SEROTONIN
Low levels- depression and Mania, 

Excess- Schizophrenia

Serotonin was isolated from the blood serum as a substance causing powerful smooth muscle contraction. Only later was it demonstrated to be tryptamine with a hydroxyl group at the 5-position. Only 1-2% of the serotonin in the body is in the brain, insofar as serotonin is widely distributed in platelets, mast cells, etc. But there is no equilibration between body serotonin and brain serotonin -- the serotonin in the brain is independently synthesized from tryptophan transported across the blood-brain barrier. 
Serotonin synthesis   

Serotonin synthesis is a 2-step process, the first step of which requires the enzyme tryptophan hydroxylase with oxygen, iron and THB as co-factors. Neither the enzyme nor the co-factors are rate-limiting for either step of these reactions -- virtually all brain tryptophan is converted to serotonin. Serotonin concentration in the brain is far more sensitive to the effects of diet than any other monoamine neurotransmitter -- and can be increased up to 10-fold by dietary supplementation in laboratory animals. 

Consumption of a meal that is high in carbohydrate, branch-chained amino acids and tryptophan has a particularly dramatic effect because both glucose from carbohydrate and branch-chained amino acids (especially leucine) increase insulin secretion. Insulin facilitates the transport of the branch-chained amino acids into muscle cells, thereby reducing the competition tryptophan faces for the large neutral amino acid transporter that takes it across the blood-brain barrier. The resultant drowsiness induced by serotonin is a common effect of a large carbohydrate meal. 

Melatonin   

The richest concentration of serotonin in the body can be found in the pineal body, even though this gland does not use serotonin as a transmitter. Instead, serotonin is primarily used for synthesis of melatonin, so-called because it can darken the skin of amphibians ("melas" is Greek for "black") -- although it has also been reported to induce pigment lightening in cells. Melatonin is synthesized from serotonin in a 2-step process that takes an acetyl group from acetyl-CoA and a methyl group from SAM (S-AdenosylMethionine). 

Melatonin is of particular importance for regulating diurnal (circadian) & seasonal behavior & physiology in mammals. The pineal body has been called a "third eye" because its activity is influenced by light. In mammals, noradrenergic neurons near the optic nerve are inhibited by light. In darkness, norepinephrine stimulation of pineal cells causes the release of cyclic AMP second-messenger, which activates (phosphorylates) the N-acetyl transferase enzyme which catalyzes acetylation of serotonin. Melatonin is a potent inhibitor of sexual activity in both sexes. Decreased melatonin in the Spring leads to rutting -- and the birth of offspring in the warmer seasons. Melatonin also stimulates production of brown adipose tissue, a special form of fat which (when burned) only produces heat, not ATP. This is especially important for hibernating animals. 
  

Serotonin neurotransmitter neurons are located in the raphe nuclei. The caudal (closer to the "tail") nucleus projects largely to the medulla and spinal cord for the regulation of pain perception. The rostral (closer to the "beak") nucleus projects extensively to the limbic structures and the cerebral cortex. In the limbic system, especially, the projections are co-localized with norepinephrine receptors -- and the two transmitters seem to work in conjunction in the regulation of arousal. 

The tricyclic antidepressants typically inhibit both norepinephrine & serotonin re-uptake by pre-synaptic terminals. The effectiveness of these neurotransmitters against depression seems to be due to both decreased functional activity of beta-postsynaptic norepinephrine receptors and increased activity of type-2 serotonin receptors in the limbic regions of the brain. 

Serotonin seems to have distinctive actions contributing to anxiety and impulsive behavior. Patients with evidence of low serotonin levels have attempted suicide by very dramatic means, such as cutting the throat. This may explain some of the therapeutic effects of fluoxetine (Prozac), which selectively prevents the re-uptake of serotonin. Fluoxetine is also distinctive because it has a half-life of about four days. Fluoxetine has been used therapeutically for panic, obsessive-compulsive and eating disorders (such as bulimia). Unlike the tricyclic anti-depressants, which often stimulate appetite, fluoxetine more often reduces appetite. Fluoxetine may even enhance learning [PHARMACOLOGY BIOCHEMISTRY AND BEHAVIOR 52:341-346 (1995)]. 

Monkeys with high levels of testosterone & low levels of serotonin are both aggressive & lacking in restraints on impulsive/violent behavior. Arsonists who commit their crime for mercenary reasons show normal levels of serotonin, but those who commit the crime impulsively have low serotonin. Lead interferes with serotonin synapse formation. Monkeys experimentally exposed to lead became so dangerously aggressive that the study was halted early [CHEMICAL & ENGINEERING NEWS 81(22):33-37 (2003)( http://pubs.acs.org/cen/science/8122/8122sci1page1.html)]. 

Reserpine prevents the transport of all the monoamines (and acetylcholine) into storage vesicles in the presynaptic membrane -- leaving them vulnerable to destruction by monoamine oxidase. Reserpine (as extracts from the Rauwolfia plant) was used for centuries in India to treat "hysteria". Reserpine has been used as a potent tranquilizer, but it can produce serious depression that may lead to suicide attempts. 

LySergic acid Diethylamine (LSD) acts most strongly on the type-2 serotonin receptors, but it also has some effect on norepinephrine receptors. Serotonin seems to play a role in dreaming. During both dreaming and LSD intoxication, electrical activity in the visual cortex arises from the brain stem rather than from the eyes. LSD not only induces visual hallucinations, but it heightens sensory awareness while diminishing control of sensory input. The reduced ability to distinguish between sensory impressions can lead to feelings of being "in union with the universe". Artificial stimulation of the raphe simulates the actions of LSD, decreasing habituation to repetitive stimuli. Low doses of LSD & amphetamine, however, have been shown to enhance a form of associative learning. 

High-estrogen contraceptives may have contributed to depression by lowering serotonin levels in the brain. Low levels of growth hormone in depressed patients may be due either to low levels of norepinephrine, serotonin, or both. 

DOPAMINE

Too much- tourettes

Schizophrenia-oversensitive to Dopamine

Excessive levels or oversensitivity -> Mania

The primary monoamine neurotransmitters are dopamine, norepinephrine and serotonin. Dopamine and norepinephrine are catecholeamines, whereas serotonin is an indolamine. 

The amino acid tyrosine is not an essential amino acid because it can be synthesized in the liver from phenylalanine by the enzyme phenylalanine hydroxylase. But it cannot be synthesized in the brain, and therefore must enter the brain by the large neutral amino acid transporter, which also transports phenylalanine, tryptophan, methionine and the branch-chained amino acids. These amino acids all compete for the transporter, so a large quantity of one of the other amino acids in the blood stream could greatly limit the amount of tyrosine entering the brain. One case in which this occurs is when there is a liver deficiency of phenylalanine hydroxylase. In that case, Phenylalanine reaches high concentrations in the blood and monopolizes the large neutral amino acid transporter, producing the mental retardation of phenylketonuria. 
Dopamine synthesis   

Once in the brain, tyrosine can be converted to DihydrOxyPhenylAlanine (DOPA) by the tyrosine hydroxylase enzyme using oxygen, iron and TetraHydroBiopterin (THB) as co-factors. High concentrations of dopamine inhibit tyrosine hydroxylase activity through an influence on the THB co-factor. DOPA is converted to dopamine by Aromatic Amino Acid Decarboxylase (which is fairly nonspecific insofar as it will decarboxylate any aromatic amino acid) using PyridoxaL Phosphate (PLP) as a co-factor. This reaction is virtually instantaneous unless there is a Vitamin B6 deficiency. 

Dopamine & epinephrine are primarily inhibitory neurotransmitters that produce arousal. This may sound paradoxical, but the most likely explanation for this effect is that the postsynaptic cells for catecholamines themselves are inhibitory. There are 3-4 times more dopaminergic cells in the CNS than adrenergic cells. Dopamine in the caudate nucleus facilitates posture, whereas dopamine in the nucleus accumbens is associated with an animal's speed (and pleasure). 
  

There are two primary dopamine receptor-types: D1 (stimulatory) and D2 (inhibitory), both of which act through G-proteins. D2 receptors often occur on the dopaminergic neurons, partially for the purpose of providing negative feedback. These so-called autoreceptors can inhibit both dopamine synthesis and release. 
  

There are 4 main dopaminergic tracts in the brain: (1) the nigrostriatial tract from the substantia nigra to the striatum accounts for most of the brain's dopamine (2) the tuberoinfundibular tract from the arcuate nucleus of the hypothalamus to the pituitary stalk, which has a controlling effect on the release of the hormones prolactin through tonic inhibition via D2 receptors (3) the mesolimbic tract from the ventral tegmental area to many parts of the limbic system and (4) the mesocortical tract from the ventral tegmental area to the neocortex, particularly the prefrontal area. Dopamine cells project topographically to the areas they innervate. 
  

Both dopamine & norepinephrine are catabolized by a two-step process involving the enzymes MonoAmineOxidase (MAO) and Catechol-O-MethylTransferase (COMT). COMT is primarily active in the synapses, and uses &S-Adenosyl Methionine (SAM) as a methyl-group donor. MAO is primarily active in the pre-synaptic terminal against catecholamines that are not safely enclosed in storage vesicles. Normally, COMT only catabolizes about 10% of synaptic catecholamine, since catecholamine synaptic activity is primarily terminated by re-uptake into the pre-synaptic neuron terminal. MAO accounts for a much larger portion of catecholamine metabolism. 

The darkly pigmented neurons in the pars compacta of the substantia nigra accounts for 80% of the dopamine in the brain. The dark pigment neuromelanin is a dopamine polymer that makes the substantia nigra appear black. Motor control in the striatum (caudate nucleus and putamen) is thought to involve a balance between inhibitory dopaminergic (D2) and excitatory cholinergic neurons. 

A form of MAO, known as MAO-B, is the most common form of MAO in the striatum. MAO-B is known to metabolize the neurotoxin MPTP to its active form. When striatum dopamine is depleted to 20% the original level, symptoms of Parkinson's Disease appear. Administration of DOPA is the most common treatment. The monoamine oxidase inhibitor deprenyl will specifically inhibit MAO-B, thereby making deprenyl a useful adjunct to DOPA therapy. The ergot derivative bromocriptine is a D2 agonist which can alleviate the symptoms. 

Phenothiazine derivatives   

Schizophrenia is thought to be due to an overstimulation of D2 receptors in the mesolimbic and mesocortical systems. Evidence for the "excess dopamine" theory of schizophrenia comes largely from the fact that D2 antagonist drugs alleviate the symptoms, whereas substances which increase D2 stimulation, such as amphetamines, can induce psychotic symptoms (which are reversible with D2 antagonists). About 10% of Parkinsonian patients given DOPA treatment will develop psychotic symptoms resembling schizophrenia. 

The major classes of antipsychotic drugs are the phenothiazines (eg, chlorpromazine), the butyrophenones (eg, haloperidol) and the thioxanthenes (eg, chlorprothixene). Butyrophenones are 100 times more potent against D2 receptors than against D1 receptors. The similarity in shape between a portion of the chlorpromazine molecule and dopamine indicates how chlorpromazine could bind to a dopamine receptor without triggering a response. 

The mesolimbic & mesocortical dopaminergic systems are thought to play an important role in motivation, by attaching cognition of incentive significance to stimuli. In experiments on animals that are motivated to electrically self-stimulate themselves with electrodes implanted in their brains, dopamine is the mediating neurotransmitter for the locus ceruleus, lateral hypothalamus, ventral tegmental area and sulcal prefrontal cortex (but not the nucleus accumbens or substantia nigra). 

Cocaine particularly increases dopaminergic activity in the mesolimbic areas of the brain by inhibiting dopamine re-uptake in the ventral tegmental area and the nucleus accumbens. Amphetamine seems more generalized in its action, not only by inhibiting re-uptake, but by releasing dopamine from most brain regions. Both cocaine & amphetamine produce feelings of psychological energy & arousal, associated with diminished appetite & need for sleep. Both cocaine & amphetamine can lead to visual & tactile hallucinations as well as paranoid thinking. Chronic amphetamine users seem to lose a capacity for normal pleasure -- which has been correlated with neuron degeneration in the mesolimbic area. 

The natural brain amine phenylethylamine (found in chocolate) has been associated with the "love-excitement" of sexual attraction & emotional infatuation. But the locus & mechanism of its action is still a mystery. 

Other actions of dopamine include the induction of vomiting by stimulation of D2 cells in the chemoreceptor trigger zone, stimulation of growth hormone release by D2 receptors, and increased exploration & locomotion (thought to be connected to dopaminergic activity in the nucleus accumbens). Sexual behavior in the male is increased by dopamine agonists, whereas sexual behavior in the female is increased by dopamine antagonists. 

NOREPINEPHRINE

Depression due to too little, Mania to too much

Norepinephrine (along with acetylcholine) is one of the two neurotransmitters in the peripheral nervous system. Norepinephrine is synthesized from dopamine by means of the enzyme Dopamine Beta-Hydroxylase (DBH), with oxygen, copper and Vitamin C as co-factors. Dopamine is synthesized in the cytoplasm, but norepinephrine is synthesized in the neurotransmitter storage vesicles. Cells that use norepinephrine for formation of epinephrine use SAMe (S-AdenylMethionine) as a methyl group donor. Levels of epinephrine in the CNS are only about 10% of the levels of norepinephrine. 

The most prominent noradrenergic (ie, norepinephrine-containing) nucleus is the locus ceruleus in the pons, which account for over 40% of noradrenergic neurons in the rat brain. Most of the other noradrenergic neurons are clustered in a region described as the lateral tegmental area. The neocortex, hippocampus, and cerebellum receive noradrenergic stimulation exclusively from the locus ceruleus. Most of the dopaminergic innervation of the hypothalamus comes from the lateral tegmental nuclei. 
  

Electrical stimulation of the locus ceruleus produces a state of heightened arousal. The noradrenergic system is most active in the awake state, and it seems to be important for focused attention, in contrast to the motor arousal of dopamine. Although the locus ceruleus has been identified as a pleasure center, it also seems to contribute to anxiety. Increased neuronal activity of the locus ceruleus is seen upon the occurrence of unexpected sensory events. Brain norepinephrine turnover is increased in conditions of stress. Benzodiazepines, the primary antianxiety drugs, decrease firing in the locus ceruleus, thus reducing distribution of noradrenalin to the forebrain and amygdala. This is part of the explanation for the use of benzodiazepines for inducing sleep. 

Active projection of norepinephrine from the locus coeruleus of the reticular activating system to the forebrain is a key feature of awakeness-arousal as distinguished from sleep. Norepineprhine projection to the basal nucleus of the forebrain is low in sleep -- virtually absent in REM (Rapid Eye-Movement) sleep. The basal nucleus when stimulated by norepinephrine from the locus coeruleus sends neuromodulating acetylcholine to the cerebral cortex, thereby promoting alertness. 

The beta-adrenergic blocking drug propranolol has also been used to treat anxiety. By blocking the adrenergic inputs to the amygdala, beta-blockers inhibit the formation of traumatic memories. Cortisol stimulation of the locus coeruleus due to chronic stress exacerbates norepinephrine stimulation of the amygdala. 

Beta-noradrenergic receptors also apparently inhibit feeding, whereas alpha-receptors seem to stimulate feeding. 

Although MAO inhibitors reduce metabolism of all catecholamines, it is believed that the anti-depressant effect is more related to norepinephrine than to dopamine. Most MAO in the brain is of type-B, but drugs selective for inhibiting MAO-A have proven to be better anti-depressants. MAO-A preferentially metabolizes norepinephrine & serotonin. MAO-A inhibiting drugs given for depression have critically elevated blood pressure in patients eating tyramine-containing foods (such as cheese) due to the failure to metabolize tyramine (which can act as a pressor agent). These drugs (eg, phenelzine & pargyline) inactivate MAO by forming irreversible covalent bonds. More modern MAO inhibitors are safer because they form reversible bonds. MAO-B inhibitors like deprenyl are also less likely to cause the "cheese effect". (Alcohol also selectively inhibits MAO-B.) 
Tricyclic Antidepressants   

Tricyclic anti-depressants derive their name from their 3-ring structure. Desipramine only inhibits norepinephrine re-uptake, with little effect on dopamine. Imipramine & amitriptyline are inhibitors of norepinephrine and serotonin re-uptake by the presynaptic terminals, but are more potent for serotonin. Cocaine is also a potent inhibitor of catecholamine re-uptake, but it does not act as an anti-depressant. Weight gain due to increased appetite is a frequent side effect of tricyclic anti-depressants, particularly of amitrip- tyline. By contrast, both cocaine & amphetamine reduce appetite. 

Both MAO inhibitors and tricyclic anti-depressants have immediate effects on brain monoamines, but clinically anti-depressants require several weeks of administration before they produce a therapeutic effect. It is therefore believed that it is not the immediate effects on neurotransmitters that is producing the antidepression, but the long-term effects on modification of receptors. 

Excessive cortisol secretion is seen in 40-60% of depressed patients, associated with diminished noradrenergic inhibition of corticotropin-releasing hormone secretion in the hypothalamus. Corticotropin-releasing hormone induces anxiety in experimental animals. 

(return to contents) 

ACETYLCHOLINE

PNS- Relaxation (non-voluntary)

The chemical compound acetylcholine, often abbreviated as ACh, was the first neurotransmitter to be identified. It is a chemical transmitter in the central nervous system (CNS) as well as in the parasympathetic nervous system in many organisms including humans. Acetylcholine is an ester of acetic acid and choline with chemical formula CH3CO

 HYPERLINK "http://en.wikipedia.org/wiki/Oxygen" \o "Oxygen" \t "_blank" O

 HYPERLINK "http://en.wikipedia.org/wiki/Methylene" \o "Methylene" \t "_blank" CH2CH2

 HYPERLINK "http://en.wikipedia.org/wiki/Nitrogen" \o "Nitrogen" \t "_blank" N+(CH3)3 and structure:
 
This structure is reflected in the systematic name, 2-(acetyloxy)-N,N,N-trimethylethanaminium.

When it binds to acetylcholine receptors of muscle fibers, stimulates those fibers to contract. Acetylcholine is also used in the brain, where it tends to cause excitatory actions. The glands that receive impulses from the parasympathetic part of the autonomic nervous system are also stimulated in the same way. This is why an increase in acetylcholine causes a decreased heart rate and increased production of saliva.

Acetylcholine is synthesized in certain neurons by the enzyme choline acetyltransferase from the compounds choline and acetyl-CoA.

Normally, the acetylcholine is quickly removed after having performed its action; this is done by the enzyme acetylcholinesterase which converts acetylcholine into choline and acetate. The devastating effects of nerve agents are due to their inhibition of this enzyme, resulting in continuing stimulation of the muscles, glands and central nervous system. Certain insecticides are effective because they inhibit this enzyme in insects. On the other hand, since a shortage of acetylcholine in the brain has been associated with Alzheimer's disease, some drugs that inhibit acetylcholinesterase are used in the treatment of that disease.

Botulin acts by suppressing the release of acetylcholine. Nicotine acts by increasing the activity of certain acetylcholine receptors, as does muscarine. Conversely, atropine and scopolamine act by blocking these receptors. Atropine and scopolamine are anticholinergic agents.

The disease myasthenia gravis, characterized by muscle weakness and fatigue, occurs when the body inappropriately produces antibodies against acetylcholine receptors, and thus inhibits proper acetylcholine signal transmission. Drugs which competitively inhibit acetylcholinesterase (e.g., neostigmine or physostigmine) are effective in treating this disorder.

Acetylcholine was first identified in 1914 by Henry Hallett Dale, then confirmed as a neurotransmitter by Otto Loewi. For their work, they received the 1936 Nobel Prize in Physiology or Medicine.

[edit]

Clinical Uses

Acetylcholine is sometimes used during cataract surgery to produce rapid constriction of the pupil. It must be administered intraocularly because corneal cholinesterase metabolizes topically administered ACh before it can diffuse into the eye. It is sold by the trade name Miochol-E (CIBA Vision).

[edit]

Release sites

Acetylcholine is released by:

pre- and post- ganglionic parasympathetic neurons 

preganglionic sympathetic neurons 

somatic neurons 

some CNS neurons 

External links:

http://www.neurosci.pharm.utoledo.edu/MBC3320/acetylcholine.htm 

http://www.neuro.wustl.edu/neuromuscular/mother/acetylcholine.htm 

[edit]

Sources

Brenner, G. M. (2000). Pharmacology. Philadelphia, PA: W.B. Saunders Company. ISBN 0-7216-7757-6 

Canadian Pharmacists Association (2000). Compendium of Pharmaceuticals and Specialties (25th ed.). Toronto, ON: Webcom. ISBN 0-919115-76-4 
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GABA

Trouble falling asleep and anxiety can be related to a GABA problem

GABA is the major inhibitory neurotransmitter of the brain, occurring in 30-40% of all synapses (second only to glutamate as a major brain neurotransmitter). It is most highly concentrated in the substantia nigra & globus pallidus nuclei of the basal ganglia, followed by the hypothalamus, the periaqueductal grey matter ("central grey") and the hippocampus. The GABA concentration in the brain is 200-1000 times greater than that of the monoamines or acetylcholine. 

GABA is somewhat unique among neurotransmitters insofar as it is commonly inactivated (after release into the synapse) by active transport into the astrocyte glial cells that are closely associated with synapses. Both glutamate and GABA are synthesized in the brain from the Krebs citric acid molecule alpha-keto glutarate -- a reaction known as the "GABA shunt". GABA is synthesized from glutamic acid and is catabolized back into the citric acid cycle. The vitamin B6 derivative pyridoxal phosphate is a cofactor in the synthesis of GABA, which is why seizures occur in Vitamin B6 deficiency. GABA levels rise when the citric acid cycle activity is low (ie, when cell energy usage is low), and the resultant generalized GABA inhibitory effect on the brain neurons can be protective during hypoxia or ischemia. 

Like glycine, the GABA receptor is connected to a chloride ion channel, allowing more chloride ion to enter the cell and thus making the membrane less likely to depolarize. A closely associated receptor site will bind to benzodiazepines (such as diazepam) to increase the frequency of channel opening. Caffeine can neutralize the effects of benzodiazepine tranquilizers such as diazepam (Valium®). Benzodiazepines act by enhancing the effect of GABA on GABAA receptors, whereas caffeine has an opposite effect by inhibiting GABA release. Barbiturates slightly decrease the frequency of opening, but prolong the duration. The benzodiazepine receptor site is thought to be the natural site of action of a yet-unidentified peptide. By potentiating the effects of GABA, the benzodiazepines function as so-called "minor tranquilizers" (to be distinguished from the anti-psychotic "major tranquilizers"). Anxiety is the most frequently diagnosed psychiatric disorder -- affecting 10-30% of people -- which is why diazepam (Valium) was for many years the most frequently prescribed drug in North America. Alcohol & barbiturates have similar effects on the GABA receptor. In fact, potentiation of chloride influx into neurons is a major mechanism in the effect of ethanol on the brain. Some of the effects of benzodiazepines are probably due to GABA synapses on monoamine-producing neurons. GABA receptors can also be blocked, and the insecticide dieldrin is used for this purpose. 

Prolonged use of benzodiazepines results in adaptation of the receptors to their use. Receptors may increase in number and/or sensitivity to GABA. (An increase or decrease in receptor number or sensitivity due to receptor alteration by drugs is known as upregulation or downregulation, respectively. A larger dose of benzodiazepine may be needed to produce the same result -- a phenomenon known as tolerance. Withdrawal of the drug can result in GABA receptor hypoactivity producing symptoms worse than the ones that the patient originally sought treatment for. Such symptoms are called withdrawal. The phenomenon of receptor adaptation and drug dependence is seen with most drugs that act at synapses, including ones that are excitatory or potentiating as well as inhibitory or deactivating. 

GLUTAMATE

Glutamate is the most common neurotransmitter in the brain. It is always excitatory, usually due to simple receptors that increase the flow of positive ions by opening ion-channels. Glutamate stimulation is terminated by a (chloride-independent) membrane transport system that is only used for re-absorbing glutamate & aspartate across the pre-synaptic membrane. Not all glutamate receptors are so simple, however. 

Possibly the most complicated of all neurotransmitter receptors is the NMDA glutamate receptor. N-Methyl-D-Aspartate is a synthetic chemical not naturally found in biological systems, but it binds specifically to the NMDA glutamate receptor (receptors are frequently named for artificial substances that bind to the receptor with higher specificity than their natural neurotransmitter ligands). The NMDA receptor is the only known receptor which is regulated both by a ligand (glutamate) and by voltage. There are at least 5 binding sites which regulate NMDA receptor activity, ie, sites for (1) glutamate (2) glycine (3) magnesium (4) zinc and (5) a site that binds the hallucinogenic substance phencyclidine (PCP, "angel dust"). Phencyclidine can induce psychosis -- an NMDA effect that is difficult to explain. NMDA receptors have a capacity for an activity-dependent increase in synaptic efficiency known as LTP (Long-Term Potentiation), which may be crucial to some forms of learning & memory. Inhibition of NMDA activity (and LTP) is believed to be an important part of the way ethanol affects brain functions. 

NMDA receptors are most densely concentrated in the cerebral cortex (hippocampus, especially -- particularly the CA1 region), amygdala, & basal ganglia. They are particularly vulnerable to glutamic acid excitotoxicity, ie, damaging effects due to excessive excitatory neurotransmitter release. Both aspartic acid & glutamic acid (the two amino acids having 2 carboxyl groups -- the "acidic amino acids") have the capacity for destroying neurons when released in excessive amounts (although calcium seems to be more of a cause than acidity). Monosodium glutamate (MSG), a major component of soya sauce, has been shown to destroy nerve cells when fed to young animals. Insofar as glutamate does not normally cross the blood-brain barrier, it is open to question whether this is relevant to a human adult. Increased alertness (or anxiety) due to caffeine may be mainly due to blockage of adenosine receptors which normally inhibit glutamate release. 

Glutamate released into synapses is normally soaked-up by astrocytes (glial cells) which convert the glutamate into glutamine, a molecule which cannot cause excitotoxicity. The glutamine can then be safely transported back to neurons for re-conversion into glutamate. One of the damaging effects of mercury poisoning is swelling of astrocytes, which are rendered unable to soak-up glutamine from synapses (contributing to excitotoxicity). Excitotoxicity due to glutamic acid is a major destructive process seen in stokes and other forms of brain ischemia (see Ischemia and Reperfusion Injury in Cryonics). 

