
Nervous System

Nervous System

The nervous system is a complex system which
enables the transmission of messages around the
mind and body, enabling an individual to respond
to their environment.

The messages are communicated via neurons which
are supported and nourished by glial cells. A
neurotransmitter is a molecule that carries signals
between neurons and across nerve junctions
(synapses).

In order for us to interact effectively with our
environment the excitatory and inhibitory
neurotransmitters must remain in balance.

This report examines the genes, nutrients,
pharmaceutical drugs and lifestyle and
environmental factors that can impact the nervous
system. It provides a personalised analysis based on
genetic results.
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Nervous System

Neurotransmitters

The nervous system includes excitatory and
inhibitory neurotransmitters.

The key inhibitory (calming) neurotransmitters are:
gamma amino butyric acid (GABA) and serotonin.

The main excitatory (stimulating) neurotransmitters
are dopamine, adrenaline, noradrenaline, histamine,
acetylcholine, glutamate and phenethylamine
(PEA).

Lifecycle
The neurotransmitter lifecycle involves:

• Synthesis - dependent on availability of
substrates, cofactors, and environmental stimuli

• Signalling - by receptors, which can have a direct
effect on a nerve cell or activate a secondary
message cascade

• Transport - removal of neurotransmitters from the
synapse back into to the cell for storage

• Metabolism - the breakdown of neurotransmitters
and removal of metabolites

What can go wrong?
Neurotransmitter imbalances can have serious
physical and mental health effects.

Symptoms of neurotransmitter imbalance include:
mood disorders and depression, attention deficit
and obsessive compulsive disorders, addictive
behaviours, motor control disruption, anger,
aggression and restlessness.

What can be done?
As with all imbalances, it is important to establish
the root cause. There are many candidates - stress,
inflammation, obesity, toxicity, gut disfunction,
age, diet, lifestyle and genetic predisposition.

Commonly prescribed medications such as SSRIs
(selective serotonin re-uptake inhibitors) can cause
undesirable side effects and do not work for
everyone.

The use of genetic testing and analysis enables a
more personalised approach.

Nutritional support including precursors (for
example tryptophan), cofactors (B vitamins) and
inhibitors (such as curcumin) may be beneficial.

Other lifestyle adjustments to sleep, exposure to
sunlight, exercise, stress management and
meditation, can also have a significant effect.
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Serotonin and Melatonin

Serotonin

Serotonin, also known as 5-hydroxy-tryptamine or
5-HT, is associated with well-being and is
popularly referred to as the 'happiness
neurotransmitter'.

The majority (about 90%) is made in the gut where
it regulates gastrointestinal movements. The
remainder is synthesised in the central nervous
system (CNS) where, with melatonin, it affects
mood, appetite and sleep. It also affects cognitive
functions including memory and learning.

Melatonin

Melatonin, also known as N-acetyl-5-methoxy-
tryptamine, is a sleep hormone naturally produced
in the pineal gland of the brain. It regulates sleep
and plays a role in maintaining circadian rhythm,
the body's natural time clock. It is also an
antioxidant. It suppresses insulin which is not
needed during sleep.

Serotonin was initially thought to increase
vascular tone by virtue of its presence in
serum - hence the name serotonin.
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Serotonin and Melatonin

Your Results in Context
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Key

the effect of the variant is negative
the effect of the variant is neutral (no effect) or is subjective
the effect of the variant is positive

up-regulates or increases the activity and effect of the gene
down-regulates or decreases the activity and effect of the gene
No arrow - no effect on the activity of the gene
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Serotonin and Melatonin

Imbalance

Serotonin and melatonin levels can be impacted by
nutrition and lifestyle factors such as protein intake
and exercise. There are many different triggers of
imbalance, the most common being stress,
inflammation, light exposure and genetics.

Tryptophan Availability
Reduced availability of tryptophan to make
serotonin can be a major factor in depression. In
addition, reduced melatonin synthesis can cause
circadian dysrhythmia and insomnia.

Conversely, too much tryptophan can have an
inhibitory effect on TPH activity, thereby reducing
serotonin production.

Inflammation and Stress
Raised cortisol levels due to stress, or inflammation
resulting from infection or injury, may cause
tryptophan to be redirected to the kynurenic
pathway. This 'tryptophan steal' can slow the rate of
serotonin synthesis.

The extent of inflammation can be modulated by
genetics, in particular variants that up-regulate pro-
inflammatory molecules. These include IFN-
gamma, TNF-alpha, and the TDO and IDO
enzymes that catalyse kynurenine synthesis.

Serotonin - Dopamine Competition
The synthesis, re-uptake and metabolic pathways of
serotonin and dopamine are intertwined. This
means that imbalances in one often affect the other.
Both serotonin and dopamine are synthesised using
the enzyme DDC and metabolised (broken down)
by MAOs.

Methylation
Hypo-methylation is associated with lower
serotonin and melatonin levels. Neurotransmitter
synthesis is slowed due to insufficiency of the
(methyl-folate dependent) cofactor BH4
(tetrahydrobiopterin). De-methylation also
increases transporter expression and more efficient
re-uptake (removal) of neurotransmitters.

Hyper-methylation is associated with higher
serotonin and melatonin levels. Methyl donors
support neurotransmitter synthesis and suppress
transporter activity, thereby slowing the rate of
neurotransmitter re-uptake.
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Serotonin and Melatonin

Serotonin Symptoms

An imbalance in serotonin levels can lead to an
array of problems. Whilst most people are aware of
the connection between low serotonin and
depression, high levels of serotonin can also be
problematic.

Low Serotonin
• Anxiety or worry
• Depression or low mood
• Appetite, hunger or cravings
• Increased pain sensitivity
• Migraines
• Obsessive compulsive disorder (OCD)
• Insomnia

High Serotonin
• Anxiety, irritability or restlessness
• Bone loss
• High blood pressure
• Gut sensitivity or diarrhoea
• Carcinoid syndrome
• Headache
• Fatigue
• Weight gain

Anti-depressants SSRIs do not work for
everyone. In particular people who
experience depressive symptoms due to
high serotonin levels.

Serotonin syndrome is a consequence of
excess serotonin which can be fatal.
Symptoms include autonomic, cognitive
and somatic effects. It usually occurs as a
result of (antidepressant) drug overdose or
drug interaction.
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Serotonin and Melatonin

Melatonin Symptoms

An imbalance in melatonin levels can lead to
various problems. However, excess of melatonin
does not seem to be a problem.

Low Melatonin
• Mood disorders (seasonal affective disorder,
bipolar disorder and major depressive disorder)
• Sleep disturbances

Studies show that the blue light emitted by
screens (such as TV, computer and phone)
suppresses melatonin levels making it
more difficult to fall asleep.
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Serotonin and Melatonin

Lifecycle

Synthesis
Serotonin synthesis is a two step process starting
with the essential amino acid tryptophan.
Tryptophan is converted to 5-HTP by the enzyme
tryptophan-5-hydroxylase which exists in two
different forms - TPH2 in the brain and TPH1 in
the digestive system. 5-HTP is then converted to
serotonin by dopa decarboxylase (DDC).

In the evening, stimulated by darkness,
noradrenaline activates the cAMP dependent
protein kinase A (PKA). This increases
arylalkylamine N-acetyl-transferase (AANAT)
activity by up to 100x creating melatonin and
initiating sleep.

Melatonin is synthesised from N-acetyl-serotonin
(NAS). NAS is produced from serotonin by the
AANAT enzyme and is converted to melatonin by
the acetylserotonin O-methyltransferase (ASMT)
enzyme.

Kynurenine
The kynurenine pathway is catalysed by tryptophan
2, 3-dioxygenase (TDO) in the brain and
indoleamine 2, 3-dioxygenase (IDO) in the liver. It
can be up-regulated by cortisol activation of FK506
binding protein 5 (FKBP5) or immune activation of
tumour necrosis factor (TNF) or interferon gamma
(INFG), depleting the tryptophan available for
serotonin synthesis.

Transport
The serotonin transporter SERT, moves serotonin
out of the synapse terminating its action. Various
agents can inhibit 5-HT re-uptake including
cocaine, tricyclic antidepressants and selective
serotonin re-uptake inhibitors.

Unlike other transporters, the vesicular monoamine
transporter VMAT1 (also called SLC18A1), moves
serotonin and other neurotransmitters into the
vesicles, ready to be released into the synapse. Thus
an increase in VMAT1 activity results in higher
levels of neurotransmitters.

Receptors
The serotonin receptors are activated by serotonin
and control the release of a number of excitatory
and inhibitory neurotransmitters including
glutamate, dopamine, adrenaline, noradrenalin and
acetylcholine as well as the hormones cortisol,
corticotropin, vasopressin and prolactin. They are
the target of many drugs including antidepressants,
antipsychotics and anti-migraine agents.

Metabolism
Serotonin is broken down to 5-hydroxyindoleacetic
acid (5-HIAA) by monoamine oxidase B (MAOB)
and aldehyde dehydrogenase 2 (ALDH2).
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Serotonin and Melatonin

Follow Up and Testing

Speak to a health professional about clinical testing
such as:

Organic acids

• 5-hydroxyindoleacetate (5-HIAA) (serotonin)

Inflammatory markers

• Kynurenate (KYN)
• Quinolinate (QUIN)
• Picolinate

Methylation markers

• Methylmalonate (B12)
• Formiminoglutamate (FIGLU)
• Xanthurenate (B6)
• SAH: SAMe
• Homocysteine

Nutrition and Lifestyle

Nutrition
If low serotonin

• Cofactors (methylation support) - B6, Zn, Mg,
methionine and SAMe
• Substrates - tryptophan and 5-HTP
• Anti-inflammatories - brassica foods
• Turmeric and quercetin (decrease MAOA activity
- metabolism)

If high serotonin

• Cofactors: Cu (balance Zn) and acetyl CoA
(conversion to melatonin)
• B2 - increases metabolism (MAOA activity)

If low melatonin

Consider supplements. Melatonin can be taken as a
pill over the counter in some countries.

Manage Stress
Meditation - let go of your thoughts, stay in the
present, to help you wind down.

Exercise
Running, walking, yoga, swimming.

Sleep
Ensure a dark environment, since the less sunlight
the eye receives, the more melatonin is released by
the pineal gland, thereby enhancing and regulating
sleep.
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Serotonin and Melatonin

Genetic Results

5-HT1A 5-Hydroxytryptamine Receptor 1A
5-HT1A is a subtype of the 5-HT receptor. This receptor has a major role since it binds to the
neurotransmitter serotonin. 

Variants on this gene have been associated with increased anxiety and stress response.

5-HT1A Variant Result Description

rs6295 1019CG GG Neutral genotype - no impact on 5-HT1A expression.  Normal sensitivity to
serotonin.

5-HT2A 5-Hydroxytryptamine Receptor 2A
The serotonin receptor gene 5-HT2A is activated by serotonin. It has an excitatory effect including
stimulating smooth muscle contraction in the GI tract (increasing motility). 

Variants on the 5-HT2A gene are associated with higher expression, however this can sometimes lead to
serotonin resistance and symptoms associated with low serotonin including anxiety, depression and
insomnia. 5-HT2A is also reported to have anti-inflammatory effects and reduce symptoms of rheumatoid
arthritis.

5-HT2A Variant Result Description

CC Neutral genotype - no impact on the receptor expression. Normal sensitivity to
serotonin.

ALDH2 Aldehyde Dehydrogenase 2 Family (mitochondrial)
Aldehyde dehydrogenase (ALDH2) belongs to the aldehyde dehydrogenase gene family. There are two
major forms of ALDH in the liver: cytosolic ALDH1 and mitochondrial ALDH2. Most Caucasians have both
forms, while approximately 50% of East Asians have the cytosolic but not the mitochondrial form. ALDH2
is the second enzyme of the major oxidative pathway of alcohol metabolism and is also needed to breakdown
the the amine neurotransmitters. 

A higher frequency of acute alcohol intoxication among Asians could be related to the absence of an active
form of mitochondrial ALDH2.
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Dopamine and Adrenergic

Dopamine

Dopamine is a powerful neurotransmitter
sometimes called the 'feel good' neurotransmitter. It
is not only involved in pleasure but also in reward
(motivation) and in motion.

Dopamine is produced in different areas of the
brain including in the substantia nigra and the
ventral tegmental area.

Noradrenaline

Noradrenaline is an organic chemical responsible
for mobilising the brain and body for action. It is
responsible for our response to stressful situations.

An increase in noradrenaline raises blood pressure
and heart rate, triggers glucose release, stimulates
wakefulness, and provokes sweating.

Adrenaline

Adrenaline is the hormone and neurotransmitter
resposible for increasing blood flow. This plays a
particularly important role in the 'fight or flight'
response.

It is often used as medication in extreme situations
such as cardiac arrest, superficial bleeding and
anaphylaxis. An excess of adrenaline can cause
tachycardia, cardiac arrhythmia, hypertension,
anxiety and panic attacks.

Adrenaline is a hormone created and
secreted by the kidneys of humans and
animals to help cope with distress.

Both adrenaline and noradrenaline
play an important role in the fight or
flight response.
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Dopamine and Adrenergic

Your Results in Context
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No arrow - no effect on the activity of the gene
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Dopamine and Adrenergic

Imbalance

Dopamine, noradrenaline and adrenaline levels can
all be impacted by nutrition and lifestyle aspects
such as exercise and sleep. Both too high and too
low levels can be problematic.

Lack of Motivation
Dopamine is mostly produced in two brain regions:
the substantia nigra, involved in movement and
speech, and the ventral tegmental region, involved
in reward. If dopamine is too low, both these areas
will be under-stimulated and the individual will
lack energy and motivation.

Addictions and Cravings
Low dopamine makes someone feel like they need
more dopamine (which is true). Therefore, the
individual is more likely to consume addictive
substances such as foods and drugs.

Serotonin - Dopamine Competition
The metabolism, synthesis, and re-uptake pathways
of serotonin and dopamine are intertwined. This
means that imbalances in one often affect the other.
Both serotonin and dopamine are synthesised using
the enzyme DDC and metabolised (broken down)
by MAO enzymes.

High Dopamine
High dopamine over-stimulates the substantia nigra
and ventral tegmental regions, which leads to
hyper-activity and hyper-movement (inability to
focus).
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Dopamine and Adrenergic

Dopamine Symptoms

An imbalance in dopamine levels can lead to a
multitude of issues. Both low and high dopamine
levels can be problematic.

Low Dopamine
• Lack of motivation
• Fatigue or insomnia
• Addictions and cravings
• Mood issues
• Depression
• Parkinson’s disease (resting tremor)
• Decreased libido
• Anxiety

High Dopamine
• Hyperactivity
• Inability to focus
• Anxiety

Drugs such as marijuana and cocaine
trigger dopamine release but then deplete
its reserves. The individual then consumes
more drugs in order to have the same
effect, leading to addiction.

A study shows that rats with more
dopamine climbed a fence to a larger pile
of food, while rats with lower amounts
opted for the safer small pile.
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Dopamine and Adrenergic

Adrenergic Symptoms

An imbalance in adrenaline and noradrenaline
levels can lead to an array of problems.

Low Adrenaline and Noradrenaline
• Depression or low mood
• Poor attention and lack of focus
• Addictions and cravings
• Alzheimer’s disease
• Anorexia nervosa
• Fatigue
• Obsessive behaviour (adrenaline)
• Hypotension

High Adrenaline and Noradrenaline
• ADHD
• Anxiety and depression
• Bipolar disorder
• Hyperglycaemia and hyperinsulinaemia
• Obstructive sleep apnea
• PTSD
• Anger or violent behaviour
• Migraine
• Orthostatic intolerance

Did you know?

Adrenaline increases your concentration
so much that you forget about pain.
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Dopamine and Adrenergic

Lifecycle

Synthesis
Dopamine synthesis is composed of three steps.
First, phenylalanine is converted into another amino
acid, tyrosine. This reaction is catalysed by the
phenylalanine hydroxylase enzyme with
tetrahydrobiopterin (BH4) as a cofactor. Then,
tyrosine hydroxylase catalyses the conversion of
tyrosine to L-DOPA. Finally, L-DOPA is converted
into dopamine via the DDC enzyme.

Noradrenaline is formed from dopamine using the
dopamine beta-hydroxylase (DBH) enzyme and
copper, oxygen and vitamin C as cofactors.
However, copper overload can up-regulate the
pathway, depleting dopamine and creating an
excess of noradrenaline.

Noradrenaline is converted to adrenaline via the
phenylethanolamine N-methyltransferase (PNMT)
enzyme, with cortisol and SAMe as cofactors.

Tyramine
When the minor tyramine pathway is activated,
tyrosine is converted into tyramine instead of L-
DOPA. Tyramine can then directly form dopamine,
increasing noradrenaline, leading to blood vessel
constriction and increased blood pressure.

Transport
The dopamine transporter DAT (also called
SLC6A3), is a membrane-spanning protein that
pumps the neurotransmitter dopamine out of the
synaptic cleft back into the cytosol. This system
permits the active re-uptake of dopamine from the
synapse and therefore regulates dopaminergic
neurotransmission.

The noradrenaline transporter NET (also called
SLC6A2), is a monoamine transporter and is
responsible for the sodium-chloride dependent re-
uptake of extracellular noradrenaline.

Receptors
Dopamine receptors (DRDs) are a class of G
protein-coupled receptors that are activated by
dopamine. When activated, they inhibit the enzyme
adenylate cyclase, thus reducing the intracellular
concentration of the second messenger cyclic AMP
(cAMP).

The adrenergic receptors (ADRs) are a class of G
protein-coupled receptors that are activated by
noradrenaline and adrenaline.

Metabolism
Dopamine is broken down into inactive metabolites
by several enzymes: MAOA, MAOB, COMT and
ALDH2. Dopamine's main metabolic pathway
leads to the end-product homovanillic acid (HVA).
From the bloodstream, HVA is the filtered out by
the kidneys and then excreted in the urine.

Both noradrenaline and adrenaline are degraded by
MAOA and COMT.
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Dopamine and Adrenergic

Follow Up and Testing

Speak to a health professional about clinical testing
such as:

Organic acids

• Homovanillate (HVA) (dopamine)
• Vanilmandelate (VMA) (adrenaline and
noradrenaline)

Cofactors

• Vitamin D

Methylation markers

• Methylmalonate (B12)
• Formiminoglutamate (FIGLU)
• Xanthurenate (B6)
• SAH: SAMe
• Homocysteine

Nutrition and Lifestyle

Nutrition
Foods that contain the amino acids tyrosine and
phenylalanine boost dopamine levels the most, as
they are dopamine precursors.

Increase cofactors for synthesis and transport
inhibition: vitamins D, B6 and& B5, methionine,
SAMe - found in fish, chicken, beef, pork, turkey,
whole grains, seeds, nuts, eggs, beans, cottage
cheese and spinach.

Limit intake of caffeine, alcohol, drugs and sugar.

Manage Stress
Studies have shown that stress over-activates
dopamine. Relaxation and meditation can help
reduce dopamine levels.

Exercise
Exercise helps to support dopamine levels.

Sleep
Studies have shown that sleep deprived people have
less dopamine binding and lower response to
dopamine.

Recipe for Ricotta Cream (high in tyrosine)

• 1 cup of ricotta
• 1 tbsp of honey
• Juice and zest of 1/2 lemon

Mix all ingredients until well combined. Enjoy
on toast or apple slices.
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Dopamine and Adrenergic

Genetic Results

ADRB1  Adrenoceptor Beta 1
The ADRB1 gene encodes a subtype of adrenergic receptors, the beta-1 adrenergic receptor. These
adrenergic receptors are G protein-coupled receptors that bind to noradrenaline and adrenaline. 

The adrenergic receptors (subtypes alpha 1, alpha 2, beta 1, and beta 2) mediate the physiological effects of
the hormone adrenaline and the neurotransmitter noradrenaline. Specific polymorphisms in this gene have
been shown to affect the resting heart rate and can be involved in heart failure. Variants may also affect
clinical response to beta blockers.

ADRB1 Variant Result Description

CG The G allele is associated with lower ADRB1 activity and reduced sensitivity to
adrenaline and noradrenaline.

Less responsive to beta blocker drugs to lower blood pressure and manage
migraines.

ADRB2 Beta-2-Adrenergic Receptor
The beta-2 adrenergic receptor, ADRB2, controls the physiological response to adrenaline, priming the body
for action or ‘fight or flight’. It stimulates heart rate, blood flow, and availability of glucose for immediate
energy. 

The G (Gly) allele is the ancestral, more sensitive version, and is associated with greater adrenergic response
to exercise or stress.

ADRB2 Variant Result Description

AG The G allele is associated with more active and sensitive beta-2 receptors. 

This means adrenaline has more effect and the individual experiences a greater
fight or flight response including increases in heart rate, vasodilation (circulation)
and lipolysis (energy availability).

ALDH2 Aldehyde Dehydrogenase 2 Family (mitochondrial)
Aldehyde dehydrogenase (ALDH2) belongs to the aldehyde dehydrogenase gene family. There are two
major forms of ALDH in the liver: cytosolic ALDH1 and mitochondrial ALDH2. Most Caucasians have both
forms, while approximately 50% of East Asians have the cytosolic but not the mitochondrial form. ALDH2
is the second enzyme of the major oxidative pathway of alcohol metabolism and is also needed to breakdown
the the amine neurotransmitters. 

A higher frequency of acute alcohol intoxication among Asians could be related to the absence of an active
form of mitochondrial ALDH2.
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GABA

GABA

GABA, gamma-aminobutyric acid, is not only a
neurotransmitter but also an amino acid. It
sometimes knows as the 'off' switch. Indeed, it is
the major inhibitory neurotransmitter in the brain:
at a synapse level, GABA decreases a neuron's
action potential, or excitability. It is critical for
relaxation, improves memory and mood, relieves
anxiety, promotes sleep, moderates blood pressure,
and influences catecholamine release and cytokine
and hormone production.

Glutamate

Glutamate is the major excitatory neurotransmitter,
sometimes known as the 'on' switch. At a synapse
level, glutamate increases a neuron's action
potential. It optimises memory and learning,
inhibits sleep, improves libido, regulates appetite
and increases gut motility.

Because GABA can reduce neural transmission,
increased GABA activity can have sedative
effects. Accordingly, drugs such as alcohol and
benzodiazepines, create similar sedative effects
by interacting with GABA receptors.
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GABA

Your Results in Context
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No arrow - no effect on the activity of the gene

Copyright © 2018 Lifecode Gx Ltd Page 29

Sam
ple



GABA

Imbalance

The most significant impacts on the effect of
GABA and glutamate are due to variations in the
amount of transmitter and number of receptors.

Anxiety
The amygdala is an almond-shaped group of
neurons located within the medial temporal lobe. It
acts as a kind of alarm bell. It is activated when
someone experiences danger, fear or aggression.
When GABA levels are low, every single action
potential fires, causing the amygdala to be over-
activated. Thus someone feels constantly in danger,
and experiences fear or aggression, leading to
anxiety.

OCD
Obsessional compulsive disorder (OCD) affects
both cognition and motor behaviour. It is
characterised by obsessions - unwanted but
insistent, repetitive thoughts; and by compulsions -
to repeat an action over and over until the anxiety
and negative thoughts are neutralised.

High glutamate levels are typical in OCD patients,
and can over-stimulate the orbitofrontal cortex
(OFC) and the anterior cingulate gyrus (ACG)
regions of the brain. If these regions are stimulated
beyond normal range (hyper-excited), they may fire
inappropriately and send erroneous messages to the
basal ganglia, resulting in the feeling that
something is wrong.

The basal ganglia is where sequences of habitual
and reflexive movement are stored. Hence, over-
stimulation of the basal ganglia is associated with
development of habitual routines.
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GABA

GABA Symptoms

An imbalance in GABA levels can lead to an array
of problems. Both low and high levels can be a
problem due to their effect on action potential
firing.

Low GABA
• Anxiety
• Inability to focus or ADHD
• Low energy
• Panic attacks or disorders
• General or social anxiety disorders or phobias
• Seizures or convulsions
• Muscle tremors or spasms

High GABA
• Anxiety
• Excessive need for sleep
• Lethargy
• Decreased drive and motivation

Understanding GABA's effect in the brain

Without GABA’s inhibitory signal, every
single action potential reaches its target.

However, if there is too much GABA, a
neuron's threshold potential is never reached,
and it will not excite any nearby neurons.
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GABA

Glutamate Symptoms

An imbalance in glutamate levels can lead to an
array of problems. Both low and high levels can be
a problem due to their effect on action potential
firing.

Low Glutamate
• Agitation
• Insomnia
• Chronic fatigue
• Depression
• Lethargy
• Migraines

High Glutamate
• Anxiety
• Insomnia
• Panic
• Biopolar disorder or OCD
• Depression
• Hyperthyroidism
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GABA

GABA Lifecycle

Synthesis
GABA is synthesised from glutamate by the
glutamate decarboxylase (GAD) enzyme. GAD
uses PLP (B5) and zinc as cofactors.

Transport
GABA's main transporters in the brain are GAT1
and GAT3 encoded by SLC6A1 and SLC6A11
respectively. They enable the re-uptake of GABA
by removing it from the synaptic cleft into neurons
or glial cells where it is degraded by mitochondrial
enzymes.

Variants on GABA transporters are linked to
anxiety disorders with panic symptoms.

Receptors
There are two types of GABA receptors: GABA-A
and GABA-B.

GABA-A receptors are ligand-gated chloride
channels (also known as inotropic receptors). When
activated, Cl- ions pass through the neuron's
membrane, it causes its hyper-polarisation, leading
to inhibitory actions.

GABA-B receptors are G protein-coupled receptors
(also known as metabotropic receptors). When
activated, they cause the opening of potassium
channels. Therefore, K+ ions flow out of the
neuron, hyper-polarising its membrane and again,
leading to inhibitory actions.

Metabolism
GABA is broken down by the GABA transaminase
(GABA-T) enzyme. It catalyses the conversion of
GABA and 2-oxoglutarate into succinate
semialdehyde and glutamate.
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GABA

Glutamate Lifecycle

Synthesis
Glutamate is synthesised from glutamine by the
glutaminase (GLS) enzyme.

Transport
Glutamate transporters move glutamate across the
neurons' membranes. The excitatory amino acid
transporters (EAATs) re-uptake 90% of glutamate
from the synaptic cleft and extra-synaptic sites into
glial cells and neurons. Without these transporters,
glutamate would build up and kill cells due to
excitotoxicity, due to over activation of glutamate
receptors.

Receptors
Glutamate's main receptors are NMDA receptors.
These are ion channel proteins found in nerve cells.
When activated by the binding of glutamate and
glycine, positively charged ions flow though the
cell membrane and start the metabolic cascade.

Metabolism
Glutamate is broken down into glutamine by the
glutamine synthetase (GS) enzyme. This is
essential and protective since the enzyme catalyses
the condensation of glutamate and ammonia (which
is toxic to the brain) into glutamine. Magnesium
and manganese are cofactors.
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GABA

Follow Up and Testing

Speak to a health professional about clinical testing
such as:

• Urine tests for GABA and glutamate levels

Nutrition and Lifestyle

Nutrition
If low GABA

• Glutamine - foods include bone broth, cabbage,
meats (beef, chicken), spirulina, fermented foods,
eggs and dairy
• Cofactors - B6 and zinc
• Valerian
• L-theanine
• Kava and skullcap (herbs)
• Rosemarinic acid - found in lemon balm,
rosemary, basil, sage, thyme and peppermint
• Limit intake of coffee, alcohol and tobacco

If high glutamate

• N-acetyl cysteine
• Reduce glutamine foods

Manage stress
Meditation can boost GABA levels.

Exercise
Intense exercise increases levels of glutamate and
GABA.

Sleep
Activation of GABA-A receptors by GABA helps
to support sleep.

Glutamate cannot pass the blood-brain barrier,
therefore it must be synthesised in the brain
and glutamine food must be consumed.
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GABA

Genetic Results

GABRA2 Gamma-Aminobutyric Acid Type A Receptor Alpha 2 Subunit
GABA is the major inhibitory neurotransmitter in the mammalian brain where it acts at GABA-A receptors,
which are ligand-gated chloride channels. Chloride conductance of these channels can be modulated by
agents such as benzodiazepines (valium) that bind to the GABA-A receptor.

GABRA2 Variant Result Description

TT No variance. No impact on GABRA2 receptor activity or sensitivity to GABA.
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Pharmacology

Drug Metabolism

Pharmacology is the science concerned with the
study of drugs and how they affect living
organisms. It focuses on the biological action of
drugs and chemicals, and the way they work at the
molecular, cellular and systems levels. Systems
pharmacology focuses on agents affecting specific
physiological systems, such as the nervous system
(neuropharmacology), which is the focus of this
report.

The liver is the main site of drug metabolism. Other
sites include the small intestine, kidneys and lungs.
Drugs administered orally are absorbed into the
portal circulation and go directly to the liver. Thus
drug concentration is often drastically reduced
before it reaches general circulation - known as the
first pass effect (this reduces bioavailability of the
drug) whereas injected, inhaled, topical and
sublingual drugs bypass the first pass effect.
However all circulating drugs are metabolised by
the liver eventually. This biotransformation
happening in the liver acts as a detoxifier of the
drugs.

Drug metabolism is divided into three phases.

In phase I substances are primed for further
metabolism by the addition or exposure of a
binding site via oxidation, reduction or hydrolysis.
Substances are often made more reactive, and toxic,
during phase I.

During phase II (conjugation) substrates are
‘deactivated’ and made more water-soluble, a
process that prepares them for excretion via the bile
to the small intestine or via the kidneys to urine.

Phase III (anti-porter activity) involves the transport
of substances across cellular barriers such as in the
liver, gastrointestinal tract, kidneys and blood-brain
barrier.

"The dose makes the poison" - Paracelsus

Any substance can produce a harmful effect
and be toxic for the organ or body if it is in
too high concentration.
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Pharmacology

Genetic Results

ADRB2 Beta-2-Adrenergic Receptor
The beta-2 adrenergic receptor, ADRB2, controls the physiological response to adrenaline, priming the body
for action or ‘fight or flight’. It stimulates heart rate, blood flow, and availability of glucose for immediate
energy. 

The G (Gly) allele is the ancestral, more sensitive version, and is associated with greater adrenergic response
to exercise or stress.

ADRB2 Variant Result Description

AG The A allele is associated with reduced (relatively low) ADRB2 sensitivity to
adrenaline.

Greater risk that inhaler use (bronchodilators) may be ineffective in treating
airway disorders such as chronic obstructive pulmonary disease (COPD) and
asthma due to agonist induced desensitisation.

CYP2C19 Cytochrome P450, Family 2, Subfamily C, Polypeptide 19
CYP2C19 is a member of the cytochrome P450 superfamily of enzymes. It metabolises a wide variety of
pharmaceutical drugs including some anticonvulsants, proton pump inhibitors, antidepressants, sedatives and
antimalarials.  

Polymorphisms of this gene are known to have different effects. The rs4244285 (A) allele is associated with
decreased enzyme activity (poor metaboliser) whereas the rs12248560 (T) allele is associated with
significantly increased enzyme activity (extensive metaboliser). Dosage adjustment may be needed to
achieve optimal therapeutic benefit.

CYP2C19 Variant Result Description

TC Fast metaboliser of anticoagulants and other pharmaceutical drugs such as
citalopram, an antidepressant known as an SSRI (selective serotonin re-uptake
inhibitor), and amitriptyline (a tricyclic antidepressant (TCA)), which may alter
their efficacy. 

Always refer to your GP or specialist before adjusting dosage of any prescribed
medication. St. John's Wort, acetylsalicylic acid (aspirin) and corticosteroids can
also increase CYP2C19 activity.

GG Normal (not increased or decreased) metabolism of anticoagulants such as
clopidogrel and other pharmaceutical drugs.
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Bonus SNPs

Genetic Results

BDNF Brain Derived Neurotrophic Factor
The BDNF gene encodes the brain-derived neurotrophic factor. This protein is a nerve growth factor,
meaning it promotes the growth, differentiation and survival of neurons and synapses in the central and
peripheral nervous systems. Expression of this gene is reduced in Alzheimer's, Parkinson's, and Huntington's
disease patients. 

BDNF may play a role in the regulation of the stress response and in the biology of mood disorders.

BDNF Variant Result Description

CC No variance. No impact on BDNF levels. BDNF is neuroprotective, hence this
genotype is associated with lower risk of neuronal damage such as that linked
with Alzheimer's and Parkinson's disease.

It has been suggested that BDNF can be increased by intense exercise, vitamin D,
curcumin, green tea, DHA (a component of omega-3 fatty acid) and resveratrol.

DIO1 Iodothyronine Deiodinase 1
The DIO1 gene encodes the enzyme type I iodothyronine deiodinase, a selenoprotein, requiring selenium for
its synthesis. DIO 1 catalyzes the activation, as well as the inactivation of thyroid hormone. The activation
reaction involves the conversion of the prohormone thyroxine (T4), secreted by the thyroid gland, to the
bioactive thyroid hormone (T3). This gene is expressed predominantly in the liver and kidney and provides
most of the circulating T3, which is essential for growth, differentiation and basal metabolism. 

We report results for SNP rs223554 [C/A] which is in linkage disequilibrium (LD), or correlation, with SNP
rs11206244 [C/T].

DIO1 Variant Result Description

AC Reduced conversion of T4 to T3. The A allele of this SNP is associated with
decreased deiodinase 1 (D1) function resulting in lower free T3 and free T3/T4
ratio and free T3 and some increase in free T4 and rT3. It has also been
associated with depression in white female subjects.

DIO2 Iodothyronine Deiodinase 2
The DIO2 gene encodes the enzyme type II iodothyronine deiodinase, a selenoprotein, requiring selenium
for its synthesis. DIO2 catalyzes the conversion of the prohormone thyroxine (T4) to the bioactive thyroid
hormone (T3). This gene is widely expressed, including in thyroid, placenta, pituitary and brain. It is thought
to be responsible for the 'local' production of T3, and thus important in influencing thyroid hormone action in
these tissues.  

It has also been reported to be highly expressed in thyroids of patients with Grave's disease, and in follicular
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Nervous System
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