhibition
may be safer for long-term treatment than using high
doses of either inhibitor that result in more severe
perturbation of a single pathway.

Microbes
Infection agents can reach the CNS by crossing the bloodbrain barrier, or by infected migratory macrophage or by
intra-neuronal transfer from peripheral nerves.
• Viral infections - viral mutations
• Bacterial flagellin upregulates iNOS in GIT epithelial cells.
• Lipopolysaccharide
• Microbial endotoxins

DEFICIENCY
• Iodine deficiency
• Selenium deficiency - valproic acid and cortisone
treatment pose a risk for selenium deficiency
• Zinc deficiency
OVERLOAD
• Copper overload
• Vitamin A Overload
• Colloidal Silver Toxicity
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iNOS and COX-2 expression

iNOS modulators

Self-perpetuating cycle: IL-1β and TNF-α cytokines can
induce the expression of each other, therefor expression
of both need to be halted to end inflammation.
How to prevent inflammatory dysfunction.

• Botanical flavonoids: A number of botanical flavonoids

possess anti-inflammatory properties - offering
neuroprotection by inhibiting neuro-excitatory
responses, mitigate inflammation and ROS.
• L-citrulline: L-citrulline regulates iNOS and endogenous
antioxidants in skeletal muscle cells. L-citrulline is a
modulator of iNOS mRNA expression in skeletal muscle
cells. L-citrulline exerts a novel direct protective effect
on skeletal muscle cells through mediation of induction
of iNOS. L-citrulline prevents inflammation (LPS) and
oxidative stress (H2O2) induced muscle cell wasting.
L-arginine-deficiency exacerbates muscle wasting.
Important: iNOS expression in inflammatory cells
such as macrophages plays a pro-cachectic role in a
number of muscle wasting conditions such as muscular
dystrophy and the effect of L-citrulline iNOS expression
and activity during inflammatory muscle wasting
conditions need to be determined.

INOS:COX-2 INHIBITION RATIO
The activity of iNOS and COX-2 can be inhibited selectively
and production of the enzymes can also be modulated. It
is important to aim to achieve a balance in the inhibition
of these two enzymes, to prevent scenarios of selfperpetuating inflammation.
IMPORTANT
• Tissue specificity - many iNOS inhibitors are tissue
•

•

•
•

•

•

specific
Spectrum of inhibitors - Arginine supplementation vs
iNOS inhibition. If iNOS is inhibited in only certain cell
types, subsequent arginine supplementation could
increase iNOS activity in other cell types that have not
been inhibited. Arginine supplementation increases
activity of expressed iNOS.
Potency of inhibition - The combination of inhibitors
need to potently inhibit iNOS and less potently inhibit
COX-2. iNOS inhibitors can significantly reduce iNOS
activity, depending on their potency and concentration.
Local vs systemic inhibition - Local inhibition may be
preferred to systemic under certain conditions.
Prostaglandins: Prostaglandins play an important role
in inhibiting post-acute phase iNOS NO production. If
this mechanism is inhibited, iNOS may continue to be
expressed, as opposed to be inhibited. An effective
approach may require more inhibition of iNOS than
of COX-2 based on organ/tissue-specific/localised
approaches. It is suggested that once iNOS is inhibited,
COX-2 inhibitors can be provided - for example 20
minutes afterwards.
Contraindications - Some selective iNOS inhibitors are
contra-indicated for certain conditions, for instance
Lysine may be contraindicated for HIV patients - in some
studies it seems as if Lysine may increase HIV viral load.
Non-selective NOS inhibitors - Non-selective inhibition
of NOS is not beneficial. Treatment with a non-selective
NOS inhibitors is associated with an increase in MAP and
systemic vascular resistance (SVR) but also in mortality.
Norepinephrine (NE) used to be considered first-line
agents in septic shock treatment for profound hypotension and cardiac arrest. Traditional α-adrenergic
stimulating drugs have unwanted side effects including
vasomotor stimulation, restlessness, and insomnia.

iNOS inhibition
Almost all cells can express iNOS. Roles of iNOS is cell, tissue- or stage-specific - these aspects should be
thoroughly examined for targeted iNOS therapeutic
approaches with minimal off-target effects.

Types of inhibition
Inhibition of iNOS expression and activity is speciesdependent, tissue-dependent and cell-type-dependent.
INHIBITING INOS ACTIVITY
Selective inhibition of iNOS enzymes is possible because
NOS isoforms differ substantially. Selective iNOS inhibitors
can be used in the prevention and treatment of various
pathologies.
IMPORTANT: Deficiencies of iNOS co-factors or
substrate results in production of ROS, as opposed to
inactivation of iNOS.
• Heme binding: Inhibitors block dimerization of purified

iNOS monomers - inhibitors bind to a heme-containing
iNOS monomer species to form an inactive iNOS
monomer-heme-inhibitor complex. This does not inhibit
the catalytic activity of isolated dimeric iNOS.
• 1400W (pharmaceutical) - N‐(3‐(aminomethyl) benzyl)
acetamidine (1400W) is a novel selective inhibitor of
iNOS that has recently become available for clinical use.
It competes with L‐arginine to bind irreversibly with
iNOS and is at least 5000‐fold more selective for iNOS
than eNOS, making it one of the most selective iNOS
inhibitor to date.
• Thyme extracts: Thyme extracts significantly reduced
production and gene expression of pro-inflammatory
cytokines IL-1β, TNF-α and IL-6 and significantly
increased anti-inflammatory IL-10 cytokines. Changes in
production and gene expression were dose dependent
and according to the thyme content of each species.

29

ANTI-METABOLITES OF INOS

• Luteolin: A flavonoid that has the effects of anti-

inflammation, microglial activation inhibition, and antioxidative. Luteolin has important anti-inflammatory
properties in viral infected cells. Luteolin potently
inhibited inflammatory cytokine production - iNOS,
COX-2. Inhibits autophagy, cell proliferation, metastasis,
angiogenesis. Significantly ameliorates spatial learning
and memory impairment. Induces apoptosis of cancer
cells. Found in thyme, peanut hulls and other plants.
• Nicotine, an agonist for the nicotinic acetylcholine
receptor, has been shown to suppress macrophage
cytokine production. Interestingly, although smoking
has detrimental effects on the clinical course diseases, it
may exert limited benefits.
• Noradrenaline, released by the sympathetic nervous
system, supresses the production of inflammatory
cytokines by dendritic cells and macrophages.
Sympathetic neurons also release noradrenaline in
response to inflammatory mediators such as IL-1β and
TNF-α, which may produce negative feedback that
switches off the immune response.

Precaution: Anti-metabolites may increase production
of superoxide
• Sutherlandia - L-Canavanine (from the Sutherlandia

plant) has been shown to be a selective inhibitor of
iNOS. L-Canavanine is an L-arginine anti-metabolite.
Sutherlandia is neuroprotective by reducing microglial
activation. Mitigates NMDA-induced neuronal oxidative
responses. Mitigates LPS- and cytokine-induced
inflammatory responses in microglial cells. Used in
treatment of septic shock, chronic inflammation,
arthritis, rheumatism, pancreatic cancer, other cancers,
fever, diabetes, stomach, kidney and liver ailments,
alcohol induced brain damage and certain other
neurological disorders.
• BH4 production inhibition - Deletion of GTP
cyclohydrolase 1 (GTPCH), an essential enzyme in the
biogenesis of BH4 in macrophages blocks NO synthesis in
response to LPS and IFNγ stimulation.
DISRUPTING PRO-INFLAMMATORY PATHWAYS
• IL-1β: Block IL-1β inflammatory signalling - IL-1β receptor
antagonists
• MMP: Disrupting the pro-inflammatory MMP pathways,
may have a prophylactic value.
• MAPK p38 inflammatory signalling inhibition
• MK2 Inhibition to inhibit p38 pathway inflammatory
signalling
• Nicotinic acetylcholine receptor agonist decreases
macrophage cytokine production

ENHANCING ANTI-INFLAMMATORY CYTOKINES
• COX-2: Arachidonic acid pathway - prostaglandins
can inhibit NF-kB activation, thereby inhibiting iNOS
expression.
• IL-10 production enhancement: Anti-inflammatory
effect and reduces destructive MMP-10 levels
• 1400W: Enhances production of anti-catabolic IL-10 anti-inflammatory and reduces destructive MMP- 10
levels.
ELEVATING PROSTAGLANDINS
• Borage: (borage oil) This plant is a rich source of gamma
linoleic acid, which contains 25% of GLA, by elevating
PGE level that leads to cyclic adenosine monophosphate
(cAMP) augmentation; GLA could count as a strong
suppressor of TNF-α. Contraindication during pregnancy.

SUPPRESSING IMMUNE CELLS
• Glucocorticoids released by the adrenal glands are
strong inhibitors of immune cells; they can suppress
the proliferation and maturation of all immune cells and
drive the switch from a Th1 type of response to a Th2
type.
• T-cell inhibition: Inhibition locally infiltration of T cells
decreases local iNOS expression

TRANSCRIPTIONAL REPRESSION - INOS / COX-2
Epigenetic and microRNA regulation of critical genes
may be key contributing factors for various chronic
pathologies. Histone methylation/demethylation is the
most critical modification and is mediated by two types of
enzymes: histone methyltransferases (HMT) and histone
demethylases (HDM) which can either activate or repress
transcription.
• Activation of pro-inflammatory iNOS and COX-2 genes
can result from epigenetic modifications of chromatin,
such as DNA methylation and histone modifications
which plays a crucial role in gene expression.
• Histone H3 lysine K4 methylation by SET-1A
contributes to IL-1β-induced COX-2 and iNOS
expression OA Chondrocytes.
• LSD1-mediated demethylation of histone H3 lysine
9 (H3K9) contributes to IL-1β-induced mPGES-1
expression OA chondrocytes.
• Histone methylation/demethylation mechanisms in
COX-2 and iNOS regulation could be a potential target
in the treatment of pathophysiology.
• Macrophage reprogramming is vital for resolution of
acute inflammation. Vitamin C: Supplementation with

SUPPRESSING PRO-INFLAMMATORY CYTOKINE
• Boswellia serrata: Boswellia serrata (Indian Olibanum)

modulates cytokine production IL-1β, TNF-α, IL-6, IFN-γ,
and PGE2.
• Cichoric acid (CA): Cichoric acid, a caffeic acid derivative
found in Echinacea purpurea, basil, and chicory. It has
anti-inflammatory and antioxidant effects, and prevents
insulin resistance. It suppresses the production of ROS,
expression of COX-2 and iNOS, and the mRNA levels of
TNF-α and IL-6. CA can increase glucose uptake, improve
insulin resistance, and attenuate glucosamine-induced
inflammation.
• Devil’s claw: Devil’s claw has been claimed to possess
inhibition potential of NO, inflammatory cytokines - IL1β, TNF-α and PGE2, as well as prevention of arachidonic
acid metabolism and eicosanoid biosynthesis, leading to
COX-2 inhibition and reducing inflammation.
• Evening primrose: Evening primrose oil has protective
roles against pro-inflammatory markers. This oil has
sterols such as β-Sitosterol and Campesterol that have
had suppressive effects on IL-1β and TNF-α production.
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•

•
•

•

vitamin C restores macrophage phenotype and function
leading to timely resolution of inflammation. Parenteral
vitamin C attenuates pro-inflammatory states in sepsis.
NF-κB: ROS and cytokines induce iNOS expression
through activation of NF-κB, a ubiquitous transcription
factor that plays a key role in regulating immune and
inflammatory responses. NFκB is persistently active
in a number of human diseases, including sepsis,
cancer, arthritis, chronic inflammation, asthma,
neurodegenerative diseases, metabolic disease, and
heart disease. Oxidative stress leads translocate of free
NF-κB to the nucleus and activate gene expression.
NF-κB regulates many biological processes such as
inflammation, immunity, differentiation, cell growth,
tumorigenesis and apoptosis.
• Stinging nettle - Urtica dioica - inhibitory potential on
pro-inflammatory transcription factor NF-κB.
• Zinc Carnosine inhibits expression of inflammatory
mediators in lipopolysaccharide(LPS)-induced in Raw
264.7 Macrophages, mainly by suppressing NF-κb
activation.
Decreasing mRNA: Decreasing the steady-state nitric
oxide synthase (iNOS) mRNA level.
Quercetin is very a potent modulator of iNOS expression
and it downregulates both the transcription and activity
of COX-2.
S. sclarea essential oil: Treatment with S.
sclarea essential oil has a strong hepato-protective
activity and significantly inhibited the mRNA expression
of iNOS which could help to develop essential oil based
therapeutics for liver diseases. Cytotoxic and apoptotic
activity. Unsure if it is selective for iNOS.

of diseases like age-associated neurodegeneration and
inflammation.
• Rosemary - Rosemary inhibits neutrophils infiltration
and reduces in pro-inflammatory mediators IL-1β and
TNF-α.

Other inhibitory mediators of iNOS/COX-2
The following mediators and their method of action needs
to be elucidated during the research phase of the book.
Further useful regulators also need to be included.
Aminoguanidine
Apigenin
Apigenin
Aristolochia Debilis
Arnica
B12
Caesalpinia Sappan
Cannabis
Cat’s Claw
Cinnamomum Cassia
Cinnamomum Loureirii
Cinnamon
Curcuma Longa
Curcuma Zedoaria
Curcumin
Daphne Genkwa
Debilis

Eugenia Caryophyllata
Galangin
Ginger
Glucosamine hydrochloride
Grape Extracts
Grapeseed proanthocyanidin
extract
Hemp Seed Oil
Morus Alba
Naringenin
Pterocarpus Santalius
Rehmania Glutinosa
Sage
Selenium
Silibinin
Tribulus Terrestris
Turmeric
Zedoaria

Inhibiting COX-2

UNKNOWN MECHANISM
• Borneol: Borneol is found abundantly in rosemary
oil - and acts as local anaesthetic, sedative and
antispasmodic. The biosynthetic oxidation product of
borneol is camphor.
• Hibiscus sabdariffa Linne (HSL) calyces increase cellular
antioxidant capacity and decrease oxidative stress.
It results in a significant decrease in activities of extra
cellular super oxide dismutase, glutathione peroxidase,
glutathione-S-transferase,
glutathione
reductase,
glutathione, lipid peroxidation. It is commonly
used against hypertension, pyrexia, inflammation,
liver disorders, kidney stones, and urinary bladder
stones. It is also used as an antibacterial, antifungal,
mutagenic agent, as well as a hypocholesterolemic,
antispasmodic, and cardioprotective agent. Chemical
constituents include polyphenols, flavonoids such
as anthocyanins, delphinidin, hibiscetin, quercetin
and gossypetin, protocatechuic acid, alkaloids,
L-ascorbic acid, carotenoids, anisaldehyde, galactose,
mucopolysaccharides, pectins, polysaccharides, and
stearic acid.
• Inositol - Inositol can become deficient through various
mechanisms. Inhibition of inositol monophosphatase
decreases levels of myo-inositol and preserves inositol.
Local inhibition would be preferred to systemic - see
macrophages.
• Resveratrol, a polyphenolic compound has shown an
outstanding therapeutic effect on a broad spectrum

IMPORTANT: Inhibit COX-2 selectively, only once iNOS
expression or enzyme activity is being inhibited.
• TNF-α block: mAbblock TNF-α inflammatory signalling
• COX-1 enzyme activity is required - normal digestive

function and protection. Some polyphenols inhibit COX1. Aspirin irreversibly inhibits COX-1 and modifies the
enzymatic activity of COX-2.
• Vitamin D: The active form of vitamin D produces dosedependent inhibition of COX-2.
• Licofelone: is a COX/5-LOX inhibitor, used in treatment
of osteoarthritis. This agent shows analgesic, antiinflammatory effects and neuro-protective properties in
central nervous system.
• Polyphenols,
flavonoids, carotenoids: Various
polyphenols, flavonoids and vegetable carotenoids may
act as weak COX-2 inhibitors.
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COX-2 inhibitor intolerance

Other chemical intolerances

Salicylates are relatively strong COX-2 inhibitors. A range
of chemicals with similar structure as Salicylates can
also inhibit COX-2. Inhibition of COX-2 interfere with
prostaglandin production thereby indirectly increasing
inflammatory leukotriene production through LOW
expression.
• Aspirin exacerbates respiratory disease
• Salicylates inhibit both COX-1 and COX-2

Innate capacities to neutralise dietary neurotransmitters
vary between individuals. High levels of these molecules
in food sources can disrupt normal neurotransmission
or other metabolic processes. Insufficient capacity for
neutralising these molecules lead to low tolerance for
food sources containing them leading adverse reactions in
sensitive individuals.
• Alkaloids: Nightshade family, caffeine, theobromine,
solanine, chaconine, nicotine
• Amines and free amino acids: Histamine, Serotonin,
Dopamine, free amino acids, free Glutamate,
NMDA, aspartate, Norepinephrine, Epinephrine,
Phenylethylamine, Tyramine (acts on adrenaline
receptors) Tryptamine, Cadaverine, Putrescine, Glycine
(some specific interactions in prefrontal cortex)
• Coumarins: tonka bean, woodruff, bison grass, clover
• Cyanogens, cyanogenic glycosides, and amygdalin:
seeds of many fruits and nuts, rose family, particularly
amygdaloideae - cherry, almond, peach
• Goiterogens: soy, chickpeas, cabbage family
• Lectins: beans, pulses, grains, nuts, nightshades
• Nitrates and Nitrites: Nitrates and nitrites are added
as a preservative to meats like bacon and high amounts
are found in some vegetables like spinach, beetroot
and celery. How vegetables are grown and processed
influence the nitrate content. They can cause headaches
and delayed muscle tension reactions the day after
consumption, possibly because nitrite and nitrosamine
production.
• Opioid Peptides: Opioid-like peptides are produced
during digestion when gluten grains, spinach and cow
dairy products (A1) are broken down. These peptides
act on the body’s endogenous opioid receptors, having
diverse effects including altering pain perception,
respiration, GI motility and sociability. Usually goat’s milk
is tolerated without problems.
• Oxalates and oxalic acids: Vegetables particularly leafy
green, sorrel, spinach, rhubarb
• Phytoestrogens: soy, chickpeas, diverse plant sources
• Protease inhibitors: beans
• Purines: chicken, organ meats, game, some seafood,
wheat, oats, asparagus, cauliflower, mushrooms, alcohol
avoidance.
• Sulphates: Sulphates sulphate break down into sulphites
in the body. Sulphite is a preservative in wines, beers,
soft drinks. Used to make fruits and vegetables look
fresh. Sulphur dioxide as dried fruit preservative and in
air. Sulphites destroy thiamine.
• Sulphur or sulphites: Sulphides and sulphites are able
to induce mast cell degranulation, leading to breathing
problems. Food sources of sulphur or sulphites,
particularly in vegetables like asparagus, cabbage, onion
and garlic, eggs. Sulphur compounds include various
natural thiol and sulphide compounds.

COX-2 inhibitors that may cause intolerances:
• Anthocyanidins
• Cyanidin (cherries, berries)
• Proanthocyanidins (chocolate, broad beans, nuts, wine)
• Delphinidin (berries, wine)
• Flavonoids
• Hesperetin (citrus fruits, peppermint)
• Naringenin (citrus fruits)
• Apigenin (parsley, peppermint, thyme, salad vegetables)
• Luteolin
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

(thyme, parsley, peppermint, peppers,
rosemary, citrus, leafy green vegetables)
Isorhamnetin (parsley, dill, chives, onions) Kaempferol
(capers, dill, kale)
Myricetin (parsley, berries, broadbeans, tea, citrus)
Quercetin (capers, dill, buckwheat, cocoa, onions,
peppers, berries)
Rutin (grapes, buckwheat)
Gallates and catechins
Catechin (broadbeans, fruits)
Epigallocatechin (broadbeans, tea)
Epicatechin (broadbeans, fruit, tea, wine)
Theaflavin (tea, buckwheat)
Gallates (tea)
Other polyphenols
Curcumin (turmeric)
Tannins (tea, coffee, wine, fruits, wild rice)
Carotinoids
Beta and alpha carotene
Lutein/zeaxanthin
Glycoalkaloids (nightshades e.g. potatoes, tomatoes,
eggplant, capsicum, tobacco)
Solanine
Chaconine

Chemical intolerances
Different people have different tolerance levels to
molecules such as alkaloids, salicylates, amines, glutamate,
sulphite and other additives. Intolerance symptoms occur
when tolerance levels are exceeded. Tolerance levels
may fluctuate based on exposure to periodic changes of
conditions that lead to intolerances.
APPROACHES
• Managing ratios of molecular intake can be an effective

way to circumvent intolerances or prevent systemic
changes that may lead to increased metabolic disruption.
• Optimise natural detox mechanisms, Anti-oxidants
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Pathophysiology

Inflammatory disorders

Increases or decreases in NO levels are therapeutical
depending on the condition or even at different stages of
the same condition.
It is important to understand physiological regulation
of NOS activity as well as the reasons behind the many
pathophysiological states in which alterations in NO
production play a role.
NOS enzyme dysregulation leads to alterations of the
NO system and excitotoxicity, oxidative stress, elevated/
decreased NO production is implicated in many diseases pertaining to intolerances, deficiencies, overloads, toxicity
and other etiological factors.
• NOS enzymes dysfunction
• Constitutive process dysfunction
• Inflammatory process dysfunction
• Chronic inflammatory signalling
• Infection and autoimmunity
• Deficiencies, overloads and intolerances
• Epigenetic changes of gene expression

OSTEOARTHRITIS (OA)
OA is considered as a slowly progressing inflammatory
disease which is characterized by the destruction of the
articular cartilage.
In normal joints, chondrocytes, synovial fibroblasts and
macrophages produce cytokines and growth factors at
low levels to maintain the homeostasis as the cartilage is
continuously remodelled.
In OA, the balance between catabolic and anabolic
mediators and their regulators is disturbed. In an attempt
to restore normal homeostasis, chondrocytes, the only
cellular component in articular cartilage, are activated to
produce growth factors and inflammatory and destructive
mediators.
IL-1β plays the most important role in cartilage destruction
and the increase in NO mediates many of its destructive
effects. Various other cytokines, PGs and ROS mediate the
pathophysiology of OA.
The genetic and epigenetic contribution to OA is highly
significant. In OA chondrocytes, there is reduced CpG
methylation in the IL-1β and iNOS promoter which
correlates with increased IL-1β and iNOS expression in OA.

LOCALISED VULNERABILITIES
• Glia induced neuronal injury
• Glia induced inflammation
• Decreased collagen and proteoglycan synthesis
• Peroxynitrite and concurrent
• RNS: NOS-dependent DNA damage
• ROS: Oxidative stress
• Ca2+ overload
• Impaired cellular respiration

Clinical features:
• Cartilage degeneration
• Synovium inflammation
• Subchondral bone remodelling
• Loss of joint function
• Pain, swelling, and joint tissue destruction

Enzymes and products that play a crucial role in OA.
• COX-2 expression induced by IL-1β
• Microsomal PGE synthase-1 (mPGES-1) producing PGE2
• iNOS producing NO +

Locally increased iNOS expression at inflamed sites
contribute to the pathogenesis of inflammatory arthritis.
• Increased local NO production
• Increases synovial blood flow
• Modulated cellular functions
Effects of NO:
• Activate matrix metalloproteinases
• Inhibit proteoglycan and collagen synthesis
• Induce chondrocyte cell death
• Enhancement of inflammation
• Sustains NF-κB activation providing a persistent

transcription of NF- κB dependent genes

APPROACHES
• iNOS-inhibitors slow down the destruction of the
articular cartilage.

33

RHEUMATOID ARTHRITIS (RA)

DEPRESSION

Normal joints do not express any iNOS. Expression of iNOS
is localised at inflamed joint sites.
RA is a chronic inflammatory condition associated with
elevated iNOS activity, endothelial dysfunction and
increased risk of cardiovascular disease. More proinflammatory than anti-inflammatory cytokines are
expressed. Synoviocytes, macrophages, and chondrocytes
in the joints of patients with rheumatoid arthritis express
iNOS and COX-2 - IL-1β and TNF- are important in RA
pathogenesis.
• Macrophages play an important role in modulating
inflammation and joint destruction.
• PGE2 causes several effects that may be relevant to
bone and cartilage erosion. At high concentrations,
PGE2 stimulates matrix metalloproteinase release that
degrade cartilage.
• iNOS is most strongly expressed in the synovial lining
layer, sub-synovium, vascular smooth muscle and
chondrocytes from RA patients. Immunolocalisation of
iNOS expression seen in osteoarthritis is similar to that
in RA, just much weaker.
• NO appears to be an important mediator of cartilage and
bone destruction. Synovium and cartilage are important
sources of increased NO production in patients with
inflammatory arthritis.
• Signalling molecules such as IL-1β, TNF-α and IL-6 have
been implicated in pathogenesis of RA.
• Immune cell infiltration into the synovium is considered
one of the principal characteristics.

The pathogenesis of depression involves low-grade
inflammation and endothelial dysfunction. Depression
symptoms may follow an immune response. Behavioral
and molecular changes in response to a challenge have
exposed the relationship between brain inflammation and
incidence of depression-like symptoms.
Peripheral infections can alter microglia elicitation
of cytokines in the brain. Microglia may over-express
amyloid A3 and cell adhesion molecule 3. This alteration
dysregulates pathways such as tryptophan metabolism,
which has been associated with depression-like behaviors.
Microglia response to immune challenge may be directly
associated with depression and anxiety symptoms.
MARKERS
• Biomarkers of inflammation (hsCRP, TNF-α, SAA,

sICAM-1)

• Biomarkers of endothelial dysfunction (sICAM-1, sE-

Selectin)

Immune disorders
ALLERGIES
Allergic disorders are characterized by Th2 responses
against innocuous environmental factors that result in
inflammation and the production of interleukin IL-4,
IL-13, and IgE. Genetic, behavioural, sex-specific, and
environmental factors contribute to the rising incidence
of allergic diseases. Environmental factors that contribute
to allergies are extremely broad and include a variety of
food, plant, insect, microbial and pollutant products.
Allergic sensitization initiates the atopic march, and
chronic exposure to environmental insults at epithelial
surfaces leads to the development of a spectrum of allergic
disorders ranging from dermatitis to asthma.

HARMFUL EFFECTS - NO
• NO activates matrix metalloproteinases
• NO inhibits collagen and proteoglycan synthesis by
chondrocytes
• NO promotes vasodilation, which leads to fluid and
cellular influx into an inflammatory site.
• NO also combines with reactive oxygen species,
producing peroxynitrite, which promotes chondrocyte
apoptosis.

AUTOIMMUNE DIABETES
Type 1 diabetes results from the destruction of insulinproducing pancreatic beta cells by a beta cell-specific
autoimmune process. The pro-inflammatory cytokines
TNF-α cause a marked activation of the ER stress
response. IL-1β induces a nearly 10-fold increase in NO
production. Human islet dysfunction is not prevented
by iNOS inhibitors, suggesting that NO is not a major
mediator of the deleterious effects of cytokines on human
islets. Studies have suggested that the main source of NO
production by human islets are the ductal cells and not the
beta cells themselves.

APPROACHES
• RA - Notable success has been achieved with Anakinra in
the treatment of rheumatoid arthritis and other chronic
inflammatory diseases such as gouty arthritis and
cryopyrin-associated periodic syndrome (CAPS).
• Neutralizing antibodies for TNF-α

APPROACHES
• Inhibiting of NO production prevents subsequent

damage to the pancreatic β cells.

MULTIPLE SCLEROSIS
Multiple sclerosis is an inflammatory diseases of the CNS, in
which astrocyte-activating cytokines have been shown to
exist. Characterized by progressive nerve damage and loss
of muscle function. Astrocytes are capable of expressing
high-output iNOS in response to cytokine stimulation.
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AUTOIMMUNE DISEASES

PANDAS

Convergent molecular pathways of existing or ameliorated
conditions may mediate autoimmune responses or
susceptibility to autoimmunity. Elicitation of additional
autoimmune disorders may have a low threshold that is
readily overcome upon initiation of immuno-pathogenesis.
NO acts as an inter-cellular messenger contributing to
the pathogenesis of various autoimmune diseases via cell
proliferation, differentiation, and apoptosis.
Various types of external events can trigger autoantibodies. Various exposures that can contribute to the
production of auto-antibodies. This process could begin
with a single exposure or trigger; however, a combination
of exposures or factors could also trigger a cascade of
events resulting in inflammation and production of autoantibodies. Numerous studies have shown that toxins and
pathogens can work synergistically - where the effect of
the combination of their presence is greater than the sum
of their individual effects.

PANDAS is short for Pediatric Autoimmune Neuropsychiatric
Disorders Associated with Streptococcal Infections. Strep
can hide from the immune system by modelling the
molecules on its cell to be very similar to molecules found
on the heart, joints, skin, and brain tissues. Eventually the
body recognizes the molecules as foreign and the immune
system reacts to them by producing antibodies.
The antibodies react not only with the strep molecules,
but also with the host molecules that were mimicked.
Antibodies trigger an immune reaction that attacks the
host’s own tissues. The auto-immune response to the brain
causes OCD, tics, and other neuropsychiatric symptoms.
Reactions to strep infections are most common between
ages of 3-12, but it can occur among adolescents. Adults
may have immune-mediated OCD.
Sudden appearance of symptoms like obsessions, motor or
vocal tics, moodiness, irritability, panic attacks or concerns
about separating from loved ones could indicate a strep or
scarlet fever infection.
Acute rheumatic fever is a complication of respiratory
infections. Antibodies that cross-react with auto-antigens
on connective tissue can lead to significant clinical illness.

• Autoimmune diseases include genetic predisposition
• Autistics have measured antibodies against CD26, CD69,

streptokinase, gliadin, casein peptides and ethyl mercury
bound to human serum albumin.
• Several altered biochemical pathways overlap
• Response to homologous peptides eg. molecular
mimicry of keratin proteins by strep
• Several molecules in T cells are associated with
autoimmunity

APPROACHES
• Increased expression of pro-inflammatory cytokines are

characteristic markers of immune activation.
• Azithromycin acts primarily by reducing production
of pro-inflammatory cytokines IL-12 and IL-6 by
lymphokines and increase the production of the
anti-inflammatory cytokine IL-10 in macrophage
cell lines. It suppress iNOS mediated NO production
and decrease mRNA expression, thereby promoting
apoptosis of inflammatory cells and a decrease in
nuclear transcription factors. It downregulates NFkB signalling, co-stimulatory molecules and alter the
function of antigen presenting cells. Innate immunity
is thus impacted as well. TLR4 and IL-12 are reduced
after azithromycin treatment; both of these signalling
pathways are involved in inflammatory processes as
well as in immune responses to streptococcal infections.
Polymorphisms in TLR4 and TLR2 susceptibility to strep
infections suggested mutations in TLR4 (D299G, T399I)
are associated with vulnerability to recurrent strep
infection. Immune activating factors such as IL-12, IL-6
and TNF-α released during step infection may contribute
to auto-antibody production.

AUTO-IMMUNE DISEASES
• Autoimmune thyroid disease
• Celiac disease
• Crohn’s disease
• Irritable bowel disease
• Multiple sclerosis
• Rheumatoid arthritis
• Systemic Lupus Erythematosus
• Type I diabetes
CO-MORBIDITY
• Higher frequency of autoimmune diseases among
psoriasis patients, possibly stemming from cytokine
pathways dysregulation. RA and Psoriasis: Genetic
associations is the expression of the RUNX1 gene

MARKERS
• Test to determine if a strep infection is present, starting
with the throat, if negative, continue to test sinus, anus,
vagina, urethral opening of the penis. In severe, invasive
infections the bacteria enters parts of the body such as
the blood, lungs, or deep muscle or fat tissue. Immunosuppression is a risk factor for developing severe
infections. If the culture is positive, for the throat a single
course of antibiotics may resolve the infection and for
other sites a longer course may be required. A longer
course increases risk of resistant endemic pathogens.
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Central Nervous System - CNS

STROKE

Development and maintenance of the CNS are regulated
by a balanced interaction of multiple factors. Slight
alterations in the relative expression of any one signal or
combination thereof can result in significant functional
and structural neuronal changes and might, under certain
conditions, lead to pathological states and cell death.
Neuro-inflammation, as well as more subtle changes, in
microglial function has been implicated in the pathogenesis
of many CNS diseases and disorders. Production of NO
by both neurons and glia is characteristic of neuroinflammation. NO and other factors activate spinal glia
- intracellular signalling cascades lead to increases in
cytokines that activate neighbouring neurons and glia.

Various cascades are associated with stroke, such as
oxidative stress, excitotoxicity, mitochondrial dysfunction,
upregulation of Ca2+ level.
• In severe hypo-tension or acute cardiac arrest absence
of blood flow to the entire brain may occur
• Occlusion or haemorrhage of one of the main arteries
supplying blood to brain tissues
• Curtailment of cerebral blood flow propagates brain
damage
• Blood flow reductions can be fatal to brain tissue that
undergo necrotic cell death
• Stroke can lead to long-term severe disability and death
- the second leading cause of death worldwide.

BRAIN INJURY
Disruption in the normal functioning of the brain can
lead to loss of homeostasis that can have devastating
implication on whole body.
TREATMENT
• Melatonin has a neuroprotective effect in various

models of brain injury because of its anti-oxidative, antiapoptotic, and anti-inflammatory properties.

CEREBRAL ISCHEMIA
Cerebral ischemia is a condition in which there is
insufficient blood flow to the cerebral tissue to meet
metabolic demand, such as oxygen and nutrients. Cerebral
ischemia is the major insult of stroke. Cerebral ischemia
activates glia - both astrocytes and microglia. Acute
inflammation results from excessive production of proinflammatory cytokines, leading to the exacerbation
of brain damage. Initial increases in NO stimulates
vasodilatation and angiogenesis. Extended iNOS activation
produce high levels of NO, generating reactive radicals,
such as nitrotyrosine and peroxynitrite.
• IL-1β - from microglia cytokines
• TNF-α - from microglia cytokines
• NF-κB - leads to production of various inflammatory
mediators - cytokines, chemokines, and vasoactive
peptides
• Glutamate excitotoxicity leads to nNos over-activation,
resulting in progressive neuronal death through
mitochondrial impairment and functional collapse
• NO generated from eNOS is critical in maintaining
cerebral blood flow and reducing infarct volume. If eNOS
enzymes become uncoupled, they produce superoxide,
resulting in generation of peroxynitrite and other
peroxidation reactions.

BACTERIAL MENINGITIS (BM)
BM is a pyogenic infection present in the subarachnoid
space, potentially fatal. IL-1β and TNF-α, amongst other
cytokines (CTs) are significantly increased. Some of the
cytokines increases blood-brain barrier permeability and
stimulate massive recruitment of polymorphonuclear
neutrophils. Treatment with IL-1β receptor antagonists
and anti-TNF-α monoclonal antibodies reduces these
effects. After the release in subarachnoid space, proinflammatory cytokines increase production of reactive
oxygen species that bind to lipids, proteins, and nucleic
acids, leading to the activation of cell death pathways.
• Cerebrovascular complications of bacterial meningitis
• Cerebral vasospasm following bacterial meningitis

APPROACHES
• Sutherlandia and American elderberry botanicals
demonstrate neuroprotective effects against oxidative
and inflammatory responses to cerebral ischemia and
amelioration of sensorimotor impairment by mediating
a number of cytoplasmic processes including oxidative
stress and neuro-inflammatory responses.

BIOMARKERS
• Selective expression of local and systemic CTs could be
a useful marker
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ADHD

NEURO-INFLAMMATION

ADHD is not homogeneous. Varying microglial activation
in multiple brain regions in AS adults translate to poor
attention span, hyper-focus, behavioural changes, and/or
impulsiveness. Motor and attentional functions associated
with the frontal cortex may be adversely affected. Hypofunction of dopamine pathways is a consistent feature of
the condition (modulated by elevated NO).
Altered serotonergic modulation as a result of
dopaminergic neurotransmission are associated with
agitated and aggressive behaviour.

iNOS expression is upregulated in association with neuroinflammation
Microglial activation - is often the initial step of neuroinflammation. Neuro-inflammation plays a role in
neurodegeneration. Microglia can undergo morphological
changes enabling their rapid migration to sites of injury.
Release of ROS, NO, glutamate, cytokines, phospholipasess,
proteases contribute to neuronal damage. Chronic neuroinflammation can contribute to progressive neurodestruction. Cytokines released by activated microglia
and astrocytes accumulate during the prolonged
activation. An abnormally high level of cytokines result in
neuronal death and loss of connectivity.

Brain activity
Combined ADHD
• Decreased basal ganglia and
prefrontal cortex activity
when concentrating on a
task
Primarily ADHD
• Decreased basal ganglia
and dorsal lateral prefrontal
activity when concentrating
on a task
Hyper-focus ADD
• Decreased prefrontal cortex
activity
• Increased anterior cingulate
gyrus activity

Outcome
Inattention,
hyperactivity,
impulsivity

APPROACHES
• Limiting microglial activation can be beneficial in

preventing neuro-inflammation and neurodegeneration.

Inattention, chronic
boredom, decreased
motivation, internal
preoccupation and low
energy
Cognitive inflexibility,
difficulty with
transitions,
excessive worrying,
argumentative
behaviour
Inattention,
Temporal lobe ADD
• Decreased temporal lobe hyperactivity, mood
instability, aggression,
activity
mild paranoia, anxiety,
• Decreased prefrontal cortex
atypical headaches
activity
or abdominal pain,
learning problems
Limbic ADD
Negativity, depression,
• Increased central limbic
sleep problems,
system activity
low energy, low self
• Decreased prefrontal cortex esteem, social isolation
activity

ALZHEIMER’S DISEASE (AD)
AD is characterized by cognitive decline due to atrophy of
the hippocampus and neocortex resulting from neuronal
and synaptic loss, the formation of amyloid plaques and
neurofibrillary tangles in the brain and degeneration of
cholinergic neurons and neuronal cell death.
• Aβ oligomers block hippocampal long-term potentiation,
electrophysiological correlate of learning and memory.
• Several factors such as Aβ production, NFT accumulation,
cholinergic dysfunction, inflammatory agents, oxidative
stress, mitochondrial dysfunction, glutamate-mediated
excitotoxicity, and genetic components are reported to
be involved in the pathogenesis.
• Deposition of Aβ is the result of an imbalance between
Aβ production and clearance. This imbalance leads to
a situation of chronic inflammation in the brain. Aβ
deposition contributes to the activation of astrocytes
and microglia, and induces the production of a series of
pro-inflammatory cytokines, chemokines, macrophage
inflammatory proteins, leukotrienes, ROS and NO.
Neuro-inflammatory cytokines may not only contribute
to neuronal death, but they might also influence classical
neurodegenerative pathways such as amyloid precursor
protein (APP) processing and tau phosphorylation.
• Glutamate excitotoxicity due to a deficit in glutamate
clearance in AD brain.
• Cholinergic excitotoxicity - Increased acetylcholine in
remaining cholinergic neurons may be neuro-toxic.

APPROACHES
• Caution: In many cases pharmaceuticals are the only

component of medical management of ADHD. Increasing
controversy over the widespread use of methylphenidate
and possible life-threatening effects from its longterm use make it essential that integrative treatment
regimens be implemented such as pro-homeostatic
dietary modification and nutrient supplementation.
• Caution: Pramipexole and methylphenidate might
promote microglial activation. Pramipexole promotes
NO release.

APPROACHES
• Cholinergic
neurotransmission optimisation Activation of α7-Nicotinic ACh receptors (α7-nAChR)
significantly inhibits the production of pro-inflammatory
cytokines.
• Anti-inflammatory: Donepezil may have potent antiinflammatory effects in AD patients, through direct
inhibition of pro-inflammatory gene expression,
resulting in reduced secretion of IL-1β, TNF-α and NO.
It may inhibit neuronal death and cognitive decline
by repressing oligomeric Aβ-triggered inflammatory
pathways in microglia.

ANXIETY
Anxiety is linked to microglial activation and its mediators
in neurodegenerative diseases due to release of proinflammatory cytokines IL-1β and TNF-α and production
of NO. Reductions in anxiety is correlated with reduced
microglial activation.
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APPROACHES
• Altering glial activation states is a highly promising
approach to control pathological pain.
• An example of a compound that targets microglial
activation is minocycline, a well-characterized microglial
inhibitor. Globally disrupting the function of microglia
as well as peripheral immune cells may produce
unintended side effects, such as increased susceptibility
to CNS infection.
• Cannabinoids: An alternative approach using
cannabinoid-related compounds appears to be very
promising for clinical pain relief. Cannabinoids may
act in an anti-inflammatory manner, and these antiinflammatory actions may have a glial role. Intriguingly,
the cannabinoid receptor subtype 2, CB2R, has been
identified primarily on microglia. Published reports
strongly suggest that activation of this receptor subtype
leads to pain control. Immune cells, including microglia
are now known to be involved in endocannabinoid
signalling cascades.
• CB2R is predominantly found on immune cells, such as
lymphocytes, neutrophils, and macrophages, with the
highest peripheral concentrations in the spleen, lymph
nodes, and testes. CB2R may up-regulated in chronic
neuropathic pain. Synthetic agonists selective for CB2R
have been shown to produce anti-inflammatory effects
with modulation of signalling cascades favourable for
controlling chronic pain. Relief from local inflammatory
pain, neuropathic pain, postoperative pain, and
osteoarthritis pain.

SEIZURES
There are various possibilities
• Excitotoxicity: prolonged release of NO. Overstimulated
NMDA receptors lead to prolonged release of NO, which
results in excitotoxicity. Excessive NMDA receptor
activation, consequently increases intra-neuronal Ca2+ through Ca2+/calmodulin-regulated NOS, enhances the
neurotoxicity of glutamate through the further release
of NO.
• Excitotoxitiy: impaired inhibition. B6 deficiency may
result in a large reduction in the GABA content of the
brain and subsequent loss of synaptic inhibition that may
cause seizures. GABA is synthesized from glutamate by
the enzyme glutamic acid decarboxylase, which requires
pyridoxal phosphate (B6).
• Inflammation: Monocytes invade brain tissue after
seizures in response to injury and contributes to
inflammation. Anto-convulsants (like Valproic acid) and
cortisones is a risk factor for selenium deficiency.
APPROACHES
• Selective iNOS inhibition: Licofelone: Using noneffective doses of selective inhibitors of iNOS,
aminoguanidine or 1400W, significantly increases the
seizure threshold when accompanied by licofelone in low
doses. NO is an important role player in the central neuroprotective properties of licofelone. Down regulation of
iNOS seems crucial for anticonvulsant properties of this
COX/5-LOX inhibitor in seizure susceptibility.
• Arginine deficiency: L-Arginine supplementation with
special precautions could have a positive role on seizure
treatment.
• Co-administration of Taurine and Glycine may reduce
electrical activity.
• Caution: Valproate can either increase microglial
activation or kill microglia at a variety of doses. Valproate
is neuroprotective in a time- and concentrationdependent manner mediated by a reduction in microglia
and pro-inflammatory NO, ROS, and TNFa released from
activated microglia.

PARKINSON’S DISEASE (PD)
PD is a motor system disorder, which results from loss
of dopaminergic neurons and there is a presence of
α-synuclein-containing aggregates in the substantia nigra
pars compacta. The four primary symptoms of PD are
tremor, stiffness, slowness and postural instability. At
present, there is no cure for PD. Chronic neuroinflammation
is a hallmark of PD pathophysiology. Activation of glial
cells and increases in pro-inflammatory factor levels
are common features in the PD brain. Chronic release
of pro-inflammatory cytokines by activated astrocytes
and microglia leads to the exacerbation of DA neuron
degeneration in the SNpc. Peripheral immune responses
is also implicated in the pathogenesis of PD. Infiltration
and accumulation of immune cells from the periphery are
detected in affected brain regions of PD patients.
Inflammatory responses result in aberrant α-synuclein
over-expression. Synergic activation of microglia and
astroyctes ultimately contributes to the enhanced death
of DA neurons. A pathological hallmark of PD is abnormal
accumulation of α-synuclein in neuronal cytoplasm and
neurites.
• Microglia is one of the major cell types involved in
the inflammatory responses in the CNS. Pronounced
microglia activation is seen in various regions of PD brain
and induces the production of high levels of IL-1β, TNF-α
and NO.
• Astrocytes also play vital roles in the neuroinflammatory
processes in PD. They respond to triggers such as
LPS, IL-1β and TNF-α by producing pro-inflammatory
cytokines.

NEUROPATHIC PAIN
Glia (microglia and astrocytes) create and maintain
enhanced pain states such as neuropathic pain, and
compromise the efficacy of morphine and other opioids
for pain control.
NO activates guanylyl cyclase and produce cGMP. Guanylyl
cyclase inhibitors reduce anti-nociception in pain models.
The role of NO in nociceptive transmission is unclear.
Systematically delivered iNOS inhibitors are evaluated for
migraine, inflammatory and neuropathic pain. iNOS can be
released in the spinal cord.
Microglia and astrocytes respond to spinal IL-1β and
TNF-α resulting in pathological pain, increased peripheral
immune cell (neutrophils, lymphocytes, monocytes,
macrophages) migration to critical regions of nociceptive
processing, such as the DRG and the spinal cord dorsal
horn also occurs in response to cytokines.
Neuropathic pain is indicative of CNS inflammation.
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DIABETES

• High levels of pro-inflammatory mediators including

•

•

•
•
•
•
•
•
•

IL-1β and TNF-α in the midbrain of PD patients, which
accelerate nigral DA neuron degeneration.
Excessive release of ROS during enzymatic dopamine
breakdown. α-synuclein, ATP and metalloproteinase-3
released from the degenerating DA neurons enhance
microglia activation, forming a vicious cycle of
neurodegeneration.
Over-expression of MMP-3 in microglia-neuron cocultures induces prominent activation of microglia and
increased ROS.
Impairment of mitochondrial function
Loss of trophic support
Abnormal kinase activity
Disruption of calcium homeostasis
Dysfunction of protein degradation
Neuroinflammation, sustained inflammatory responses
T cell infiltration, Glial cell activation.

• Cardio Vascular Inflammation: Diabetes increase the risk

•

•

APPROACHES
• Under specific conditions, oral administration of divalent

copper complex, Cu(atsm), may be neuroprotective and
restore motor performance. Treatment effect of Cu(atsm)
may be through the reduction of ROS produced through
the action of nNOS and iNOS. Cu(atsm) treatment
restores gastric motility by scavenging peroxynitrite.
• Inflammatory processes have been suggested as
promising interventional targets for PD and other
neurodegenerative diseases.

Glucose

•

INSULIN
Binding of insulin to insulin receptors on the cell surface
initiates a phosphorylation cascade along the IRS/
PI 3 kinase/Akt/eNOS pathway, stimulating formation
of eNOS and subsequent production of NO. Reduced
phosphorylation in the insulin-signalling pathway result in
decreased NO production.
• Insulin signalling modulates functions involved in blood
pressure regulation such as NO-mediated vasodilation.
• Insulin promotes the uptake of arginine into cells
• Insulin has been shown to decrease the expression
of angiotensinogen and Angiotensin I receptors in
endothelial cells.
Insulin resistance is linked to oxidative stress and
alterations in the NO pathway. Arginine improves insulin
resistance (special precautions apply).

•

for cardiovascular disease. Inflammatory mechanisms in
diabetic vasculature include pro-inflammatory cytokines,
vascular hyperactivation of nuclear factor-кB, increased
expression of cyclooxygenase and iNOS, imbalanced
expression of pro/anti-inflammatory microRNAs, and
dysfunctional stress-response systems (sirtuins, Nrf2).
Diabetic erectile dysfunction: Impaired nitrergic
neurotransmission underlie the pathophysiology of
erectile dysfunction. nNOS protein expression decreases
with progression of diabetes.
Diabetic impotence: The nitrergic system is essential
for penile erection. NO is the most important relaxant
mediator in the process of erection, namely increased
arterial inflow and restricted venous outflow from the
penis. The majority of NO eliciting relaxation in penile
tissue seems to be derived from nNOS in nitrergic
nerves. Nitrergic relaxations are deficient in the corpus
cavernosum of diabetic impotent men due to selective
nitrergic degeneration. This may be related to induction
of iNOS. 85% of the parasympathetic nerves innervating
the penis are nitrergic. In diabetes, parasympathetic
neuropathy occurs earlier than the sympathetic
neuropathy. Removal of nitrergic modulation of the
noradrenergic system leads to an apparent overactive
noradrenergic response. NO production during diabetes
has a role in the nitrergic degeneration of more than
65% of the nitrergic neurons. Destructive degeneration
might be the result of pro-oxidant agent peroxynitrite
produced in the presence of NO and ROS.
Diabetic GIT dysfunction. Diabetes-induced L-arginine
deficiency and consequent low levels of NO in the GI tract
could be possible cause for the GI dysfunction. This may
be prevented through supplementation of L-arginine
or L-citrulline, while simultaneously attenuating iNOS
expression and oxidative stress. Once oxidative stress
and iNOS expression is attenuated, L-arginine may inhibit
haemoglobin glycation and oxidative stress generation
in gastrointestinal tissues in chronic diabetes. Commonly
used antidiabetic drug therapy may not address iNOS
expression inhibition, arginine or other deficiencies.
In diabetes mellitus, the nitrergic system is dysfunctional
leading to selective nitrergic degeneration. Inhibitions of
NOS is neuroprotective in this condition and protected
the nitrergic nerves from morphological and functional
impairment.

Pulmonary diseases
NO acts as a bronchidilator, however, sustained production
of high levels of NO generated by iNOS results in
disruption of the airway equilibrium, increasing pulmonary
inflammation and impairing airway function.

INSULIN RESISTANCE
Insulin resistance is characterized by an inadequate
glucose uptake with altered glucose metabolism at a given
concentration of plasma insulin.

APPROACHES

• High salt intake exacerbates insulin resistance in salt-

• Strategies that support these natural mechanisms such

sensitive hypertensive subjects
• Angiotensin II cause an oxidative stress-related insulin
resistance. Binding of AII to angiotensin receptors also
inhibits insulin signalling - decreasing the insulin-induced
phosphorylation of the insulin receptor.
• Insulin resistance plays a key role in essential
hypertension.

as resolution of inflammation.
• One of the most reparative approaches is antiinflammatory cytokines IL-10 that provides a negative
feedback mechanism down-regulating expression of
pro-inflammatory cytokines.
• Other pro-resolution mediators include lipoxins,
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Asthma is a chronic airway inflammatory disease
characterized by fibrosis and airway constriction which
presents as wheezing, coughing, and shortness of breath.
Induction of iNOS by pollutants and infectious agents may
be one cause of the increased incidence of asthma and
may contribute to the exacerbation of the disease.
• In Th2-type allergic asthma Chronic Th2-inflammation in
the lung results in structural changes and activation of
multiple immune cell types, leading to a deterioration
of lung function over time. Most immune cells express
oestrogen receptors (ERα, ERβ, or the membrane-bound
G-protein-coupled ER) to varying degrees and can
respond to the hormone.
• iNOS is increased in airway eosinophilic cells and
infiltrating T helper (Th) 2 cells and mast cells.
• Oestrogen signalling modulates allergic inflammation
and contributes to sex differences in asthma - incidence
and severity of asthma is greater in women than in men.
Puberty, menstruation, pregnancy, menopause, and
oral contraceptives are known to contribute to disease
outcome in women.

resolvins, and protectins.

LUNG FIBROSIS
Fibrosis causes excessive collagen and extra-cellular
matrix deposition in an organ or tissue as part of an
attempted reparative process following injury. It may
represent an aberrant response to a single large injury
or persistent, repetitive injury. Fibrosis is associated with
many chronic inflammatory conditions, which suggests
that the beneficial reparative processes that restore tissue
homeostasis in physiological healing continue unchecked
and instead result in pathological damage and loss of
organ function.
In chronic obstructive pulmonary disease, fibrosis causes
remodelling of the small airways, contributing to airflow
limitation and by remodelling the parenchyma, severely
impairing gas exchange.
• Peritoneal and alveolar macrophages have been
demonstrated to regulate fibroblasts through the
release of IL-1β. The primary fibroblast stimulatory
factor in damaged lung epithelial cells is IL-1α.
• Under specific conditions, both IL-1α and IL-1β have also
been shown to directly stimulate collagen synthesis and
proliferation in fibroblasts.
• Transiently over-expressed IL-1β may lead to an acute
inflammatory response with severe progressive fibrosis.
• Over-expression of IL-1Ra reduces the incidence and
severity of collagen-induced arthritis. Lack of IL-1Ra have
an earlier onset of collagen-induced arthritis.
• Healthy smokers have significantly elevated levels of IL1β in their broncho-alveolar lavage compared to healthy
non-smokers, with IL-1β levels correlating in a cigarettedose-dependent manner.
• Auto-antibodies against IL-1α were detected in the sera
of 11/11 rapidly progressive IPF patients on the 21st
hospital day following admission for severe symptoms
(compared to 5/11 on the first hospital day) suggesting
that extracellular IL-1α may be an undesirable factor in
fibrotic lung diseases.

Skin
The skin is a dynamic organ that serves as a front line
defense against insults, injuries and microbial pathogens.
Given its constant exposure to the environment, immune
surveillance and immune tolerance are key roles of
the skin. The skin consists of the epidermis, dermis,
and adipose tissue or subcutis layers. The epidermis is
mainly composed of keratinocytes and Langerhans cells.
Alterations in microbial communities of the skin have
been associated with disease. Keratinocytes, the main
component of the epidermis, participate in initiating and
maintaining skin’s immune response.

PSORIASIS
Psoriasis is a chronic inflammatory inter-follicular skin
disease. Clinical features vary - with intermittent mild,
scaly erythematous patches, red, scaly lesions with heavy
infiltrate cell histology - does not generally result in hair
loss. Magnitude of dysregulation differs among skin types.
Other variables are gene-sets expressed, epigenetic
regulation, epidermal differentiation, and dendritic cell or
T-cell processes.
Psoriatic skin is characterized by increased proliferation
and abnormal differentiation of keratinocytes - cells are
rapidly matured with reduced lipids and keratohyalin
granules. Alterations in keratinocyte function produce
inflammatory factors that promote chronic, selfamplifying loops of immune activity.
• IL-1β, TNF-α and IL-6 are key signals in psoriasis
development.
• Elevated levels of eNOS, iNOS, NO expression in lesions
• NO promotes skin microvasculature formation and
keratinocyte proliferation
• Increase of infiltrating immune cells in the intefollicular
epidermis
• Psoriasis lesions contain large numbers of TNF-αreleasing macrophages. Macrophage depletion shows
significant improvement.
• Lymph drainage: In normal skin the LYVE1 gene is

APPROACHES
• Neutralisation of IL-1β has been shown to attenuate

•

•

•

•
•

silica-induced inflammation and fibrosis by inhibiting
other inflammatory and fibrogenic mediators.
A reduction in uric acid levels leads to a decrease in IL1β production, inflammation and fibrosis. Urate crystals
may cause membrane damage leading to inflammasome
activation and downstream release of IL-1β.
Uric acid plays an important role in lung fibrosis. Serum
uric acid has been shown to be associated with increased
30-day mortality and risk for acute exacerbations.
Maintaining the intracellular levels of NAD+ and ATP,
blocking the biological activities of TGF-β and integrins,
evaluating the effectiveness of PAF-receptor antagonists
and NOS inhibitors.
Cysteine pro-drugs with an high degree of bioavailability
Growth factors, exogenous stem cells, or drugs that
promote matrix remodelling could improve both the
short- and long-term prognosis

ASTHMA
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•

•
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CO-MORBIDITIES
Several of these disorders are associated with mediators
drive a pro-inflammatory response, as well as genetic,
epigenetic or pathological predisposition toward a
hyperactive immune response.
• Strep infection.
• Stress: Psychological stress is known to aggravate
psoriasis. See Stress.
• Sore throat: Patients with psoriasis are more prone to
develop sore throats than non-psoriatic patients.
• Cardiovascular disease: Psoriasis improvement after
bypass surgery has been observed
• Diabetes
• Hypertension: Patients with psoriasis have a higher risk
of developing hypertension than individuals without
psoriasis. (eNOS gene polymorphisms)
• Inflammatory bowel disease - autoimmune
• Metabolic syndrome
• Multiple sclerosis - auto-immune
• Obesity: Leptin and resistin can induce monocytes to
produce pro-inflammatory cytokines including IL-1β,
TNF-α and IL-8. Worsening of psoriasis after weight loss
has been observed
• Rheumatoid arthritis - auto-immune
• Systemic lupus erythematosus - auto-immune
• Alcohol consumption is associated with increased risk
of psoriasis. Patients with moderate to severe psoriasis
have an increased incidence of alcohol-related diseases
and mortality.
• Smoking - strong correlation between smoking and risk
of psoriasis. One study indicates that this risk is higher
among women than men, while another study showed
that the risk for developing psoriasis is higher in former
and current smokers than in those individuals who have
never smoked. Smokers with HLA-Cw6 haplotype have
an 11-fold increased risk of developing psoriasis
• Psoriasis patients have an increased risk of developing
numerous other autoimmune diseases

responsible for wide-open lumens of lymphatic channels
located in the upper reticular dermis, participating in
lymph vessel drainage. In psoriatic as well as healed
skin this gene is down regulated, contributing to the
collapsed morphology of draining lymphoid vessels and
inability to clear out infiltrating cells, leaving pathogenic
T cells in the tissues.
Cannabinoids receptors control elements of Krt6
expression, which decreases proliferation of epidermal
keratinocytes.
Psoriatic lesional skin have increased bacterial diversity
compared to healthy and non-lesional skin. Strep was
the most common species found in biopsies.
Nutrophils may be a requirement for psoriatic
development. Neutrophil depletion results in a dramatic
reduction of epidermal thickening, down regulation of IL1β and TNF-α as well as elimination of micro-abscesses.
Early skin lesion typically include degranulated mast
cells. Psoriatic skin have increased numbers of mast cells
and higher histamine concentration. The mast cells are
frequently activated and degranulated.

TRIGGERS
Triggers may be environmental, microbial or complex
cellular interactions.
• Infections: Infections are an important psoriasis triggers
or exacerbate chronic psoriasis.
• Strep tonsillitis: Tonsil infections have been shown to
be a possible trigger for psoriasis development. Strep.
may select and prime tonsillar T cells to migrate into
the skin, where they are reactivated and expand
promoting psoriatic skin lesion formations.
• Strep throat infections
• Strep pyogenes infection especially among children.
• Malassezia yeasts, part of the healthy cutaneous flora,
may trigger elicitation as well as for exacerbation of
psoriasis. Anti-fungal agent ketoconazole treatment
showed improvement of psoriasis.
• Candida spp. colonization in the oral cavity, as well as
in skin lesions. Candida releases super-antigens and
toxins exacerbate psoriasis by activating T cells and
keratinocytes cytokines secretion. C. albicans is the
most common candida yeast.
• Other infections: Helicobacter pylori, Malassezia and
Candida albicans colonization in the gut and/or skin
have also been linked to psoriasis exacerbation.
• Gene mutations: Only two gene mutations (IL36RN
and CARD14) have been found to independently induce
psoriasis by affecting both the skin and immune system.
• Microbiota: Changes in microbiota is associated with
disease. The skin is colonized by an estimated 1 million
different microorganisms in one square centimetre of
skin, including bacteria, fungi, viruses, and mites.
• Various factors that activate T cells. Psoriatic lesions
were dominated by clonal T cell expansions.
• Tattoos: Macrophages have been shown to react to
tattoo chemicals in psoriasis-prone patients potentially
contributing to the initiation of a psoriatic flare.

TOPICAL TREATMENTS
Caution
• TNF-α inhibitors have serious side effects:
RA, lymphoma, infections, congestive heart failure,
demyelinating diseases, induction of auto-antibodies,
lupus-like syndrome, and serious systemic side effects.
Paradoxical onset of psoriasis in patients treated with
TNF-α inhibitors has also been observed.
• Corticosteroid therapies: Systemic side effects observed
after corticosteroid therapies include hypertension,
osteoporosis, cataracts, glaucoma, and diabetes, among
others.
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Angiotensin II can act as a sympathetic neurotransmitter
for the central and peripheral nervous systems. Places of
expression include the reproductive system, the skin and
digestive organs. Angiotensin receptor blockers (ARBs)
can be used to prevent angiotensin II from acting on
angiotensin receptors. Direct renin inhibitors can also be
used for hypertension. Systemic inhibitors of angiotensinconverting enzyme (ACE) may affect the expression of
those local systems, beneficially or adversely. The ACE
enzymes cleave a number of peptides that are important
regulators of other systems - blocking ACE enzymes can
lead to side effects.
Release of anti-diuretic hormone (ADH). ADH is made in the
hypothalamus and released from the posterior pituitary
gland.
• Blockade of NO production, oxidative stress, moderate
to high insulin concentrations and advanced glycation
end product (AGEs) increase Angiotensin II production.
• Angiotensin II also increases the production of O2− by
the enzyme NADPH oxidase. High plasma Angiotensin
II levels in relation to sodium excretion is positively
associated with cardiac hypertrophy.
• Type 2 diabetes patients often suffer hypertension due
to the over activity of renin angiotensin system.

Cardiac and Vascular

NO contributes to various aspects of vascular health:
• NO is one of the major regulators of blood pressure. eNOS
is responsible for endothelial-derived NO production,
which activates guanylate cyclase to generate cyclic
(cGMP), resulting in vascular smooth muscle cell
relaxation and vasodilation, thus contributing to the
regulation of peripheral blood flow, vascular resistance
and blood pressure.
• Production of eNOS-NO is regulated in part by insulin
via insulin receptors on the cell surface.
• NO regulates renal blood flow and acts on all tubular
segments to reduce sodium reabsorption in the kidney.
• NO inhibits platelet aggregation, VSMC migration and
proliferation, and adhesion molecule expression and
monocyte adhesion.
• Cardiac allograft rejection - iNOS is implicated in
pathophysiology of cardiac transplant rejection.

ADVANCED GLYCATION END PRODUCT (AGES)
Arginine may act indirectly to limit AGEs formation by
improving insulin resistance and reducing oxidative stress,
thereby decreasing production of methylglyoxal and
other aldehydes. Arginine may also act directly by binding
to aldehydes, forming free glycation adducts that are
excreted in urine.

ANGINA
Angina is pain or discomfort felt when arteries that supply
the heart muscle with blood and oxygen become narrowed,
the blood supply to the heart muscle is restricted. Pain can
be felt in the chest, arm, neck, stomach or jaw. It can range
from a feeling of severe tightness or a dull ache.
• Variant angina - Coronary artery spasm
• Cardiac syndrome X - usually occurs during physical
exertion, for example physically activity or emotional
upset.

RENIN-ANGIOTENSIN SYSTEM (RAS)
The RAS is a hormone system involved in regulation of
plasma sodium concentration and arterial blood pressure.
If the renin-angiotensin-aldosterone system is abnormally
active, blood pressure will be too high.
When renal filtrate NaCl concentration and/or filtrate
flow rate is reduced (from loss of blood volume or loss
of pressure such as in hemorrhage, dehydration or other
factors), the kidneys secrete renin directly into circulation.
Angiotensin are peptides that were shortened by plasmarenin, which is converted to angiotensin II by enzymes that
are in blood vessel endothelial cells and lung capillaries.
Angiotensin II acts as an endocrine, autocrine/paracrine,
and intracrine hormone. It is a potent vaso-constrictor,
resulting in increased arterial blood pressure. Angiotensin
II also stimulates secretion of the aldosterone from
the adrenal cortex to increase renal sodium and water
retention. Aldosterone causes the tubular epithelial
cells of the kidneys to increase reabsorption of sodium
ions from the tubular fluid back into the blood, while at
the same time causing them to excrete potassium ions into
the tubular fluid which will become urine.

APPROACHES
• Nitroglycerin, taken sublingually (under the tongue), is
used to treat acute chest pain. The nitroglycerin reacts
with a sulfhydryl group (-SH) to produce NO.
• NO is considered antianginal: It causes vasodilation,
which helps with ischemic pain, by decreasing cardiac
workload. By dilating the arteries, NO lowers arterial
pressure and left ventricular filling pressure. This
vasodilation does not decrease the volume of blood the
heart pumps, but rather it decreases the force the heart
muscle must exert to pump the same volume of blood.
• Nitrates may be beneficial for treatment of angina due
to reduced myocardial oxygen consumption both by
decreasing preload and afterload and by some direct
vasodilation of coronary vessels.
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ANEURYSM

ARTERIOSCLEROSIS

An aneurysm starts as a permanent dilation in a blood
vessel. Aneurysms can be classified as macrophagemediated chronic inflammatory disease of the arterial
walls. Cerebral Aneurysms is an inflammatory disease.
It is a complex disorder involving numerous genetic and
environmental factors. Thoracic aortic aneurysm often
have a strong hereditary link that involves destructive
matrix remodeling and elastin fragmentation. Aneurysm is
associated with age, male gender, smoking, atherosclerosis
and hypertension.
Pathology is characterized by atheromatous plaques,
inflammatory cell infiltration in the medial and adventitial
layers, loss of vascular smooth muscle cell (VSMC) and
extracellular matrix (ECM) destruction.
Intracranial aneurysms (IAs) can cause a lethal
subarachnoid hemorrhage after rupture. While IAs are
very common, is a key component of the pathophysiology
is Infiltrating inflammatory immune cells that make
them rupture-prone, including mast cells, macrophages,
neutrophils, and T lymphocytes.
Macrophage infiltration, apoptosis, the loss of endothelial
cells, thrombosis in the lumen, and the proliferation
of medial smooth muscle cells are frequently and
robustly observed in ruptured IAs, suggesting a role for
macrophages in the rupture of IAs.
Rupture induces acute inflammation, and thereby
presumably shifts the balance among macrophage subsets.
In the rupture the balance of the lesion macrophage
phenotype subset shifted from M1-predominance to M2
after rupture.
Mast cells are located in aneurysm lesions. Inhibition
of mast cell degranulation reduces lesion size and
degenerative changes by reducing NF-κB activation,
monocyte chemoattractant protein-1 expression,
macrophage infiltration, matrix metalloproteinases and
IL-1β expression. Mast cell degranulation inhibitors may
be a therapeutic target for IA treatment. Emedastine
difumarate and tranilast are inhibitors for limiting mast
cell degranulation. Mast cell degranulation-inhibitors are
already widely used as anti-allergic drugs.

iNOS may be involved in the vessels becoming
arteriosclerotic. Lipid oxidation is a characteristic feature
of inflammatory vascular diseases and has been suggested
to sometimes play a causative role.
Upon exposure to cytokines or LPS, iNOS can be expressed
in most cardiovascular tissues. Under conditions of
decreased eNOS activity, iNOS may substitute the synthesis
of NO.
Increased intracellular calcium stimulates contraction
of vascular smooth muscle cells. Mechanical or
pharmacological activation increases the intracellular
calcium (Ca2+) concentration either from internal stores
(sarcoplasmic reticulum, SR) or by influx into the cell
following opening of calcium channels in the plasma
membrane.
• Dysfunction in the production and/or the bioavailability

of e-nos derived NO is associated with atherosclerosis

VASCULAR DYSFUNCTION
nNOS and iNOS are usually not detectable in healthy
vascular tissue. However, in atherosclerotic lesions all 3
isoforms are present. iNOS expression has been localized to
vascular smooth muscle cells and mononuclear leukocytes
in early and advanced atherosclerotic lesions.
Express eNOS and iNOS during inflammation may contribute
to vasomotor dysfunction in several cardiovascular
diseases, including atherosclerosis, hypertension, stroke,
and diabetes.
eNOS and nNOS are regulated by intracellular Ca2+
concentration. Their activity varies with intracellular
Ca2+ concentration.
Causes of vascular dysfunction.
• BH4 deficiency: iNOS expression impairs contraction and
relaxation by limiting availability of Tetrahydrobiopterin
(BH4). Normal relaxation produced by NO from eNOS in
endothelial cells is dependent on adequate levels of BH4.
In the absence of sufficient tetrahydrobiopterin, NOS
enzymes may become uncoupled, leading to production
of superoxide. Sepiapterin is a stable precursor for
tetrahydrobiopterin.
• Oxidative stress mediated insult attracts inflammatory
cells.

APPROACHES
• Aminoguanidine has been reported to have the

inhibitory effects on eNOS, nNOS and AGEs.
• Peroxisome proliferator-activated receptor-γ (PPARγ)
is a nuclear hormone receptor of which activation
modulates various aspects of inflammation, which could
significantly reduce the incidence of ruptured aneurysms
without affecting the total incidence aneurysm.
Pioglitazone treatment reduced the mRNA levels of
inflammatory cytokines - monocyte chemoattractant
factor-1, IL-1β, and IL-6.
VARICOSE VEINS
Increased TGF-b1 expression and presence of macrophages
(NO deficiency/monocyte adhesion), correlates with
overproduction of iNOS associated varicosity development.
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Hypertension (salt-sensitive and essential)

• AGEs formation
• eNOS

gene polymorphisms are associated with
hypertension susceptibility eg. G894T polymorphism

Alteration to any one of these major factors involved in
a complex biochemical network that maintains vascular
homeostasis potentially affects all others, leading to
impaired blood pressure regulation and hypertension.
Insulin resistance and its downstream effects including
altered glucose metabolism and advanced glycation end
product (AGEs) formation, as well as loss of bioavailable
NO, angiotensin II (AII)-mediated alterations and oxidative
stress have all been implicated in the etiology and/or
development of hypertension.

APPROACHES
• normalizing plasma arginine/ADMA ratio
• attenuating mononuclear cell (immature immune cells)
adhesiveness
• attenuating platelet aggregation
• It may be beneficial for individuals with, or at risk for
hypertension, particularly salt-sensitive hypertension,
to limit foods high in salt and to increase their intake of
foods containing arginine. a lifestyle change to include a
balanced diet such as the DASH diet, that is low in salt,
and rich in antioxidants and arginine-containing proteins
such as meat, fish, soy, nuts, whole grains, lentils and
beans, may be advisable to obtain the most benefit from
nutrients with antihypertensive properties.

Salt-sensitive and essential hypertension are
characterized by impaired endothelial function,
suggesting that a process that reduces bioavailable NO
may contribute to elevated blood pressure.

In salt-sensitive hypertension, NO production is not
maintained during salt overload. High salt either reduces
the ability to produce NO in the endothelium of renal
vasculature, or some condition exists in salt sensitive
patients (eg. oxidative stress) that disables the NO that is
produced before it can act.
Essential hypertension
Essential hypertension develops due to an interaction of
genetic traits and lifestyle factors such as diet. Arginine
appears to be less effective in lowering blood pressure
although it improves endothelial function. This reflects
the varying degree to which altered metabolism,
insulin resistance, alterations in the NO pathway and
RAS, or oxidative stress, are involved in these forms of
hypertension. In individuals newly diagnosed with essential
hypertension, plasma arginine and ADMA (asymmetrical
dimethyl arginine, a competitive inhibitor of arginine
uptake) levels were elevated.

EFFECTS OF ARGININE
• Arginine decreases advanced glycation end products
(AGEs) formation
• Improves endothelial cell function
• Arginine increases NO
• Arginine decrease levels of angiotensin II
• Arginine decrease levels of oxidative stress (under
specific conditions)
• Decreased peripheral vascular resistance
Diet plays an important role
Important: special precautions apply to arginine
supplementation
• A diet rich in arginine, and arginine treatment, lowers

blood pressure
• A diet rich in antioxidants
• Salt sensitivity: Reducing salt intake lowers blood
pressure - approximately half of hypertensive patients
are salt sensitive.

• Tetrahydrobiopterin infusion improved endothelium-

dependent vasodilation, suggesting endothelial
dysfunction (oxidative uncoupling of NOS)
• Oxidative breakdown of endothelial derived NO
is suggested in essential hypertensives. Increased
superoxide production diminishes NO availability.
• NOS uncoupling is implicated as the source of oxidative
stress (evident lipid peroxidation)
• Increased oxidative stress and reduced antioxidant
capacity. Increased NO production may be counteracted
by forces such as oxidative stress.
• Arginine (conditionally) improves insulin resistance
and NO production restoring vascular homeostasis,
Decreasing AGE formation, decreases AII levels, reduces
oxidative stress and improves endothelial function.
Salt sensitive hypertension

ENDOTHELIAL DYSFUNCTION
A key mediator of endothelial dysfunction is inflammation.
A reduction in endothelial NO production or bioavailability
contributes to endothelial dysfunction, which is a feature
of many cardiovascular pathologies - eg. Hypertension,
hyper-cholesterolaemia,
atherosclerosis,
diabetes,
heart failure. Endothelial dysfunction contributes to
disease pathophysiology and may even have a primary
pathogenetic role in some cases.
• iNOS activity mediates endothelial dysfunction possibly
via increased production of myeloperoxidase (MPO).
• Other contributing factors: iNOS is not the only
contributing factor to endothelial dysfunction. Elevated
cell-free haemoglobin, oxidative stress and more are
contributing factors to endothelial dysfunction in this
disease.
• Endothelial dysfunction of saphenous coronary vein
graft may stimulate iNOS expression that over a period
of time can affect the graft potency.

• Salt sensitivity or increased dietary salt (in salt-sensitive

•
•
•
•
•
•

individuals) - arginine is an effective anti-hypertensive
agent in salt-sensitive models.
BOTH: Insulin resistance and its downstream effects
Altered glucose metabolism
Alterated NOS-NO pathway
Arginine deficiency
Oxidative stress
Changes to vascular reactivity and kidney morphology
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GIT integrity, motility and voiding

of duodenal mucosal inflammatory and permeability
changes.
• Glial dysfunction (reactive phenotype) in both the ENS
and CNS has been implicated in neurodegenerative
diseases such as Parkinson’s disease (PD), prion
diseases, or metabolic diseases, and associated with
disruption of mitochondrial metabolism, common to
neurodegenerative disease. A common feature of these
diseases is dysmotility. Enteric inflammation and glial
abnormalities.
• Modulating the immune function - interaction is
offered by the association between stress and gut
inflammation. Stress can influence several functions
of the mucosal barrier, including permeability, mucin
secretion, IgA secretion, and microbial composition.
It modulates an immediate nonspecific inflammatory
response and collaborates with the immune system for
a joined response to pathogens. The mucosal immune
system can be modulated at the level of the central,
autonomic, peripheral, and enteric nervous systems.
The peripheral and enteric nervous systems modulate
the response locally, either through the release of
neuropeptides such as corticotropin-releasing hormone,
calcitonin gene-related peptide, substance P, and antimelanocyte-stimulating hormone, which amplify the
inflammatory response, or through the release of
vasoactive intestinal peptide, which has been reported
to inhibit inflammation. Substance P also triggers the
release of histamine and serotonin via degranulation of
mast cells or neuroendocrine cells, further amplifying
the inflammatory response.
• Deregulated parasympathetic function (stress) has
been strongly correlated with mast-cell degranulation
and insurgence of inflammatory bowel disease.
• Mast cells in the GI tract act as mediators of the enteric
nerve response. Activated mast cells release a wide
range of neurotransmitters and other pro-inflammatory
mediators. Deregulated mast-cell stimulation could lead
to unwanted inflammation.
The integration of multiple signals from the enteric
nervous system (ENS), the central nervous system (CNS)
and integrative centres in sympathetic ganglia. The
importance of the ENS is emphasized by the detrimental
effects of certain ENS neuropathies. Some neurons
within the enteric plexuses do not project to the central
nervous system, retaining the information in the gut
and contributing to an independent control system.
Neural signals also pass between distinct gut regions to
coordinate digestive activity, control of the musculature
of the gastrointestinal tract and transmucosal fluid
movement. Neural and endocrine control of digestion is
closely coordinated.

NO has been implicated in various motility and voiding
disorders of the GIT.
Gut motility is controlled by enteric inhibitory and
excitatory motor neurons that innervate the smooth
muscle layers. Peristaltic contractions are locally controlled
by the myenteric plexus.
Local enteric afferent neurons detect food bolus. 50% of
the nerves in the enteric nervous system contain nNOS,
located in the myenteric plexus and muscle fibres.
NO is the most important non-adrenergic, noncholinergic inhibitory neurotransmitter in the intestinal
tract. Inhibitory motor neurons mediate receptive and
accommodative relaxations and control the opening of
sphincters.
Impaired NO release is observed in diseases with nonrelaxing segments of the GIT. Nanomolar amounts of NO
produced by calcium dependent nNOS and eNOS has a
physiological role.
• Absence of NO results in an increased susceptibility to

injury.
• Defects in vagal innervation would lead to prominent
clinical abnormalities including gastric emptying
disorders.
• Genetic disorders may lead to tissue-specific defects of
the enteric nervous system.
• Neoplastic cells can invade the submucosa and thereby
disrupt the myenteric neurons.

ENTERIC NERVOUS SYSTEM (ENS)
The ENS controls the function of the gastrointestinal tract
- from the oesophagus to the anus.
The GI tract is composed of three plexuses that forms a
network of neurons and glial cells:
• Myenteric plexuses - the outer of the two—is formed
by a network of neurons and glial cells located between
the muscle layers of the GI tract.
• Submucosal plexuses
• Mucosal plexus - the mucosal layer contains a delicate
network of nerves and glia that collectively form the
mucosal plexus. It extends to the lamina propria mucosae
beneath the epithelial lining. It coordinates such reflexes
as secretion and absorption as well as motor control of
smooth muscles.
• The connection between the ENS, CNS and the
immune system plays a fundamental role in controlling
homeostasis of the gut. Deregulation leads to
gastrointestinal disorders related to food and/or bacteria
tolerance, for example, obesity, anorexia, bulimia,
inflammatory bowel disease, celiac disease, ulcerative
colitis and inflammatory bowel syndrome.
• Secretion and absorption, movements of the gut.
• Barrier integrity: Enteric glial cells seem to regulate
intestinal barrier function by releasing S-nitrosoglutathione, which upregulates the expression of
tight junction proteins in epithelial cells. Permeability:
Infections, stress, duodenal acid exposure, smoking, and
food allergy have all been implicated in the pathogenesis

MYENTERIC PLEXUS
In the myenteric plexus, cholinergic and nitrergic
interneurons are involved in the reflexes that control the
motility of the gastrointestinal tract. It is primarily involved
in the initiation and control of smooth muscle motor
patterns for peristaltic movements.
• Ascending and descending interneurons
• Motor neurones to the circular and longitudinal muscle
• Sensory neurones - submucosal plexus layer contains
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OESOPHAGEAL ACHALASIA

sensory neurones that communicate with the meyenteric
plexus and motor fibres that stimulate the secretion of
fluids in the lumen.
• Secretomotor neurones - responsible for regulating
enzyme output of adjacent organs.
Many myenteric neurones and nerve fibres contain NOS.
The largest anally projecting interneurons contain NOS and
two smaller classes which contain respectively ChAT and
NOS, and CHAT alone. The abundance of nerve cell bodies
and nerve fibres in the myenteric ganglia which contain
ChAT and/or NOS suggests that there are significant
populations of interneurons containing these enzymes.
Nearly all myenteric neurones with longitudinal projections
of longer than 10 mm in the human colon are likely to be
interneurons.

Oesophageal motility disorder characterized by
oesophageal aperistalsis and impaired relaxation of the
lower oesophageal sphincter. Patients with achalasia have
a reduction in the number of myenteric nitrergic neurons.
The histopathology of achalasia involves inflammation of
the myenteric plexus of the oesophagus with diminution
of ganglion cells.
Achalasia is characterised by deficiency in NO due
to loss of NOS-expressing nitrergic neurons, where
insufficient nitrergic neurons at the lower oesophageal
sphincter (LOS) impairs its ability to relax, leading to a
functional obstruction, dysphagia, and regurgitation.
Significant reduction in NOS containing neurons has
been demonstrated. Selective loss of inhibitory, nitrergic
neurons with preservation of cholinergic innervation.
Autoimmune, neurodegenerative, and viral etiologies
have been implicated in the pathogenesis of achalasia.
Achalasia may be secondary to a wide range of disorders
including genetic syndromes, viral infection, infectious
diseases, autoimmunity, neurodegeneration, neoplasm,
and chronic inflammatory conditions.

SPHINCTERS
The human body contains up to 50 sphincters, ringshaped structures encircling an opening or passage in
hollow organs such as the intestine and the bladder. These
sphincters control the entrance of material into, or the
release of contents from, these organs, and participate in
a variety of biological functions essential for homeostasis.
Structural or functional deviations can have severe
consequences leading to diseases/disorders including
gastroesophageal reflux disease, achalasia, gastroparesis,
dysphagia, recurrent episodes of pancreatitis or biliary
pain, faecal incontinence and urinary incontinence.
The basal tone keeps the sphincters closed and requires
constant force generation from the smooth muscle cells.

• Acetylcholinesterase inhibitors (eg. nightshade plants)

•
•
•

OESOPHAGUS
Myenteric neurons are important in maintaining the
resting basal tone of the upper oesophagus.
• Peristaltic contractions - acetylcholine has an excitatory
effect and NO has an inhibitory effect.
• In the oesophageal body inactivation of NO, has been
shown to produce simultaneous oesophageal body
contractions and failed lower oesophageal sphincter
(L0S) relaxation. The inhibitory myenteric neurons
innervating the LOS are nitrergic in nature.
• Inhibitory, NO motor neurons act on the L0S to produce
the relaxation that accompanies a swallow.
• Mechanisms that control the oropharyngeal phase
of swallowing also control muscles necessary for
speaking, oral bolus retention and laryngeal protection.
Hoarseness, sysarthria.

•

•
•
•

•

LOS VOIDING
The LOS relaxes through the release of NO from myenteric
neurons that innervate it.
• Impaired NO release is observed in diseases with nonrelaxing sphincters.
• nNOS deficiency may increase lower sphincter
relaxations and gastroparesis. ISDN tablets are used to
treat oesophageal spasms.
• Transient LOS relaxation is important in gastroesophageal
reflux disease.
• ATP or related purines play a role in the non-nitrergic
component of the relaxation of the LOS.

•

•
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significantly increase the LES pressures in patients with
achalasia.
Impaired swallow-induced LES relaxation
Intense inflammatory infiltration of the affected regions
of the oesophagus of the myenteric plexus
Botulinum toxin has been introduced as a novel
treatment for achalasia. Botulinum toxin acts to inhibit
the exocytosis of acetylcholine from cholinergic nerve
endings.
In healthy individuals, circular muscle strips of the LOS
relax in response to electrical field stimulation through
the activation of NO containing inhibitory neurons.
Inhibition of nNOS increases the resting tone of
the LOS and nearly abolishes LOS relaxation.
Exogenously administered nitrates that act as NO donors
in the treatment of achalasia.
A marked decrease in both ganglion cells and NO
neurons has been demonstrated in the gastric body
of some achalasia patients, suggesting that the enteric
neuropathy can extend beyond the oesophagus.
Serum antibodies against myenteric neurons were found
in seven of 18 achalasia patients. Neurodegenerative
changes in achalasia are likely to be secondary to viral
or autoimmune-mediated destruction of the enteric
ganglia.
Secondary achalasia can occur in a form that is isolated
to the oesophagus or part of a generalized motility
disorder affecting parts of the gastrointestinal tract.
Administered intravenous glyceryl trinitrate, a NO
donor, to patients with diffuse oesophageal spasm and
observed a dose-dependent elongation of the latency
period as well as significant decrease in contraction
duration. Administration of intravenous L-arginine, a NO
precursor, did not have demonstrable effects. However,
the study does support the hypothesized defect in NO
innervation.

one external. Faecal incontinence can be the result of a
disrupted internal sphincter.
Internal anal sphincter activity is relaxation in response
to rectal distension, a phenomenon called the rectoanal
inhibitory reflex. This reflex permits defaecation and
facilitates anorectal sampling. The neurotransmitter
released by these enteric inhibitory neurones is NO.
NO is an important inhibitory neurotransmitter in
the gastrointestinal tract. NO mediates the rectoanal
inhibitory reflex.
Inhibitory nitrergic nerves mediate the reflex and their cell
bodies lie in the rectal myenteric ganglia. Their processes
traverse the rectal myenteric plexus to gain access to the
sphincter.
The internal anal sphincter forms part of the inferior rectal
plexus. It contains cholinergic, adrenergic and nitrergic
fibres.
Loss of basal tone in internal anal sphincter leads to
disorders such as faecal incontinence.

GASTROESOPHAGEAL REFLUX DISEASE
(GERD)
The movement of gastric contents into the esophagus
can be due to a weakness or defect in either one of the
two lower esophageal sphincters. Low basal sphincter
pressure can lead to free reflux, especially in the supine
sleep position, and increased frequency of transient lower
esophageal sphincter relaxations with normal or increased
resting LES pressure leading to reflux during the day in an
upright position.
In mild-to-moderate, typically non-erosive, reflux disease,
the pressures exerted by the lower esophageal sphincter
is normal. In such cases the mechanism of reflux is due
to transient spontaneous and inappropriate sphincter
relaxations.
It consists of a long period of 10-60 seconds of simultaneous
relaxation of both the intrinsic distal esophageal sphincter
- representing a neural reflex that is mediated through
the brain stem. The efferent pathway for such relaxation
is in the vagus nerve, and NO is the postganglionic
neurotransmitter. Gastric distention and pharyngeal
stimulation are two possible mechanisms by which the
afferent stimulus that initiates transient relaxation of the
LOS may originate. Gastric distention, upright and right
lateral decubitus postures, and high-fat meals increase the
frequency of such relaxation.
Gastroesophageal reflux can damage the esophageal
mucosa.

STOMACH VOIDING
Nitrergic pathways contribute to gastric relaxation and
enhanced gastric accommodation induced by glucagonlike peptide-1 (GLP-1). Gastric accommodation is controlled
by a vago-vagal reflex triggered by meal ingestion and
mediated by the activation of nitrergic nerves in the
gastric wall.

CIRRHOSIS

APPROACHES

Hyperdynamic circulation in cirrhosis is characterised
by low arterial pressure, high cardiac output, splanchnic
vasodilatation, and low systemic vascular resistance.
Plasma concentrations of NO and its metabolites nitrite
and nitrate are increased. Significant tissue expression of
iNOS. iNOS over-expression and increased NO generation
may be associated with the hyperdynamic circulation in
cirrhosis.
• Bacterial translocation and endotoxaemia may trigger
iNOS over-expression in individuals with impaired gut
integrity.

• Inhibition of NO might be of benefit for patients with

•

•

•

•

gastroesophageal reflux disease. Intravenous infusion of
the NOS inhibitor N-monomethyl-L-arginine in healthy
volunteers caused a decrease in the gastric distensiontriggered TLESR’s and an increase in oesophageal
peristaltic amplitude and velocity.
NOS inhibitors: NO is the major post-ganglionic inhibitory
neurotransmitter to the LOS. Nitrergic neurons are also
present in the dorsal motor nucleus of the vagus, the
source of pre-ganglionic motor neurons to the LOS, and
recent evidence suggests that there may be a novel
nitrergic, pre-ganglionic, vagal pathway involved in LOS
relaxation. It seems logical therefore, that blockade of
NOS might inhibit tLOSRs.
Chronic administration of NO substrate, L-arginine,
prolongs the postprandial increase in spontaneous and
inappropriate sphincter relaxations.
The therapeutic potential of NO inhibition remains to be
determined. At present, no orally effective agents exist.
Inhibition of NO is associated with effects on motility in
other areas of the gastrointestinal tract as well as in the
cardiovascular system, urinary bladder, and respiratory
tract. Unless specific and well-targeted antagonists
of nNOS can be developed, unwanted side effects are
likely to preclude this pharmacologic approach to the
treatment of GERD[34].
Dietary alterations for acid reflux may include reduced
sugar and fat intake, increased fiber intake.

CONSTIPATION (IMPAIRED MOTILITY)
Constipation and several other intestinal motility disorders
relate to the enteric NO system. Nerve activity is necessary
to drive EGC motility. Ca2+ waves that can influence or
modulate neural-motor activity.
• Bacterial overgrowth: Bacterial overgrowth impair
phase III contractions. Selective inhibition of NOS could be
a treatment option in patients with bacterial overgrowth
due to an impaired phase III activity. (Inhibitors of NOS
initiate premature phase III contractions whereas NO
donors disrupt the migrating motor complex)
• Constipation: Idiopathic slow-transit constipation is due
to abnormal neurogenic factors. There are numerous
NOS-positive neurons all along the colon and myenteric
plexus. Excessive production of NO may cause the
persistent inhibition of contractions. Reduced number
of myenteric plexus neurons correlates with idiopathic
chronic constipation.
• Increased intestinal barrier permeability is associated
with disruption in cholinergic and nitrergic neurons of

ANAL VOIDING
There are two sphincters at the anus - one internal and
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Hepatic

the myenteric plexus.
APPROACHES
• Treatment with iNOS inhibitors and L-arginine (special
precautions apply) may restore gastric emptying and
intestinal transit by optimise NO levels in GI tissues.

LIVER FIBROSIS
In the liver, small amounts of NO generated by eNOS
are thought to be important for liver homeostasis and
protective against pathological conditions. iNOS can be
induced in almost all hepatic cells in response to a wide
range of stimuli - eg. microbes, inflammatory cytokines
and pathological conditions. It generates large amounts
of NO, which is implicated in the etiologies of many liver
diseases, including liver fibrosis.
• iNOS: Increased iNOS expression contributes to
liver sinusoidal endothelial cellscapillarization and
subsequently, hepatic fibrosis.
• Hepatic stellate cells (HSCs): In response to stimuli,
quiescent HSCs become activated and transformed
to myofibroblasts, which produce collagen and other
extracellular matrix proteins leading to liver fibrosis
• Kupffer cells: Activated Kupffer cells produce a wide
variety of pro-inflammatory cytokines, such as TNFα, IL6, and TGFβ, leading to the production of extracellular
matrix (collagen fibers) and thereby, liver fibrosis. Also,
large amounts of NO is produced. NO reacts with ROS to
form RNS, such as peroxynitrite (ONOO-).
• Glutathion: Depleted GSH and/or other antioxidant
molecules may increase the risk of ONOO--induced liver
damage

COLON CANCER
Inflammation plays a pivotal role in development of
colorectal cancer. Pro-inflammatory cytokines, PGE2s and
NO are involved in carcinogenesis, especially in promotion
and progression stages. Recruitment of neutrophils and
macrophages play important roles in disease progression
- promoting TNF-α and iNOS expression, followed by
epithelial tissue damage, DNA damage, tumour growth.
Carcinogens cause mutations in oncogenes or tumour
suppressor genes in colonic epithelial cells. Inhibiting
inflammatory responses suppresses colon tissue damage
and colon carcinogenesis. iNOS inhibitors are developed
for inhibiting colon cancer and various organ site cancers.
APPROACHES
• Selective iNOS inhibitors are good candidates as

chemopreventive agents against colon cancer
• iNOS expression is down-regulated by inositol
hexaphosphate (IP6) colon cancer cells through its anticancer and anti-inflammatory abilities. It suppresses
the expression of gene encoding iNOS isoform at the
transcriptional level.

APPROACHES
• iNOS inhibition in HSCs are implicated in antifibrosis.
• Appropriate levels of NO causes apoptosis of
myofibroblasts, reducing liver fibrosis.
• Modulation of iNOS expression or iNOS inhibition could
be a therapeutic target for liver fibrosis.
• High levels of glutathione (GSH) scavenge ONOO

CELIAC DISEASE
Celiac disease is an autoimmune disease triggered by
gluten ingestion that affects the small intestine.
• Vitamin D deficiency is commonly seen in celiac disease
• Gluten and Gliadin exposure may trigger a proinflammatory cytokine cascade
TREATMENT
• Implementing a gluten free diet or balancing food intake.

Urinary

ULCERATIVE COLITIS

UREA CYCLE

Enteric glial cells (EGCs), such as astrocytes, serve a vital
and active role in the enteric nervous system of maintaining
homeostatic regulation of gastrointestinal functions. EGCs
communicate through Ca2+ signals, Ca2+ oscillations, or
Ca2+ waves to modulate neural circuit activity and motility.
Their excitability is determined by their Ca2+ responses.
Inflammatory disease states can convert the EGCs to a
“reactive EGC phenotype”. Reactive glial phenotypes
relate to inflammatory bowel diseases, bacterial and viral
infections, postoperative ileus, functional gastrointestinal
disorders, and motility disorders.
• Destructive factors include TNF- α, IL-1β, IL-6,
chemokines, and NO.
• Damage may be caused by overproduction of NO by
iNOS in the colonic smooth muscles.
Approaches

The complete urea cycle occurs in the liver. Nitrogen,
produced through protein breakdown, circulates in the
body as ammonia (NH3). Ammonia is then converted into
urea via the urea cycle and disposed of in the urine.

DEFECTIVE UREA CYCLE
IMPORTANT: Determine causes of high ammonia.
Metabolic damage from urea cycle disorders, need to be
addressed promptly, to reduce neurological damage and
lower the risks of morbidity and mortality.
Urea cycle disorders: Arginase deficiency or hyperargininemia is one of the 6 urea cycle disorders. Conditions
that may lead to elevated levels of catabolism:
• Excess dietary protein intake
• Breakdown of protein through catabolic processes
• Stress of the new-born period
• Infection
• Dehydration
• Low caloric intake
• Injury, Surgery

• EGC is explored as therapeutic target for GI diseases.
• Selective iNOS inhibition could be a treatment strategy

in this life threatening condition.
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activity via acetylcholine (ACh) binding to muscarinic M3
receptors. These reflexes are also organized in the spinal
cord and presumably play a role in urine storage and
elimination. Alterations in primitive bladder-to-urethra
and urethra-to-bladder reflex mechanisms may contribute
to neurogenic bladder dysfunction.
Various metabolic disturbances can lead to decreased
compliance.

HYPER-AMMONEMIA
High ammonia levels should be recognized early and
treated as an emergency. Ornithine transcarbamylase
deficiency causes serious complication of standard therapy
for hyper-ammonemia.
• Episodes of hyper-ammonemia may be secondary to
increased protein intake, and increased catabolism.
• Valproic acid decreases urea cycle function and increases
serum ammonia levels.

APPROACHES
• Optimising NO levels may alleviate bladder contractile

MARKERS - HYPER-AMMONEMIA
This is an extensive subject, here are only a few key points.
• In defect urea cycle, glutamine and alanine are elevated
- these elevations may precede hyper-ammonemia and
can serve as useful biochemical markers.
• Hyper-ammonemic crises in neonates with a urea cycle
defect mimic sepsis and can be mistaken as such. Any
neonate or infant with clinical signs suggesting sepsis
and substantial hyper-ammonemia (plasma ammonia >
150 umol/L) should undergo a thorough investigation
for a metabolic defect.
• Diagnostic and therapeutic interventions in a child
with hyper-ammonemia should be undertaken
simultaneously as both the degree and duration of
hyper-ammonemia directly correlate with prognosis.
• Plasma ammonia level is a direct index of CNS toxicity
and is important to follow for acute management.
• Respiratory alkalosis, in absence of ketoacidosis.
• Return blood ammonia levels to normal (high caloric,
low protein, amino acid supplementation)
• Ornithine transcarbamylase deficiency should be
considered in adult patients who present with
unexplained hyperammonemic coma and for all adult
patients presenting with cryptogenic new-onset seizure
and laboratory finding of elevated blood ammonia
levels. It is important to recognition of this potentially
reversible cause of life-threatening encephalopathy
early, as timely recognition and appropriate treatment
can be lifesaving.
• Arginase deficiency may present as a subacute or chronic
neurologic syndrome with spasticity and cognitive
impairment rather than as an acute hyperammonemic
syndrome.

dysfunctions

Female
ELEVATED OESTROGEN
Elevated oestrogen signalling is associated with a variety of
human diseases including breast and endometrial cancer,
cardiovascular disease, osteoporosis, and Alzheimer’s
disease. Oestrogen levels, especially abrupt oestrogen
spikes - correlate with symptom severity.
• Breakdown of arginine: Oestrogen increases arginase 1
(Arg1) activity, which breaks down arginine.
• Adaptive immunity: Oestrogen signalling has profound
effects on adaptive immunity. Women are at greater risk
for pathologies associated with immune responses to
infection, autoimmune diseases and allergies.
• Mast cells: Mast cells in female reproductive tissues
increase and decrease with the oestrous cycle,
suggesting that oestrogen regulates mast cell migration
and biology.
• Allergic inflammation: Oestrogen signalling impacts
strongly on allergic inflammation. 40% of women
experience premenstrual exacerbations of asthma.
50% of women hospitalized for asthma symptoms are
identified as premenstrual.
• Oestrogen spikes: Spikes oestrogen levels correlate with
reduced lung function. Lung function is generally worse
during the late follicular phase, when oestrogen levels
are highest. Precaution: Although abrupt oestrogen
spikes are alleviated with oral hormone therapy use,
overall worsening of symptoms has been reported.
Causes of elevated oestrogen
• Stress - the adrenal system increases oestrogen levels
• Impaired elimination - constipation

BLADDER VOIDING

• Impaired liver detoxification of hormones - deficiencies/

Voiding involves complex interactions organized in the
brain and spinal cord of cholinergic, adrenergic, nitrergic
and peptidergic systems. Some reflexes promote urine
storage; whereas other reflexes facilitate voiding. Storage
reflexes are dependent upon inter-neuronal circuitry in
the spinal cord. Mechanisms in the pontine micturition
centre inhibited voiding during the storage phase. Bladder
continence and voiding results from parasympathetic
muscarinic receptor activation of smooth muscle. During
voiding, a parasympathetic nitrergic inhibitory input to
the urethral smooth is activated. This reflex mechanism
which is triggered by bladder afferents. Contraction of
the external urethral sphincter activates afferents that
inhibit reflex bladder contractions; whereas infusion of
fluid through the urethra facilitates bladder contractions.
Detrusor contractions are stimulated by parasympathetic

overloads

• Environmental exposures
• Excess body fat (> 28%) - produce more oestrogen

Uterine disorders
ECTOPIC PREGNANCY
Cyclicity in iNOS production by human fallopian tube
during the menstrual cycle. The cyclicity in iNOS expression
by the tube suggests its involvement in fertilization and
early embryonic development. Pathologic generation of
NO through increase iNOS production may decrease tubal
ciliary beats and smooth muscle contractions and thus
affect embryo transport, which may consequently result
in ectopic pregnancy.
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DYSMENORRHOEA

insulin sensitivity and repair of the vasculature
• Resistin - expressed by macrophages and peripheral
monocytes in the stromal compartment of the adipose
tissue. Resistin is involved in pro-inflammatory responses
by causing an increase in the expression of TNF-α.
Resistin levels in serum and plasma are associated with
disease severity.
• MPO - a pro-inflammatory protein that can be stored
in leukocytes and secreted upon activation of the
cells during inflammatory processes. The conversion
of chloride and hydrogen peroxide to hypochlorite - a
strong reactive oxygen species is catalysed by MPO.
Although several cell types can produce MPO, incl.
monocytes, macrophages, Kupffer cells, and microglial
cells, nearly all of the circulating MPO is produced by
polymorphonuclear neutrophils. MPO has emerged as
a biomarker for CVD as well as generalized stress and
inflammation.
• High-sensitivity CRP - sufficient systemic inflammation
to raises hepatic-derived CRP, a risk factor for CVDs. A
number of systemic inflammatory diseases such as
RA, systemic lupus erythematosus (SLE), and chronic
gingivitis are associated with increased risk of CVDs and
CRP elevation.

APPROACHES
NO donors may be useful in the treatment of
dysmenorrhoea and for promoting fertility. Anti-progestin,
progesterone receptor modulators and iNOS inhibitors
may find applications in the treatment and prevention of
abnormal uterine bleeding.

Systemic
SEPTIC SHOCK
Septic shock is a condition that is marked by severe
infection causing hypotension requiring vasopressors to
maintain adequate perfusion to vital organs. Septic shock
remains a leading cause of death in intensive care units.
• Inflammatory stimuli like LPS and cytokines, stimulate
NO production by iNOS.
• TNF-α, one of the main cytokines responsible for septic
shock.
• NO overproduction is a key factor in the vasodilation,
catecholamine resistance, and cardiac depression seen
in septic shock.

EHLERS-DANLOS SYNDROME (EDS)

CHRONIC FATIGUE

MUSCULOCONTRACTURAL | HYPERMOBILITY
EDS abnormalities in synthesis and mobility of collagen.
Known disease-causing genes. Symptoms incl. hypermobile
joints, stretchy vasculature, skin, poor healing, atrophic
scaring, intestinal/uterine fragility. Early-onset varicose
veins. Arterial rupture may be preceded by aneurysm.
Ehlers-Danlos syndrome type IV, a rare disease caused by
abnormal synthesis of collagen type III, have a structural
vascular fragility predisposing to cerebral aneurysm
formation as well as arterial dissection and carotidcavernous fistulas.
Atrophy of collagen fibres supporting blood vessels in skin.

CFS is a conserved, hypometabolic response to
environmental stress similar to Dauer.
• Among the many metabolic disturbances - cerebral
cytokine dysregulation. Possible triggering events fall
broadly into five groups: biological (viral, bacterial,
fungal/mould, and parasitic infections), chemical
exposures, physical trauma, psychological trauma, and
unknown.
• Biomarkers: phospholipids, glycosphingolipids, purines

ATAXIA
Neurological signs consist of lack of voluntary coordination
of muscle movements that includes gait abnormality.
Ataxia is a non-specific clinical manifestation implying
dysfunction of the parts of the nervous system that
coordinate movement, such as the cerebellum. Ataxia
can be limited to one side of the body, which is referred
to as hemiataxia. Several possible causes exist for these
patterns of neurological dysfunction. Dystaxia is a mild
degree of ataxia.

APPROACHES
Seek immediate medical attention for sudden, unexplained
pain. Regular blood pressure monitoring and periodic
arterial screening, routine colonoscopy. Avoid trauma.
Tendon/muscle rupture.

CHRONIC INFLAMMATION
Inflammatory diseases have a neuronal as well as an
immune component. Inflammation induced neuronal
damage or loss may be due to iNOS and nNOS overexpression. Increase NO production via other pathways
may also lead to neuronal damage or loss.
Pro-inflammatory states progressively overwhelm the
counter-balancing mechanisms. Exacerbated inflammation
results in the progressive recruitment of inflammatory
mediators that result in recurrent chronic inflammatory
disease.

IMPAIRED LYMPHATIC FUNCTION
A major role for the lymphatic system is the clearance
of inflammatory responses. Lymphatic function critically
contributes to reverse cholesterol transport and
impairment of lymphatic function may lead to developing
atherosclerotic lesions. Inflammatory cells accumulate
around lymphatic vessels.
• T cell inflammatory responses.
• Accumulation of inflammatory cells.
• Decreased lymphatic vessel density
• Decreased lymphatic vessel pumping frequency
• Impaired lymphatic clearance of interstitial fluid
• Some of the lymphatic function may be restored by
inhibiting inflammation, while other lymphatic defects

BIOMARKERS
• TNF-α - is a non-specific marker of general inflammation.
• Adiponectin - an adipose tissue specific cytokine is

known to inhibit inflammatory response by reducing the
production of TNF-α, adhesion molecules in monocytes,
phagocytic activity by macrophages, and increases
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may be irreversible.
• Obesity exacerbates tissue inflammation as well as the
severity of lymphedema

Ca2+influx in glial cells and neurons.
• Down-regulation of the neurotrophic factors, VEGF and
GDNF, in astrocytes is associated with cessation of trophic
support in inflammation-mediated neurodegeneration.
• Glia, peripheral leukocytes, invasion of macrophages
into peripheral nerves. Early distal axonal degeneration
may trigger macrophage migration into the nerve and
are able to mediate detrimental toxic effects. The
macrophages are of a pro-inflammatory phenotype,
associated with tissue damage.
• CSF1R controls microgliosis and contributes to
neurodegeneration by increasing the mitogenic activity
of microglia. Microglia play a detrimental role in ALS.
CSF1 is increased in the spinal cord of ALS patients.
Besides microglial cells, circulating monocytes show
constitutive expression of CSF1R.

APPROACHES
• Local topical selective iNOS inhibition may decrease
perilymphatic iNOS activity.

AMYOTROPHIC LATERAL SCLEROSIS (ALS)
ALS results in neurodegeneration of motoneurons in the
motor cortex, brainstem and spinal cord.
Common hallmarks are formation and deposition of
aberrant protein conformers, synaptic dysfunctions,
deficient autophagic processes, oxidative/nitrosative
stress, and inflammation, increase of reactive oxygen
species (ROS) production by mitochondria and NADPH
oxidase (NOX) and mitochondrial dysfunction and
neurodegeneration.
Inflammatory response of astroglia contribute to the
neuro-inflammation mediated neuro-degeneration in
ALS. Inflammatory and toxic functional alterations occur
in astrocytes. Secreted astroglial factors contribute to
motor neuronal toxicity, involving oxidative stress, excess
glutamate and NO, inflammation, and reduced trophic
support thus initiating a cascade of events leading to
motor neuronal insult. Astroglial cytokine imbalance is
caused by up-regulation of pro-inflammatory factors like
PGE-2, COX-2, NO, and glutamate, and down-regulation
of anti-inflammatory and protective factors such as VEGF
and GDNF.

APPROACHES
• Lymphocytes subsets may contribute to slowing disease

progression
• Blocking CSF1R may ameliorate the clinical course of ALS
disease by reducing both the invasion of macrophages
into peripheral nerves at pre-symptomatic stages of
the disease, and by impeding microglia proliferation at
late stages of the pathology. Macrophages are mostly
recruited from circulation and entrance of monocytes
into the PNS is attenuated when CSF1R signalling is
blocked. CSF1R promotes differentiation of bone
marrow cells into monocytes. Potent and selective
CSF1R inhibitors may result in greater beneficial effects.

• Enhanced the production and release of inflammatory
•
•
•
•

•
•

•

•

CHRONIC STRESS

cytokines IL-6, TNF-α, COX-2, PGE-2.
Impaired regulation of glutamate, NO, and ROS
Motor neuronal insult via NFκB activation
Reduced expression of the anti-inflammatory cytokine
IL-10 protein, despite up-regulation of its mRNA
Excitotoxicity: Pro-inflammatory cytokines regulate
the glutamatergic transmission by directly inhibiting
astroglial glutamate transporters, by inducing overexpression of glutamate receptors on synapses or
by reducing glutamate uptake via NO-mediated
mechanism. Astroglial cells release more glutamate,
which accumilate the microenvironment of motor
neurons. PGE-2, NO, and ROS are also potential effectors
of glutamate release. The excess glutamate released
thus can lead to neurotoxicity through the induction
of necrosis, in association with ROS, NO, and abnormal
Ca2+ influx.
Astroglial ROS, NO, and iNOS levels are upregulated.
ROS: Elevated levels of ROS accentuate the disease
pathology by causing oxidative stress, as well as reducing
the glutathione (GSH) levels.
NO: Excessive production of NO is mediated by either
overactivation of nNOS due to polarization of astrocytes
or pathological induction of iNOS. NO is capable of
inflicting neurodegeneration through apoptosis, which
concurs with our previous report of the occurrence
of both necrosis and apoptosis. NO may also regulate
post-translational modifications to affect the synaptic
transmission and vesicular release.
Mitochondrial dysfunction due to ROS elevation, and

Chronic stress is believed to affect multiple body systems
and repeated stress is a major risk factor for disease.
• Human functional MRI studies showed the increment
of peripheral arterial blood pressure and perfusion
signal changes in several brain areas when the subjects
perceived mild stress.
• Vascular: Malfunctions in the blood circulation are
implicated in vascular and neuro-degenerative diseases.
• Immune: Chronic stress alters the immune system increased stress hormone levels active the hypothalamuspituitary-adrenal axis cause immune system dysfunction.
Corticotrophin-release hormone (CRH) is a central
component of the hypothalamus-pituitary-adrenal
axis that is important in the coordination of systemic
stress responses as well as modulation of inflammatory
response. Significantly increased CRH mediates proinflammatory effects.
• Deregulated parasympathetic function
• K+ channels in amygdalae: Chronic stress decreased
the function of inwardly rectifying K+ channels in the
endothelial smooth muscle cells of the vascular system
of the amygdala.
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OBESITY

specimens.
• Prolonged exposure to RNS has been demonstrated to
modulate tyrosine phosphorylation of several proteins,
promoting downregulation of certain membrane
receptors. RNS dampen antitumor immunity by
generating post-translational modifications - nitration
and nitrosylation - of key proteins.

Chronic low-grade inflammation and release of
inflammatory cytokines in various conditions is a major
cause of obesity. Chronic inflammation in obesity is
thought to be initiated by T cell inflammatory reactions
that precede and are necessary for macrophage homing
to visceral adipose tissues.
Release of inflammatory cytokines, increased inflammatory
cell recruitment, and progressive inflammation.
Perivascular inflammation is a major cause of endothelial
dysfunction in obesity due to impaired NO signalling
pathways and ROS formation.

APPROACHES
• Selective iNOS inhibition enhances anti-tumour immune
responses
• Selective iNOS inhibitors may inhibit or prevent various
cancers
• Enhanced intratumoral metabolism of l-arginine (iNOS
and Arginase) is required for tumour cell survival and
selective iNOS inhibitors lead to killing of targets.
• Silibinin has anti-tumour activities, inducing apoptosis of
cancer cells.

APPROACHES
• Inhibition of T cell responses can significantly modulate

the pathological effects of obesity

CANCER
Free radicals are generated by normal physiological
processes. Because free radicals can also inflict cellular
damage, several defences have evolved both to protect
our cells from radicals — such as antioxidant scavengers
and enzymes — and to repair DNA damage.
Cellular stress responses involve identification of the
DNA damage, DNA repair and loss of preneoplastic cells.
Insufficient DNA repair causes a pro-carcinogenic response
that triggers selection of cancerous cells and angiogenesis.
The tumour microenvironment is characterized by a
chronic reduction in oxygen and nutrients that significantly
affects the metabolism of different cell types distinctly.
NO produced by iNOS has been shown to have an
important role in carcinogenesis.
INFLAMMATORY-MEDIATED CARCINOGENESIS
DNA DAMAGE
NO’s role in tumorigenesis has been well studied. Pathways
in tumour cells respond to NO very differently depending
on its concentration. Low NO levels is associated with
induction of apoptosis and tumour regression. High NO
levels through iNOS expression appears to progress
tumours.
• Pro-inflammatory cytokines induce iNOS and COX-2.
• iNOS expression has been demonstrated in colon
cancers, ovarian cancer, prostate cancer, melanoma,
malignant lesions.
• Abnormally elevated COX-2 expression has been
reported in carcinogenesis progression.
• Arginase activity is upregulated in colon, breast, lung,
and prostate cancer.
• Amino acid metabolism represents a crucial process in
tumour progression. Dysregulated L-arginine catabolism
has been demonstrated in cancers. L-Arginine
metabolism is dependent on the activity iNOS, arginase
(ARG). Activation of both enzymes generates high
levels of NO capable of either promoting or inhibiting
tumour progression or metastasis, depending on the
local concentration and duration of exposure, cellular
sensitivity.
• NO produced by iNOS may rapidly react with ROS within
the tumour lesion and produce RNS such as peroxynitrite.
High levels of nitrotyrosines has been shown in cancer
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