89. CNS neurotransmitters – disorders

The three major categories of substances that act as neurotransmitters are 
- amino acids (primarily glutamic acid, GABA, aspartic acid & glycine)
- peptides (vasopressin, somatostatin, neurotensin, etc.)
- monoamines (norepinephrine, dopamine & serotonin) plus acetylcholine.

Glutamic acid (glutamate)
= the most common neurotransmitter in the brain
= always excitatory, usually due to simple receptors that ↑ the flow of positive ions by opening ion-channels.
NMDA glutamate receptor (N-Methyl-D-Aspartate = a synthetic chemical that binds specifically to the NMDA glutamate receptor)
= the only known receptor which is regulated both by a ligand (glutamate) and by voltage.
- has 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 and memory 
- are most densely concentrated in the cerebral cortex (esp. hippocampus, amygdala, and basal ganglia). 
- are particularly vulnerable to glutamic acid excitotoxicity, ie,. 

● Excitotoxicity due to glutamic acid (damaging effects due to excessive excitatory neurotransmitter release) = a major destructive process seen in strokes and other forms of brain ischemia.
● dysbalance between glutamate and GABA plays an important role in pathogenesis of epilepsy 
● increased alertness (or anxiety) due to caffeine may be mainly due to blockade of adenosine receptors which normally inhibit glutamate release. 
● inhibition of NMDA receptors (and LTP) is believed to be an important part of the way ethanol affects brain functions. 

GABA (γ-aminobutyrate)
= a major inhibitor of presynaptic transmission in the CNS 
= most highly concentrated in the substantia nigra and globus pallidus nuclei of the basal ganglia, followed by the hypothalamus, the periaqueductal grey matter and the hippocampus
● seizures in Vitamin B6 deficiency are mediated by ↓ of GABA (The vitamin B6 derivative pyridoxal phosphate is a cofactor in the synthesis of GABA). 
● Benzodiazepines and ethanol ↑ activity of GABA postsynaptic receptors (↑ Cl influx) Prolonged use of benzodiazepines results in adaptation of the receptors to their use. Receptors may increase in number and/or sensitivity to GABA - tolerance. Withdrawal of the drug can result in GABA receptor hypoactivity producing symptoms worse than the ones that the patient originally sought treatment for - withdrawal. 
● Dysbalance between glutamate and GABA plays an important role in pathogenesis of epilepsy 
- plays a role in some of the basal ganglia disorders
-chorea = damage to striate body of basal ganglia 
- loss of inhibitory effect ( production of GABA) → motor activity +  muscle tone = hyperkinetic hypotonic syndrome 
- degenerative - Huntington disease
- children - streptoccocal infection  - “St Vitus dance”
- rapid, irregular, aimless, involuntary movements of muscles of limbs, face, and trunk athetosis -”indian dancer”
- damage - striatum + globus pallidus
- constant, slow, involuntary, writhing movement of fingers/hands or feet/toes + often mental retardation
- hemiballismus - high amplitude flailing of the limbs on one side of the body 

Dopamine 
Belongs together with norepinephrine and epinephrine to catecholamines
Parkinson's disease
- damage to substantia nigra + globus pallidus
- results from selective degeneration of substantia nigra (pigmented substantia nigra neurons)
- idiopathic or due to viral infection infection (Spanish flu)
- shortage of dopamine in substantia nigra  excess of Ach   of GABA in striatum   effect of  BG  suppression of  motor cortex  hypokinesia
- damage to globus pallidus   inhibitory effect in reticular formation  rigidity  hypokinetic - hypertonic disease
- Clinical picture:
- rigidity - elementary postural reflexes, hypomimic face,  motor activity - walking difficulties + problems initiating a movement
- tremor at rest

Drug addiction
dopamine = neurotransmitter stimulating centrum of pleasure
- Cocaine prevents dopamine reuptake by binding to proteins normally transporting dopamine → prolonged dopamine effect 
- Amphetamine also ↑ dopamine levels 
Frequent repeated over-stimulation →↓ number of receptors + remaining receptors become less sensitive  tolerance to drugs (addiction)

Schizophrenia
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). 
Recent view supposes accompanying disorder in serotonin + glutamate systems
Etiology
- Genetic predisposition?
- Viral infection?

Attention deficit hyperactivity disorder 
- excess of dopamine causes restlessness and hyperactivity
- improper balance between dopamine + serotonin 

Acetylcholine 
- Ach receptors are comparatively few in the brain but outside the brain Ach is the major neurotransmitter controlling the muscles. 
- in the brain Ach is produced by interneurons in the striatum, the nucleus accumbens and the basal nucleus of Meynert that provides cholinergic input to the cerebral cortex and the basolateral amygdala, the basal ganglia and the reticular nucleus of the thalamus. 
Alzheimer's Disease 
= most common type of dementia in elderly 
= gradually progressive cognitive decline that results in loss of memory, language skills and activities of daily living
- incidence increases with age
Etiology - not known
genetics - 19 or 21 chromosome? (only some cases)
external factors - enviromental toxins  - aluminium?
Pathogenesis:
● neuritic plaques (outside neurons) = aggregates of filaments of ß-amyloid (neurotoxic)
- limbic syst - hippocampus
- parietal lobes
● neurofibrillary tangles (inside neurons, close to nucleus) = tau-protein
- pyramidal cells of neocortex
● markers of inflammation
- production of free radicals → neurone degeneration
● progressive deterioration of cholinergic neurons especially in the basal nucleus of Meynert  and hippocampus
-  of Acetylcholine-transferase
- Ach levels are decreased up to 90% of norm 
● loss in norepinephrine and 5-HT
- non-cognitive symptoms of AD - e.g. depression and aggression
● cerebral atrophy - widened sulci and narrowed gyri, esp. in frontal and parietal regions

Serotonin (5-hydroxytryptamine, 5HT)
- There is no equilibration between body and brain serotonin - the serotonin in the brain is independently synthesized from tryptophan transported across the blood-brain barrier. Insulin facilitates the transport of tryptophan across the blood-brain barrier. The resultant improvement of mood and drowsiness induced by serotonin is a common effect of a large carbohydrate meal.
- ↓ Serotonin → overeating, bulimia
- ↓ Serotonin → anxiety and endogenous depression (inhibitors of serotonin reuptake – SSRI are helpful in depression and bulimia treatment) 
- high-estrogen contraceptives may contribute to depression by lowering serotonin levels in the brain.

Seasonal Affective Disorder (SAD) - ”winter blues” = autumn or early winter depression
Symptoms:
- tendency to sleep more, eat more, crave carbohydrates and sweets, gain weight
- loss interest in sex
- irritability 
Pathogenesis:
In the pineal body Serotonin is not used as a transmitter but for synthesis of melatonin. Melatonin regulates diurnal (circadian) and seasonal behavior in mammals (the pineal body has been called a "third eye" because its activity is influenced by light - noradrenergic neurons near the optic nerve are inhibited by light but in darkness, norepinephrine stimulation of pineal cells causes change of serotonin to melatonin). 
With decrease of sun light (autumn) more melatonin is produced (higher consumption of tryptophan → ↓ serotonin in brain → depression, melatonin has depressive/hypnotic effect - used as hypnotics or for prevention of "jet lag" - shift in time)



