Brain Physiology



The brain and the rest of the nervous system are composed of many different types of cells, but the primary functional unit is a cell called the neuron. All sensations, movements, thoughts, memories, and feelings are the result of signals that pass through neurons.

Neurons consist of three parts.
The cell body contains the nucleus, where most of the molecules that the neuron needs to survive and function are manufactured. Dendrites extend out from the cell body like the branches of a tree and receive messages from other nerve cells. Signals then pass from the dendrites through the cell body and may travel away from the cell body down an axon to another neuron, a muscle cell, or cells in some other organ.

	

	Animation: Anatomy of a Neuron (Nerve Cell)


The neuron is usually surrounded by many support cells. Some types of cells wrap around the axon to form an insulating sheath. This sheath can include a fatty molecule called myelin, which provides insulation for the axon and helps nerve signals travel faster and farther. Axons may be very short, such as those that carry signals from one cell in the cortex to another cell less than a hair's width away. Or axons may be very long, such as those that carry messages from the brain all the way down the spinal cord.

Scientists have learned a great deal about neurons by studying the synapse, the place where a signal passes from the neuron to another cell. When the signal reaches the end of the axon it stimulates tiny sacs. These sacs release chemicals known as neurotransmitters into the synapse. The neurotransmitters cross the synapse and attach to receptors on the neighboring cell. These receptors can change the properties of the receiving cell. If the receiving cell is also a neuron, the signal can continue the transmission to the next cell.

Some Key Neurotransmitters at Work
Acetylcholine is called an excitatory neurotransmitter because it generally makes cells more excitable. It governs muscle contractions and causes glands to secrete hormones. Alzheimer's disease, which initially affects memory formation, is associated with a shortage of acetylcholine.

GABA (gamma-aminobutyric acid) is called an inhibitory neurotransmitter because it tends to make cells less excitable. It helps control muscle activity and is an important part of the visual system. Drugs that increase GABA levels in the brain are used to treat epileptic seizures and tremors in patients with Huntington's disease.

Serotonin is an inhibitory neurotransmitter that constricts blood vessels and brings on sleep. It is also involved in temperature regulation. Dopamine is an inhibitory neurotransmitter involved in mood and the control of complex movements. The loss of dopamine activity in some portions of the brain leads to the muscular rigidity of Parkinson's disease. Many medications used to treat behavioral disorders work by modifying the action of dopamine in the brain.

Neurological Disorders
When the brain is healthy it functions quickly and automatically. But when problems occur, the results can be devastating. Some 50 million people in this country - one in five - suffer from damage to the nervous system. The NINDS supports research on more than 600 neurological diseases. Some of the major types of disorders include: neurogenetic diseases (such as Huntington's disease and muscular dystrophy), developmental disorders (such as cerebral palsy), degenerative diseases of adult life (such as Parkinson's disease and Alzheimer's disease), metabolic diseases (such as Gaucher's disease), cerebrovascular diseases (such as stroke and vascular dementia), trauma (such as spinal cord and head injury), convulsive disorders (such as epilepsy), infectious diseases (such as AIDS dementia), and brain tumors.
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B.  Monoamines:
The monoamines include the four chemicals: epinephrine, norepinephrine,dopamine , and serotonin.  The molecular structures of these chemicals are similar to each other causing some drugs to affect the activity of all of them at the same time.  Epinephrine, norepinephrine, and dopamine belong to the subclass of monoamines called catecholamines.  Serotonin belongs to the monoamines subclass called indolamines. 

 

Monoamines are produced by several systems of neurons within the brain.  The majority of these systems consist of a small number of cell bodies located in the back of the brain.  The axons of these cells branch repeatedly giving rise to an enormous number of terminal buttons widely distributed throughout the brain.  Monoaminergic neurons serve to modulate the function of widespread regions throughout the brain.  They serve as volume controls that increase or decrease the activities of particular brain functions. 

 

Dopamine (DA):  Dopamine produces both excitatory and inhibitory postsynaptic potentials depending upon the receptor site.  Dopamine has been discovered to perform various important functions associated with movement, attention, and learning.  Tyrosine is the precursor molecule for both dopamine and norepinephrine.  When tyrosine receives OH it becomes l-DOPA.  The enzyme DOPA decarboxylase causes the l-DOPA to lose a carboxyl group causing it to become dopamine.  When the enzyme beta-hydroxylase attaches a hydroxyl group to dopamine it creates norepinephrine.  The enzyme monoamine oxidase (MAO) regulates the production of the catecholamines.  MAO is found in the blood where it deactivates amines which could potentially cause dangerous increases in blood pressure. 

 

Parkinson's disease is caused by the degeneration of dopaminergic neurons which serve to connect two parts of the brain's motor system.  This disease is characterized by tremors, rigidity of the limbs, poor balance, and difficulty in initiating movements.  The cell bodies of these neurons are located in the brain'ssubstantia nigra.  Those with Parkinson's disease are given l-DOPA which serves to stimulate the production of dopamine.  Consequently, a patient's symptoms can be alleviated. 

 

Dopamine may also prove to have a connection with the mental disorder schizophrenia.  The disorder involves hallucinations, delusions, and the disruption of normal, logical thought processes.  Drugs which block activity of dopaminergic neurons reduce these symptoms causing researchers to speculate that schizophrenia is caused by overactivity of these neurons.  Furthermore, patients with Parkinson's disease being treated with l-DOPA occasionally display schizophrenic symptoms. 

 

There are at least five types of dopamine receptors, all of which are metabotropic.  The two most important ones are the D1 and D2 dopamine receptors.  The D1 receptors appear to be exclusively postsynaptic.  Stimulation of these receptors increases the production of the second messenger cyclic AMP.  D2 receptors are found both presynaptically and postsynaptically in the brain; stimulation of the D2 receptors casuses a decrease in AMP. 

 

Most of the neurons that release catecholamines do so through axonal varicosities, beadlike swellings of the axonal branches.  The varicosities give the axonal branches the appearance of beaded chains.  They form synapses with the base of the dendritic spines or the dendritic shaft. 

 

Epinephrine / Norepinephrine (NE):  Like ACh, norepinephrine is also found in the autonomic nervous system and has been subjected to extensive research.  The chemicals are also referred to as Adrenalin and noradrenalin.  Epinephrine is a hormone that is produced by the adrenal medulla.  It has also been discovered that epinephrine serves as a transmitter substance in the brain; yet it is not as important as norepinephrine.  The transmitter substance is referred to as norepinephrine, whereas its adjectival form is noradrenergic. 

 

Noradrenergic neurons within the brain are involved with the control of alertness and wakefulness.  Their synapses in the central nervous system produce inhibitory postsynaptic potentials.  At the target organs of the sympathetic nervous system they typically have an excitatory effect.  The transmitter is produced from dopamine with its final step of synthesis occurring inside synaptic vesicles. Once the vesicles are filled with dopamine, the dopamine is converted to norepinephrine through the action of dopamine beta-hydroxylase.  Monoamine oxidase destroys excessive amounts of norepinephrine in the terminal buttons. 

 

Several types of noradrenergic receptors exist.  The receptors are usually called adrenergic receptors for they are sensitive to epinephrine and norepinephrine.  Neurons in the central nervous system contain both B1 and B2 adrenergic receptors and alpha1 and alpha2 adrenergic receptors.  These four types of receptors are also found in various organs where they are responsible for the effects of the catecholamines when they function as hormones.  All four receptors are also coupled to G proteins that generate AMP. 

 

Serotonin (5-HT):  Serotonin produces inhibitory postsynaptic potentials at most synapses.  Most of its behavioral effects are also inhibitory.  5-HT is known to play a role in the regulation of mood; the control of eating; the control of sleep and arousal; and in the regulation of pain.  The serotonergic neurons are involved with the control of dreaming.  LSD hallucinations appear to be caused by the drug interfering with the activity of serotonergic synapses which causes the user to dream while he/she is awake.  The amino acid tryptophan is the precursor for serotonin.  The enzyme tryptophan hydroxylase adds a hydroxyl group which produces 5-HTP.  The enzyme 5-HTP decarboxylase removes a carboxyl group from 5-HTP resulting in 5-HT, serotonin. Seven types of serotonin receptors have been discovered.  Of the seven 5-HT2 receptors are found exclusively in postsynaptic membranes.  The other six have been found presynaptically and postsynaptically.  With the exception of the 5-HT3 receptor, all serotonin receptors are metabotropic. 

 

C.  Amino Acids:
Glutamic Acid (glutamate):  Glutamic acid and GABA produce postsynaptic potentials by activating postsynaptic receptors.  Glutamic acid has direct excitatory effects on axons; GABA has inhibitory effects.  The two substances serve to raise and lower the threshold of excitation which affects the rate at which action potentials occur.  Glutamate is found throughout the brain where it appear to be the principal excitatory transmitter substance.  MSG, as found in some Oriental food, contains the sodium salt of glutamic acid that can cause the mild neurological symptoms of dizziness and numbness in some people.  Five types of Glutamic receptors have been found.  Three are ionotropic, the other two metabotropic.  The NMDA receptor has been linked to producing some of the synaptic changes responsible for learning. 

 

Gamma-aminobutyric Acid (GABA):  GABA is produced from glutamic acid through action of the enzyme GAD which removes a carboxyl group.  GABA is an inhibitory transmitter substance with widespread distribution throughout the brain and spinal cord.  The GABAA receptor is ionotropic and controls a chloride channel. The GABAB receptor is metabotropic and controls a potassium channel.  GABA-secreting neurons normally produce an inhibitory influence and are present in large numbers throughout the brain.  Some research suggests that epilepsy is caused by an abnormality in the biochemistry of GABA-secreting neurons. 

 

GABAA receptors contain binding sites for at least three transmitter substances and neuromodulators.  The main site is for GAGA, whereas a second site binds with a class of tranquilizing drugs known as the benzodiazepines, which includes Valium and Librium.  These drugs reduce anxiety, promote sleep, reduce seizure activity, and produce muscle relaxation.  The third site binds to barbiturates and alcohol.  Because GABA is an inhibitory neurotransmitter, the effects of benzodiazepines, barbiturates, and alcohol are the increase of neural inhibition.  It is believed that the presence of these receptor sites implies that the brain produces neuromodulators that cause a stress reaction by either blocking or activating these receptors. 

 

Glycine:  This amino acid is thought to be the inhibitory neurotransmitter in the spinal cord and lower portions of the brain.  Although more research is needed to better understand glycine, it is known that the bacteria that cause tetanus release a chemical that blocks the activity of glycine synapses.  The removal of the inhibitory effect of these synapses causes the muscles to contract continuously. 

 

The Four Major Neurotransmitters
Neurotransmitters are powerful chemicals that regulate numerous physical and emotional processes such as mental performance, emotional states and pain response. Virtually all functions in life are controlled by neurotransmitters. They are the brain's chemical messengers.Interactions between neurotransmitters, hormones, and the brain chemicals have a profound influence on overall health and well-being. When our concentration and focus is good, we feel more directed, motivated, and vibrant. Unfortunately, if neurotransmitter levels are inadequate these energizing and motivating signals are absent and we feel more stressed, sluggish, and out-of-control.

Find out more about the Neurotransmitter Support Supplements available!
Proteins, minerals, vitamins,carbohydrates, and fats are the essential nutrients that make up your body. Proteins are the essential components of muscle tissue, organs, blood, enzymes, antibodies, and neurotransmitters in the brain. Your brain needs the proper nutrients everyday in order to manufacture proper levels of the neurotransmitters that regulate your mood.

Neurotransmitter Effects:
Control the appetite center of the brain 
Stimulates Corticotropin Releasing Factor, Adrenalcorticotropic Hormone, & Cortisol 
Regulate male and female sex hormone 
Regulates sleep 
Modulate mood and thought processes 
Controls ability to focus, concentrate, and remember things 
The Mind Body Connection 
The chemistry of our bodies can alter, and be altered by our every thought and feeling. Our bodies and our minds are truly interconnected, the health of one depends on the health of the other.

There are many biochemical neurotransmitter imbalances that result in mental health symptoms such as:
· *Adrenal dysfunction

· *Blood sugar imbalance

· *Food and Chemical allergy

· *Heavy Metal Toxicity

· *Hormone imbalance

· *NutritionalDeficiency

· *Serotonin/Dopamine/Noradrenalin imbalance

· *Stimulant and drug intoxication

· *Under or overactive thyroid

Neurotransmitter Imbalances
Disrupted communication between the brain and the body can have serious effects to ones health both physically and mentally. Depression, anxiety and other mood disorders are thought to be directly related to imbalances with neurotransmitters. The four major neurotransmitters that regulate mood are Serotonin, Dopamine, GABA and Norepinephrine.

The Inhibitory System is the brains braking system, it prevents the signal from continuing. The inhibitory system slows things down. Serotonin and GABA are examples of inhibitory neurotransmitters.

GABA (Gamma amino butyric acid) GABA is the major inhibitory neurotransmitter in the central nervous system. It helps the neurons recover after transmission, reduces anxiety and stress.It regulates norepinephrine, adrenaline, dopamine, and serotonin, it is a significant mood modulator.
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Serotonin imbalance is one of the most common contributors to mood problems. Some feel it is a virtual epidemic in the United States. Serotonin is key to our feelings of happiness and very important for our emotions because it helps defend against both anxiety and depression. You may have a shortage of serotonin if you have a sad depressed mood, anxiety, panic attacks, low energy, migraines, sleeping problems, obsession or compulsions, feel tense and irritable, crave sweets, and have a reduced interest in sex. Additionally, your hormones and Estrogen levels can affect serotonin levels and this may explain why some women have pre-menstrual and menopausal mood problems. Moreover, daily stress can greatly reduce your serotonin supplies.
 
 
The Excitatory Neurotransmitter System can be related to your car's accelerator. It allows the signal to go. When the excitatory neurotransmitter system is in drive your system gets all reved up for action. Without a functioning inhibitory system to put on the brakes, things (like your mood) can get out of control

Epinephrine also known as adrenaline is a neurotransmitter and hormone essential to metabolism. It regulates attention, mental focus, arousal, and cognition. It also inhibits insulin excretion and raises the amounts of fatty acids in the blood. Epinephrine is made from norepinephrine and is released from the adrenal glands. Low levels have been can result in fatigue, lack of focus, and difficulty losing weight. High levels have been linked to sleep problems, anxiety and ADHD.

Dopamine is responsible for motivation, interest, and drive. It is associated with positive stress states such as being in love, exercising, listening to music, and sex . When we don't have enough of it we don't feel alive, we have difficulty initiating or completing tasks, poor concentration, no energy, and lack of motivation. Dopamine also is involved in muscle control and function. Low Dopamine levels can drive us to use drugs (self medicate), alcohol, smoke cigarettes, gamble, and/or overeat. High dopamine has been observed in patients with poor GI function, autism, mood swings, psychosis, and children with attention disorders.

Glutamate is the major excitatory neurotransmitter in the brain. It is required for learning and memory. Low levels can lead to tiredness and poor brain activity. Increased levels of glutamate can cause death to the neurons (nerve cells) in the brain. Dysfunction in glutamate levels are involved in many neurodegenerative diseases such as Alzheimer's disease, Parkinson's, Huntington's, and Tourette's. High levels also contribute to Depression, OCD, and Autism.

Histamine is most commonly known for it's role in allergic reactions but it is also involved in neurotransmission and can affect your emotions and behavior as well. Histamine helps control the sleep-wake cycle and promotes the release of epinephrine and norepinephrine. High histamine levels have been linked to obsessive compulsive tendencies, depression, and headaches.Low histamine levels can contribute to paranoia, low libido, fatigue, and medication sensitivities.

Norepinephrine also known as noradrenaline is a excitatory neurotransmitter that is produced by the adrenal medulla or made from dopamine. High levels of norepinephrine are linked to anxiety, stress, high blood pressure, and hyperactivity. Low levels are linked to lack of energy, focus, and motivation.

PEA is an excitatory neurotransmitter made from phenylalanine. It is important in focus and concentration. High levels are observed in individuals experiencing "mind racing", sleep problems, anxiety, and schizophrenia. Low PEA is associated with difficulty paying attention or thinking clearly, and in depression.

Neurotransmitter Levels     

Neurotransmitter levels can now be determined by a simple and convenient urine test collected at home. Knowing your neurotransmitter levels can help you correct a problem today or prevent problems from occuring in the future.

Find out more about the Neurotransmitter Testing  that is available!            

For many years, it has been known in medicine that low levels of these neurotransmitters can cause many diseases and illnesses. A Neurotransmitter imbalance can cause:

· Depression

· Anxiety

· Attention deficit/ADHD

· Panic Attacks

· Insomnia

· Irritable bowel

· PMS/ Hormone dysfunction

· Fibromyalgia

· Obesity

· Eating disorders

· Obsessions and Compulsions

· Adrenal dysfunction

· Psychosis

· Early Death

· Chronic Pain

· Migraine Headaches

What causes a neurotransmitter imbalance?
Prolonged periods of stress can deplete neurotransmitters levels. Our fast paced, fast food society greatly contributes to these imbalances.

Find out more about the Neurotransmitter Support Supplements available!
· Poor Diet. Neurotransmitters are made in the body from proteins. Also required are certain vitamins and minerals called "cofactors". If your nutrition is poor and you do not take in enough protein, vitamins, or minerals to build the neurotransmitters, a neurotransmitter imbalance develops. We really do think and feel what we eat.

· Genetic factors, faulty metabolism, and digestive issues can impair absorption and breakdown of our food which reduces are ability to build neurotransmitters.

· Toxic substances like heavy metals, pesticides, drug and alcohol use, and some prescription drugs can cause permanent damage to the nerve cells that make neurotransmitters.

· Certain drugs and substances such as caffeine, alcohol, nicotine, NutraSweet, antidepressants, and some cholesterol lowering medications deplete neurotransmitter levels leading to neurotransmitter imbalances.

· Hormone changes such as thyroid, adrenal, male and female sex hormones, can cause neurotransmitter imbalances.

· Medical conditions such as food and chemical allergy, blood sugar imbalance, inflammatory conditions, GI disorders, and head injury.  
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