Behavior Science – Dr. Brown’s Lecture Notes

Behavioral Genetics (Chapter 13):

· See last 2 tables in Stoudemire

· The genetic links in mental disorders are multifactorial, polygenic, or have unknown loci (with many new results appearing)

· 3 mental disorders with the most data:

· Bipolar Affective Disorder

· Strongest heritability

· History of depression and mania

· Lifetime incidence (Same as lifetime prevalence): 1% (high estimate)

· No gender difference

· Schizophrenia

· Disorder of thinking

· Lifetime incidence: 1% (high estimate)

· Greatest incidence in early adult years

· Prevalence when raised by an adoptive mother is the same (1%) as when raised by birth mother.  Thus, one can not say that bad mothering is a risk factor.

· Risk of developing schizophrenia for relatives of a diagnosed (index or proband) case

· DZ twins (15%), children of one schizo parent (15%), children of two schizo parents (35%: 2x), MZ twins (45%: 3x)

· Risk is not as high as expected for MZ twins because one probably inherits a vulnerability  to the disease rather than the disease itself.  Both stress and changing of the cortex during early adult hood (loss of excess buffering capacity due to action of clean up crew) may cause disease onset.  

· Heritability:  H = 2(MZ correlation – DZ correlation)

· IQ, height, personality traits: 50%

· Bipolar affective disorder:  70%

· Schizophrenia: 40%

· Major depression:  less

· Relative Risk: Prevalence in 1st degree relatives of patients/Prevalence in 1st degree relatives of controls
· Bipolar affective disorder: 20x

· Schizophrenia:  15x  [same as 15/1]

· Unipolar affective disorder:  3x

· Unipolar Depression (or Major Depression)

· Depression w/out mania

· Lifetime incidence is 10% (men), 20% (women).  Again, both are high estimates.  

· Lifetime incidence just means that at some time in life 20% of all women will have major depression.

· Other Conditions:  RR for 1st degree relatives

· Alcoholism & Panic disorder: 10x

· Anorexia:  5x

· Agoraphobia and somatization:  3x

Trauma and Development (Chapter 11)

Early experience precedes language development thus memories are more primitive:

· Memory types from most primitive to most mature: enactive, iconic, symbolic/linguistic

· Piagetian Stages:  sensori-motor, pre-operational, operational

Hippocampus does not mature until age 3 or 4:  

· Before then, memories are managed in a Taxon system (like toys thrown  in a child’s toy box) and are context-free (rats with hippocampal damage are very bad at place learning)

Regression under stress to more primitive modes:

· When one has witnessed unspeakable terrors they often have no language attached to the memory, and it is unavailable to awareness (unconscious) until it has been worked through.  

· One can become repressed when a primitive memory is understood using adult language and thinking.

· Possible explanation:  glucocorticoids (released in stress) are toxic to hippocampal cells.  

Paradoxical Attachment to abusing parents:

· Fear, stress and discomfort cause primate infants to seek the attached object more strongly

· The separation cry is important in early life and may be the primary form of communication

Dissociation and child abuse

· At least 50% of psychiatric patients have a childhood history of severe, chronic physical and/or sexual abuse

· These patients have a tendency to develop dissociative disorders:  Dissociative Identity Disorder (Multiple Personalities), PTSD, Fugue disorder

Post Traumatic Stress Disorder (PTSD):

· Actual or threatened death or serious injury

· Reaction at the time: intense fear, helplessness, horror

· Event is persistently re-experienced (1 or more of):  recurrent dreams, flashbacks, intrusive thoughts, images

· Persistent avoidance of associated stimuli:  amnesia, diminished interests, detachment, restricted affect

· Persistent sysmptoms of increased arousal:  sleep problems, irritability, poor concentration, hypervigilance

· PTSD Prevalence: Lifetime prevalence:  1-14%

· 47% of female rape victims (3 months after assault)

· 25% of those losing a relative to an accident or to violence

· 31% of Vietnam Vets (at some point)

· PTSD Treatment

· Very few randomized trials (11)

· 5 with only drug treatment (little effect)

· 6 with behavioral and or cognitive techniques (better outcome)

· In US VA hospitals, very limited use of drugs, instead the use of hypnosis, counseling groups, and desensitization has been seen to help.

Stress and Reproductive Behaviors

· All components of sex and parental care are disrupted by stress 

· Effects the medial pre-optic area in the hypothalamus 

· Different for males and females

· Mothering also depends on other limbic areas:  cingulate, hippocampus, septum

Prolonged separation

· Traumatic for infants and has enduring effects.  Brief separation is good for infant rats as well as other mild stressors b/c as adults they gain more effective stress responses (stress has a rapid onset, appropriate duration and rapid offset).  The reverse pattern occurs in those with PTSD.  

State-dependent Learning

· Some memories are only available in the same emotional state which prevailed when they were formed

· Memories acquired under stress may only surface when under stress

The anatomical substrate:  Limbic System

· Amygdala:  emotion, learning (especially for fear associated learning)

· Hypothalamus:  four F’s (feeding, fighting, flighting, fucking)

· Hippocampus:  memory, emotion

· Locus Ceruleus (in pons):  trauma center, fear and alarm

Neuroanatomy and Behavior 

· Reptilian Brain:  Aligator

· Reticular Formation

· Arousal and attention, maintains wakefulness (can’t wake up if it is lesioned)

· Midline reticular formation and intralaminar thalamic nucleus

· Locus ceruleus: noradrenergic trauma center

· Yerkes-Dodson law:  optimal level of activation is different for different tasks and different people

· Hypothalamus/ Preoptic area

· Receptors monitor blood chemistry

· Drive states and homeostasis:  via changes in both internal and external environments (endocrine, ANS, drive/motivation systems)

· Basic mechanisms of mood, affect, emotion

· Electrical stimulation in some areas is aversive, in other areas is rewarding (see figure on p. 6 of notes)

· ICSS:  Intracranial self-stimulation may act directly on descending myelinated fibers in rat brain.  This stimulation causes release of enkephalins in the brain while stimulation of other parts inhibits release of enkephalins through inhibitory GABA.   

· Paleo-Mammalian Brain:  Horse

· The Limbic System is the paleomammalian brain
· Intermediate in anatomy, evolution, and function
· Expression and interpretation of affect and emotion (organizes your emotions and understands others emotions)
· Species specific behaviors
· Papez Circuit (w/in limbic system)
· Mamillary Bodies ~~~Mamillothalamic Tract~~~> Anterior Nucleus of Thalamus ~> Cingulate Gyrus ~~~Cingulum Bundle~~~> Hippocampus ~~~Fornix~~~> Mamillary Bodies

· Other parts of limbic system:  Amygdala  
· Projects to nucleus Medialis Dorsalis and Pre-frontal cortex
· Three types of association cortices
· Temporal lobe cortex:  
· Lesions prevent formation of long-term memories 
· Kluver Bucy following bi-temporal lobectomy:  Hyperorality, Hypermetamorphosis (hippocampus)- never becomes familiar, Hypersexuality (amygdala), Taming (amygdala)

· Hyperactive temporal lobe causes Temporal Lobe Epilepsy (complex partial seizures)
· Hyper-religiosity (SUBJECTIVE)
· Commonplace events are significant
· Deepening of emotions (very different from schizophrenia)
· Motor automatisms (lip smacking)
· Violent outbursts (amygdala), HYPOsexual, déjà vu (has happened to you but you don’t think so)
· Sensory distortions, forced thoughts
· Oribito-frontal (Ventromedial) cortex 

· Projections from nucleus medialis dorsalis of thalamus
· Lesions is primates reduce aggression and affect
· The target for early “pre-frontal” lobotomy 
· Phineas Gage:  first recorded case of psychosurgery (by accident)
· Disinhibited in behavior and speech [wild] - (as if removed his superego)
· Reduced initiative and drive – removed the inhibtion of the prefrontal cortex on the limbic system.
· Unable to organize planned, complex behaviors
· Conscious vegetable
· Cingulate Cortex

· Projections from Anterior nucleus of thalamus
· Target for modern psychosurgery using small stereotaxic lesions
· Needed for fear conditioning:
· Any type of fear conditioning is impaired by bilateral lesions of amygdala
· Simple buzzer-shock conditioning can be learned by animals with lesions of the auditory cortex:  there is a direct connection to the amygdala
· Discriminated auditory fear conditioning with a positive and a negative stimulus does require auditory cortex

· Coping with anxiety (instrumental learning)
· Lesions of amygdala interfere with the acquisition of new avoidance responses but do not interfere with the expression of well learned avoidance responses
· Learning of coping responses (OPERANT) requires the nucleus accumbens
· Place learning (CLASSICAL) requires the hippocampus
· Neo-Mammalian (neocortex) Brain:  Chimp

· Cold, non-emotional (different from limbic)
· Fast and fine discriminations, temporary learning, hypothetical thinking (helps think of all hypothetical chess move and erase thoughts once move is made), planning, extinction, suppressing responses

· Normally acts to inhibit the limbic system

· Two association cortices:

· Dorsal-Lateral Prefrontal:  Evaluating future outcomes, abstract thinking, planning, working memory, extinction, temporary learning

· Delay of spatial responses in monkeys with lesion (Wisconsin General Test Apparatus- WGTA)

· Parietal-Temporal-Occipital:  integrating multimodal sensory information (organizing 3D info)

· Left:  language, arithmetic [sequential actions]

· Right:  spatial, recognizing faces, prosody (subtle aspects of speech such as tone, pitch, rhythm or emotion) [all at once type of actions]

· Lesions: “neglect” syndrome, trouble with WAIS block design

· Example of prosody – like reading a transcript. You do not get emotion of people talking

· Dividing the Corpus Callosum (Split Brain Studies)   

· Allows separate testing of two sides of brain

· Demonstrates hemispheric specialization (usually left because it contains language)

· Visual fixation gives lateralized input

Chemistry

· Some larger molecules:

· Neuropeptides:  at least 50 are known (fewer than 100 aa)

· Many are synthesized in the cell body and carried down axon as parts of much larger molecules (Proopiomelanocortin)

· Low concentrations in the brain (long lasting effects)

· Probably more co-modulators than transmitters

· OPIATES, OPIOIDS (pain control)

· 18 types

· 3 major large precursor molecules

· Steroids

· Steroid Receptors:  intracellular location, act on nuclear DNA to alter gene expression, requires hours to days

· Genomic actions: induction of neurotransmitter enzymes, growth of receptors, growth of dendritic spines

· Regulatory Effects:  regulate small molecule transmitters (synthesis, release, turnover, reuptake, catabolism)

· Thyroid and stress responses:

· Thyroid important in stress response:  causes firing of beta-adrenergic neurons

· 25% of depressed patients have low T3 and T4 response to TSH

· Modulates biological rhythms (hibernation): thyroid shuts down 

· Role of thyroid in Bipolar affective disorder, especially rapid cyclers (more than 4 cycles/year)

· Small molecule transmitters have the clearest relations with mental disorders (synthesized in terminals where needed)

· Criteria for linking a neurotransmitter to a behavior (see text)

· Present in the CNS

· Precursors and enzymes for synthesis and degradation

· Transmitter release is seen in relation to behavior

· Transmitter release will evoke the behavior

· Destruction of the cells – depletes transmitter and abolishes normal control

· Transmitter activity increases/decreases have opposite effects on behavior

· Classical neurotransmitters:  5 classes/psychiatric disorder it deals with

· Ach (acetylcholine)/ Alzheimer’s

· DA (dopamine)/ reward (DA is central to addiction and short term rewards), Schizophrenia 

· NE (norepinephrine)/ affective disorders, stress

· 5-HT (serotonin)/ affective disorders, others

· GABA/ anxiety 

· DA receptor types

· D1:  interacts with D2 receptors

· D2:  altered in schizophrenia, antagonized by most anti-psychotics

· D3 & D5:  limbic areas of brain

· D4:  frontal cortex, variable with 25 different alleles

· DA Tracts (See diagram p.11 of notes)

· Meso-cortico-limbic tract:  involved in schizophrenia, intended target for antipsychotic meds

· Nigro-striatal tract:  loss of DA leads to parkinsons (Cells of substantia nigra die. Give L-dopa because it can cross the blood brain barrier unlike dopamine)

· Tuberoinfundibular tract:  DA is prolactin inhibiting factor so lack of DA will lead to gynecomastia

· Short fibers of retina and olfactory bulb

· Dopamine Synthesis and Transport

· Excess DA is picked up by plasma membrane DA transporter

· End Product Inhibition:  as DA builds up, it inhibits conversion of tyrosine to DOPA (enzyme: tyrosine hydroxylase)

· Synthesis Modulating Autoreceptor:  senses DA and inhibits conversion of tyrosine to DOPA (enzyme: tyrosine hydroxylase)

· Release Modulating Autoreceptor:  senses DA in synapse and modulates release of DA

· DA blocking therapy occurs at the autoreceptor level

· DA and addiction

· Cocaine blocks DA transporter (reuptake of DA).  DA is in synapse longer.

· Nicotine, alcohol, marijuana, heroin, aphetamine and caffeine (?) trigger DA release

· Nucleus accumbens:  DA “pleasure center”, lesions in this region reduce response to DA

· DA and cocaine addiction

· Knockout mice (lacking DA transporters which normally terminate DA action) are 5 times more active than controls and are unaffected by cocaine or amphetamine because they are saturated to begin with. Also, receptors have down regulated.  Thus DA transporters are the brain’s principal cocaine receptors.   

· This causes down regulation of DA system:  less DA synthesized, less DA released when cell is stimulated, and reduced # of DA receptors

· Cocaine self-administration in mice

· D1 and D2 receptors have opposite effects:

· D2 agonists activate cocaine seeking

· D1 agonists suppress cocaine seeking and may diminish craving

· Anti-cocaine antibodies in mice led to reduced response to injected cocaine

· Locus Ceruleus (LC) and Opioids (morphine, heroin )

· Contains opioid mu-receptors which operate via G protein

· (noradrenergic) LC cells show

· reduced firing after a single dose of opioids

· tolerance after multiple doses (firing is less)

· increased firing after injection of naloxone (opioid antagonist which binds irreversibly and makes animal permanently insensitive to opioids) to opioid-dependent rats

· LC inhibited by amphetamine – amphetamine is an noradrenergic agonist which activates feedback loop and indirectly inhibits LC

Schizophrenia (excessive dopaminergic activity)

· 2 DA related diseases:

· DA blocking drugs help schizo but can cause parkinson’s symptoms

· L-DOPA helps parkinson’s but can make schizo worse

· Same drugs operate in two tracts

· Schizo in the DSM-IV

· 2 or more of the following, each present for a significant portion of time during a 1 month period
· delusions, hallucinations, disorganized speech (incoherence), grossly disorganized or catinic behavior, negative symptoms (flat affect, avolition, alogia), not helped by typical anti-psychotics (clozapine ???)

· duration of disturbance must be at least 6 months and may include prodromal or residual periods

· Schizo – additions to DSM IV

· Characterological traits:  not part of the official diagnosis, but often seen:  social isolation, alienation, low self-esteem, social skill deficits

· Not helped by medication, need other therapies

· Drug models of Schizo

· Hallucinogens not good models (LSD)

· Amphetamine is a good drug model (acts as an agonist and potentiates NE and DA effects)

· Chronic amphetamine abuse can produce paranoid schizo

· Stimulants make schizo worse

· PCP is a good model for psychosis (bad side effects of aggression)

· Chlorpromazine

· First anti-psychotic drug (1955)

· Member of the phenothiazine family

· Initially proposed as an anti-histamine but was found to help schizos

· Dopamine binding correlates with clinical potency:

· Chlorpromazine blocks DA receptors 

· By 1975, there were many anti-psychotic drugs (like chlorpromazine)

· Measured the binding to DA receptors as well as the clinical potency
· Measure amount of membrane ~>add drug, shake and rinse ~> add radioactive dopamine, shake, rinse ~> measure radioactivity and interpret as (inverse) strength of binding of drug to total DA receptors ~> only weak correlation when plotted against clinical potency of anti-psychotic drugs.

· Serotonin, histamine (Chlorpromazine), NE were not related to schizo

· Measure amount of membrane ~>add drug, shake and rinse ~> add radioactive haloperidol, shake, rinse ~> measure radioactivity and interpret as (inverse) strength of binding of drug to D2  receptors ~> produces straight line when plotted against clinical potency of drugs against schizophrenia

· Therefore, it is the D2 receptor that is involved in schizo, not excess DA in general.  

· Drugs that help disease in smallest doses attach most strongly to D2 receptors

· Clozapine, promazine:  low potency

· Haloperidol:  high potency

· Blocking DA receptors

· Short term use of DA-blocking drugs:  feedback mechanisms oppose the drug effect

· Increased pre-synaptic cell activity, increased DA synthesis, increased DA catabolism (HVA levels up 300-500%)

· Homovanillic acid (HVA) is a metabolite of dopamine

· There is more DA in the brain, but post-synaptic cells can’t respond to it nor can auto-receptors on pre-synaptic

· Can have extra pyramidal signs (EPS) over time:  

· Tremor, akinesia, rigidity, akathesia (restless leg), acute dystonia (muscle contraction)

· Can also have Neuroleptic Malignant Syndrome:  A rare but serious condition (mortality 20%), with fever, sewating, increased pulse and BP, muscular rigidity, dystonia, akinesia and agitation

· Long term use of anti-psychotics

· Majority of DA cells develop tolerance and stop excessive firing (nigro-striatal cells), return to normal levels of DA synthesis and turnover. Reflected in reduced EPS over time

· Some midbrain DA cells continue to fire rapidly

· Cells projecting to prefrontal and cingulate cortex

· Cell bodies in the VTA (ventral tegmental area) are involved in reward systems and schizo (nucleus accumbens)

· No tolerance, and no autoreceptors (present in magno-striatal)

· Can develop Tardive Dyskinesia:

· Serious condition, occurs after prolonged use

· Drugs effective in tiny doses have bad sad effects long term (haloperidol)

· Writhing and jerky movements of tongue and mouth (tics)

· May be irreversible

· Symptoms may improve in short run by increasing dose but this is also problematic in long run.   

· DA agonists (amphetamine)

· Produce the opposite effect:  decreased cell activity, decreased DA synthesis, decreased DA catabolism

· Neuro-anatomical model of schizophrenia (see figure p. 16 of notes):  

· Brainstem DA neurons (mesocortical pathway) normally excite the prefrontal cortex and limbic areas (mesolimbic pathway).  In response, the prefrontal cortex inhibits limbic areas and the brainstem DA neurons.  Thus, the mesocortical pathway and prefrontal areas normally inhibit the activity of the limbic areas and mesolimbic pathway.  

· A primary defect in schizo may be depressed activity in the mesocortical dopaminergic projection to the frontal lobe ~> loss of inhibition of DA mesolimbic pathway, causing the limbic areas to be over-stimulated

· Treatment is using a dopamine receptor blocker

· Even though this seems counterintuitive, the prefrontal receptors are already knocked out.  However, the limbic receptor is overactive so you are effectively blocking the over excitation of this pathway.

· Key points to tell patients:  

· Tell patients all side effects, especially akathisia (inner feeing of restlessness or nervousness) because it increases chance of non-compliance.  Most side effects can be treated.

· Lots of relapses occur (due to premature discontinuation of meds)

· Length of treatment is likely to be one year (more for chronic cases)

· Antipsychotics are not addictive, but some are photosensitive (stay out of sun)

· AVOID amphetamines, cocaine, L-Dopa b/c they may make psychoses worse

· Know the risks of Tardive Dyskinesia and sign appropriate consent forms

Catecholamines: Nor-Epinephrine Effects

· Key in affective disorders, learning & memory, reinforcement, arousal (reticular formation), sleep-wake cycle, anxiety-stress-nociception

· NE Synthesis and Metabolism (see Fadem table 2.3):

· Synthesis:  L-tyrosine~> L-DOPA ~> DA ~> NE ~> E

· Metabolized by MAO intra-neurally to MHPG    

· Metabolized by COMT extra-neurally

· Cell bodies in Locus Ceruleus for NE

· NE axons radiate widely from LC

· Only about 5K NE cells per side

· Cf about 20K DA cells per side

· Acute, severe stress increases turnover of NE and MHPG (metabolite of NE) accumulates

· Destruction of LC prevents this effect

· Locus Ceruleus

· Main function is to determine the brain’s global orientation concerning events in the external world and within the viscera

· Firing rate of LC cells in awake monkey goes up when animal is vigilant, with unexpected stimuli

· Sometimes called a “trauma center”

Serotonin

· Linked to following disorders:  anxiety, suicide [low levels], impulse aggression [low], sleep, mood regulation [low levels causes bad mood], OCD, chronic pain, alcoholism, schizophrenia (Clozapine), neurodegenerative disorders, circadian rhythm disorders, developmental disorders, eating and emesis disorders, migraine, PMS, PTSD, sexual disorders, stress

· Serotonin Receptor Types:  

· 5-HT1:  dorsal raphe

· buspirone (partial agonist) is anxiolytic

· 5-HT2: Cortex and hippocampus

· SSRI (Selective serotonin reuptake inhibitors) are anti-depressants that down regulate receptor number

· Called selective because they do not reuptake NE

· 5-HT3:  antagonists (ondansetron) that are useful against nausea/vomiting 

· possible new antipsychotic meds

· Serotonin- The civilizing neurotransmitter

· Violently aggressive people have low levels of 5-HT and 5-HIAA

· Post-mortem studies show low levels of 5-HT and 5-HIAA in CSF

· Freud also suggests that to live in civilization, we have to suppress
· Other transmitters and violence

· Violently aggressive people have low levels of HVA (DA metabolite) and high levels of NE and MHPG

· Beta blockers are helpful with aggressive children and adults with rage outbursts.

· Neurotransmitter metabolites and affective disorders (untreated)

· Mania:  high levels of MHPG (NE)

· Depression: low levels of MHPG (NE), low levels of 5-HIAA (5-HT)

· Major Depressive disorder DSM-IV:  at least 5 of the following

· Increase in guilt or suicidal ideation

· Decrease in interest, energy or concentration

· Increase or decrease in sleep, appetite or psychomotor activity

· Monoamine theory of affective disorders (summarizes data but can be misleading):

· Depression is a functional deficit of NE and/or dysregulation of 5-HT and effective treatments will reverse the effect

· Mania is a functional excess of NE and/or a dysregulation of 5-HT

· Is depression caused by too little NE, too little 5-HT, or both?

· Serotonergic “permissive” theory of depression:  Low level of 5-HT is needed for any affective disorder.  With low 5-HT, low NE leads to depression, high NE leads to mania (see p.142 in Rhodes and Tanner)

· Tri-Cyclic-Antidepressants

· First anti-depressant was originally intended to be a treatment for schizo

· Several drugs were found and the search was on to find their effects in brain

· Some TCAs block reuptake of NE, and some TCA’s block reuptake of serotonin (do not differ in clinical potency)

· Other data do not support the simple monoamine hypothesis

· Some effective anti-depressants do not block he reuptake of 5-HT or NE

· Some potent uptake blockers of 5-HT and NE do not act as anti-depressants

· Most significant:  the reuptake is immediate, but the clinical improvement takes 2-4 weeks

· What processes in brain take 2-4 weeks?  Growth of new dendrites and axons

· Biochemical basis of neuropharmacology

· The drug itself does not produce the effect, rather it is the adaptation of the brain to the presence of the drug that is beneficial

· 5-HT effects after chronic use:  Response depends on receptor type.

· 5-HT1A receptors show enhanced responsiveness

· 5-HT2 receptor number is down-regulated

· NE effects after chronic use:  chronic administration of drugs reduces the activity of adenylate cyclase in the limbic forebrain .  There is down regulation of beta-receptor number (post synaptic NE receptors) and of alpha-2 receptor number (presynaptic NE receptors)

· Anti-psychotics change receptor numbers in the brain.

· Just take it as a fact that fewer numbers of NE receptors is helpful for depression.  Noone knows why yet

· Down regulation of Limbic Forebrain (Adrenergic) receptors

· The time course is right

· Works for all classes of antidepressants

· ECT and REM sleep deprivation also reduce the number of receptors (even faster than drugs)

· Conclusion:  Don’t focus on the amount of transmitter in the brain, but on the number and sensitivity of the receptors

· Variety of Affective Disorders

· Dysthymic disorders – mildly depressed mood

· Cyclothymic disorders – cycling between depression and mania

· Reactive sadness – sadness following minor event. (no meds given)

· Bereavement – response to a major loss (no meds given unless it lasts a long time)

· Depression due to a GMC – (Ex. Thyroidism, diabetes, cancer, AIDS)

· Substance induced depression – (Ex. Steroids and alcohol)

· Treatments for affective disorders:  

· 70% of patients respond to tri, and tetra-cyclic anti-depressants

· MAOI- mono-amine-oxidase inhibitors (dietary restrictions, originally developed as anti-tubercular drug)

· SSRI- Selective serotonin reuptake inhibitors such as fluoxetine (prozac)

· ECT- 80% of patients respond

· Light therapy- used for seasonal affective disorder

· Lithium- used for bipolar patients

· Lithium:

· Effective directly against mania

· Prevents future depression in bipolar patients (prophylactic)

· Stabilizes neuronal membranes

GABA and anxiety drugs

· Antianxiety Drugs “Minor tranquilizers”- See figure p.22

· Blocks stress induced increases in the turnover of cortical NE and mesoprefrontal cortical DA

· Can suppress firing of locus ceruleus.  Seem to turn off central NE neurons

· Probably due to GABA facilitation

· GABA and anxiety

· GABAa receptor complex opens chloride channel hence hyperpolarizing [inhibitory effect]

· Also contains receptors for benzodiazepines and barbiturates

· Benzodiazepines increase the binding of GABA (increasing the chloride flux through the channel) which is useful for anxiety, convulsions & alcohol withdrawal

· Therefore, you can look at GABA as an inhibitory (calming) agent at both cellular and behavioral levels.

· Cell bodies and receptors of GABA-synthesizing cells are widely distributed in the cortex and elsewhere

· GABAb receptor does not have chloride channel & found that blocking of the GABAb channel improves learning in mice.

· GABA is the transmitter at 70% of synapses in the CNS.

ECT – Electro-Convulsive Therapy

· Discovered on accident

· In 1930, Metrazol was used on schizophrenics because he (Von Meduna) believed that schizophrenia and epilepsy are not found in the same patient therefore, epilepsy must be protective in some way.  Of course, he was wrong 

· Cerletti and Bini were the first to use electrically-induced seizures

· Currently this form of treatment is mainly used in depression

· Takes 6-12 treatments on alternative days (must produce a 20 second CNS seizure), now they also administer a muscle paralysant (succinyl choline or curare to block NMJ) so they do not harm themselves during the episode

· Respiratory support must be available, the use of a short-term anesthetic, and atropine to reduce secretions (musc. antag)

· Only 2 controlled studies have been performed but they showed that depressed patients respond better and faster to ECT than to the best medications 

· Drawbacks: 

· Memory loss - recent memories are more susceptible than older memories to disruption. (Only 1% complain > 6 months)

· Brief post-ictal confusion

· Relative contraindications – heart failure, hypertension, fever, infection, renal or respiratory failure (these are the same precautions to look for someone undergoing general anaesthesia though)

· Advantages

· No epilepsy as a result of the therapy

· Low mortality rate – 3 to 9 per 1000

· No absolute contraindications

· Therapy is OK for pregnant women, children, elderly, and even epileptics (actually protective)

· Unilateral ECT

· Theory that if you put electrodes on the right side of the brain then you could remove the memory loss, because those are on the left side.

· Has been less effective on some patients

Memory

· 2 types of human long term memory

· Declarative (explicit) – try to explain to someone what happened. {requires the cortex and the hippocampus}

· Procedural (implicit) – driving a car {subcortical; may not require cortex (i.e. hippocampus)}

· Memory Consolidation – converting short term memory into long term memory

· Require an intact hippocampus (Patient H.M. – could not learn new things because bilateral temporal lobes removed)

· Vulnerable to distraction (ex. Trying to remember a phone number and hearing other numbers)

· Vulnerable to ECT (loss of short-term memory)

· Requires protein synthesis (needed in acquisition & consolidation but not in retrieval {not as vulnerable as consolidation})

· Modulation of Memory with Systemic Injections

· Injections of both epinephrine (mobilizes glucose from liver) and glucose enhanced memory

· Acetylcholine and Glutamate enhance later memories (although high doses are not effective and can be harmful)

· Opiates and GABA impair later [school age] memories

NMDA Receptor
· Amino acid receptors

· NMDA channel – used for the entry of K, Na, and Ca

· The receptor has sites on it for glutamine, glycine, and PCP

· Also used in memory acquisition (LTP and LTD)

· LTP depends on experience and is the cellular model for learning

· Synapse specific – amplified response for only those inputs that were stimulated

· Cooperative -  Induction of LTP depends on the number of afferents (stimuli) coming in

· Associtivity – produced by the simultaneous stimulation of 2 pathways, using stimuli which are not effective by themselves

· Stable and long lasting

· LTP requires the binding of GLU to 2 types of receptors: NMDA and non-NMDA

· Blocking the NMDA channel prevents forming on new memories but does not effect expression of already established LTPs

· The NMDA channel is normally opened (depolarized) after GLU has bound to the non-NMDA

· Has a developmental plasticity

· Seen in epilepsy and in the neurotoxic effects of ischemia

· NMDA receptors mediate secondary brain damage after anoxia

· GLU has smaller proportions extracellualarly (micromolar) compared to intracellualrly (milli)

· Prolonged stimulation of NMDA receptors by GLU (Ex. Following cell damage such as anoxia) is toxic to the cell ~> leads to its death ~> release of GLU ~> further damage to neighboring cells ~> etc…  ~> causing a major spreading of the damage

· There are several other types of GLU receptors as well

Localization of Learning and Memory
· Habituation vs. Sensitization is mediated by a decrease or increase in the amount of transmitter released at a synapsein a network of 5 different cells which can be individually identified in each snail [Aplysia].  Studies conducted by Kandel

· Habituation – If you elicit a  response over and over then the response slowly fades out.  This is an active process involving the presynaptic release and is not merely due to fatigue

· Sensitization – Strengthen the response of a reflexive behavior (Ex Raise your muscle tension to elicit a knee jerk response)

· Initial reflex with 2 cells: Sensory cell (UCS) and a motor neuron (UCR)

· Then training with another sensory cell (CS)

· A serotonergic interneuron presynaptically facilitates the initial reflex producing sensitization

· Protein synthesis is needed for long-term memory

Sexual Dimorphism
· Depends largely on whether or not testosterone is or is not around during a  critical period

· Sexual dimorphic nucleus: larger in males than in females

· Women monkeys with lesions are more plastic (other areas take over function) whereas males have developed earlier and therefore do not possess anywhere near the same plasticity as the females.  Believed to be true for humans too but no studies done (unethical)
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