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Visualizing Neurons by Staining:
Allen Brain Atlas
· Digital atlas of gene expression patterns in the mouse/human brain
Brain Imaging:  
Contrast X-rays
· Injecting a substance into a compartment of the body so that it absorbs more or less than the rest of the surrounding tissue
· Heightens the contrast between the structures and makes it easier to see
· E.g. cerebral angiography: Put a radio-opaque dye into a cerebral artery to visualize the cerebral circulatory system during x-ray
Functional MRI (fMRI) 
· fMRI advantages over PET: 
· Both structural and functional info in same image
· Nothing has to be injected into the volunteer
· Spatial resolution is better (but poorer temporal resolution)
· 3D image of entire brain
Diffusion Tensor Imaging
· Variation of MRI
· Identifying pathways where water molecules rapidly diffuse
· Since tracts (bundles of axons) are the major routes of rapid water diffusion in the brain – diffusion tensor imaging provides an image of major tracts
· Verifies connections among structures
Transcranial Magnetic Stimulation (TMS)
· Temporarily shuts off a cortical area by creating a magnetic field under a coil positioned next to the skull and see how cognition and behaviour are effected
· TMS employed to circumvent the difficulty that brain-imaging studies have in determining causation 
Positron Emission Tomography (PET)
· Not an image, but rather a colored map of the amount of radioactivity. 
Recording Human Physiological Activity:
Electroencehalogram (EEG)
· Provides excellent temporal resolution but very poor spatial resolution.
· The problem is background noise often masks the recording of interest, so how do we tackle this problem?
· Signal averaging: record a person doing an activity many times and we average the recordings. The averaging cancels out the background noise and we can see the signal associated with the event much more clearly. 
· Average evoked potentials (AEPs): Each wave is characterized by its direction and latency, e.g. the P300 wave, means it is a positive wave that occurs 300 ms after the stimulus.  
· Small waves that originate far way from the brain stem are called far field potentials and they aren’t influenced by the meaning of the stimulus for the subject. 
Magnetoencephalography (MEG)
· Measures changes in magnetic fields on the surface of the scalp, but it can only record changes by neural activity that occur close to the scalp
· Changes in magnetic fields on the surface of the scalp are produced by changes underlying patterns of neural activity
Electromyography
· Muscles are filled with lots of muscle fibers that activate in an all or none manner when they are stimulated by motor neurons to contract
· Records muscle tension, by placing two electrodes on the skin over the muscle of interest
· An increase in the EMG signal shows that there are a lot of muscle fibers contracting at the same time. 
· Anxious or aroused individuals typically display high resting levels of tension in their muscles
Electrooculography
· There is a steady potential difference between the front (+) and back (-) of the eye 
· When the eye moves, a change in the electrical potential between electrodes placed around the eye can be recorded to show horizontal and vertical movements 
Skin Conductance
· Emotional thoughts and experiences are associated with increases in the ability of the skin to conduct electricity
· Two indexes of electrodermal activity:
· Skin conductance level (SCL): background level of skin conductance that is associated with a particular situation
· Skin conductance response (SCR):  transient changes in skin conductance associated with discrete experiences (e.g. sweat glands)
Cardiovascular
· Heart Rate:  electrical impulses from the heart can be measured by doing an electrocardiogram
· Blood pressure:  measure the blood pressure during periods of contraction and relaxation by the heart and then provide this in a ratio of systolic (contraction) over diastolic (relaxation) pressure. 
· Blood volume:  Changes in blood volume are associated with psychological events, e.g. the encouraging of the genitals with blood before sex.  We can measure these events either by wrapping a strain gauge around them or shining light through them and seeing how much light is absorbed. The more light absorbed, the more blood there is 
Manipulating Neuron Activity: 
Mechanical Lesioning
· Stereotaxic surgery: equipment is precisely inserted into the brain; it is done by consulting a stereotaxic atlas. Usually the stereotaxic instrument contains a head holder that holds the subject’s head in the proper position and an electrode holder, which holds the electrode in the proper position. 
Electrical Manipulation
· Invasive procedure usually restricted to non-humans and is administered through a bipolar electrode – two insulated wires would tightly together and cut at the end. 
Pharmacological Neuron Manipulation
· Drugs can be administered:
· Intragastrical
· Intraperitoneal
· Intramuscular
· Subcutaneously (SC) 
· Intravenous
· But not all of these can pass through the blood-brain barrier
· Can administer drugs that through a small hollow tube called a cannula that has been stereotaxically put into the brain.
· To create lesions, we can use neurotoxins to kill certain neurons but not others: for example 6-OHDA kills neurons that produce DA and E but nothing else.
· 2-Deoxyglucose Technique: injecting an animal with 2-deoxyglucose (similar to glucose, but doesn’t get metabolized) and placing it in a test situation in which it engages in activity of interest. Neurons absorb it, then subject is killed brain removed and sliced, subjected to autoradiography, high levels of 2-DG, looks like black spots
· Cerebal Dialysis: measure extracellular concentration of specific neurochemicals  by inserting a tube to collect chemicals that will diffuse into it during activity. 
· Don’t have to kill the animal in this case. 
Analyzing Animal Behaviors:
Anxiety
· Rodents have an innate fear of open and bright space
· Mice with higher level of anxiety-related behavior spend less time in an open area.
· Open-field test:  but it an open area and count how many poops are left by the rat as a measure of anxiety.  Rats that are very scared are thigmotaxic, so they rarely leave the walls in the area. 
· Elevated plus test: put a rat in an elevated maze. Some are sedated with anxiolytic (anxiety reducing drugs), others are not. Parts of the maze have walls, some don’t. Mice without the drugs, spend most of their time near the walls, whereas mice with the drugs do not 
· Conditioned Taste Aversion:
· Rats are neiphobic (afraid of new things); helps their survival. 
· When a rat tastes something bad, or gets sick after eating something – they learn to avoid that food later.
· Humans can also develop taste aversions. 
· In an experiment testing this, rats receive a nausea-inducing drug after they consume a food, so they learn to avoid that food. 
· This challenged the notion that associations had to be learned over time, they could be learned rapidly. 
· Temporal continuity – even if rats got ill hours later, they could still learn to avoid the food and that not all condition stimulus are the same, rats have learned to learn food-illness pairs a lot faster than other pairs. 
Social Behavior
· Conditioned-defensive burying: 
· Rats bury things they find dangerous
· Rats receive a shock or a blast of air from a pipe on the wall of the chamber 
· After learning the pipe is a threat, they proceed to bury it with the bedding found in the cage. 
Sexual Behaviour 
· Observe rats sexual behavior
· Observe lordosis: the posture a female rat takes during sex and what the lordosis quotient is (how often mounts by the male rat elicits lordosis)
Approaches to Neurological Testing:
· A set of procedures developed for the investigation of a particular behavioral phenomenon is called a behavioral paradigm 
· Neurological testing:  assists in the diagnosis of neural disorders, they can serve as a basis for counseling and caring for patients and by providing a basis for objectively evaluating the effectiveness of treatment/seriousness of side effects. 
· Single Test Approach: to detect presence of brain damage to discriminate between patients with psychological problems with structural damage and those with psychological problems resulting from functional problems in the brain.
· Standardized Test Battery: to identify brain-damaged patients, a variety of tests are used instead of a single test, like the Halstead-Reitan Neuropsychological Test Battery.  In this battery of tests, people with brain damage tend to perform poorer than people without brain damage. They discriminate well against neurological patients and healthy patients, but not between neurological patients and psychiatric patients 
· Customized Test Battery:  First start out with a set of standardized battery of tests, then based on the results follow up with a custom set of tests.  This doesn’t purely just base results on how well the patient scores, its also based on how they go about taking the test as well. Customized to each patient in order to receive the maximum amount of detail 
Tests of the Common Neuropsycholgical Test Battery
· Intelligence: NOT IQ; poor measure of brain damage and memory. Usually assessed by the WAIS test
· Memory: WAIS fails to detect memory deficits even though it includes tests of memory through the information and digit span subtests. These two forms of memory are among the least likely to be disrupted by brain damage. Memory problems are usually reported by the patient or the family of the patient 
· Language: given token tests: given different shapes sizes and colors and are told to “pick up the red square” – and the patient tries to touch it and as they do the test progresses to more difficult instructions. 
· Language Laterization: language is more dominant in either the left hemisphere or right hemisphere. Usually, it’s the left, but it can also be the right. Language laterization tests are tests designed to know which hemisphere is dominant and this is useful before doing surgery (so we don’t cut into important areas) but also to interpret other results.
· Usually a sodium amytal test is given where the anesthetized both hemispheres. The side where language is localized -  it is mute, the side where it isn’t – only mild speech problems.
· Dichotic listening tests: spoken digits are presented to subjects via headphones – three digits are presented to one ear at the same time three digits are presented to the other ear. Then they are asked to report six digits.  Subjects can listen to the ears where they are collateral to it. 
Tests of Specific Neuropsychological Function
· Memory: Many amnesic patients display severe deficits in explicit memory with no deficits in implicit memory. Repetition Priming Test, shown a list of words to study (not memorize) then told to complete a list of word fragments 
· Language: phonology is the rules governing the sounds of language; syntax is the grammar of language
· Frontal Lobe Function: The front lobes handle complex functions. Use the Wisconsin Card Sorting Test  a number of cards with different coloured shapes and different numbers of shapes and they have to arrange them and sort the cards based on a pattern that they have to figure out.  The experimenter can change this pattern arbitrarily and the person will not know. Each time the person learns a new sorting principle, the pattern changes. Patients with damage to their frontal lobes often continue to sort on the basis of one sorting principle. They have problems learning and remembering appropriate guidelines is called preservation.
Behavioural Methods of Cognitive Neuroscience
· Simple cognitive processes: constituent cognitive processes 
· Paired image substitution technique: take PET images of two things (getting rid of unnecessary active brain areas) – you take functional brain images during a lot different cognitive tasks – each one designed so that the pairs of tasks only differ from each other in terms of one cognitive process. Then, the brain activity associated with that process could be estimated by subtracting the activity in the image association, with one task from the image association with the other image association  
· But this is complicated, because humans have background activity – when we sit quietly and let our minds wander – this is level is known as the brain’s default state. Brain structures generally active in this state but not active in other cognitive tasks are known as the default mode network (medial prefrontal cortex, lateral parietal cortex, medial frontal cortex, and lateral temporal cortex).
· There are also random events like looking at a fly on the wall or seeing something or being hungry – can produce background noise. We want to increase the signal-to-noise ratio.
· Problem with averaging is that if people had specific but different patterns of cortical activity  the average image would reveal little about either. This is a problem.  
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