Why do we regulate the CV system?
· To increase blood supply to ACTIVE tissues
· Increase/decrease heat loss by redirecting blood away or to the periphery 
· Transport hormones
· Maintain blood supply to the VITAL tissues
· Maintain MAP 
MAP = CO x TPR and CO = SV X HR
TPR = 1/R^4 (as radius increases the resistance decreases significantly because of the power of 4)
Blood flow = pressure change x Rad^4
[bookmark: _GoBack]Blood flow is dependent on blood pressure and that pressure gradient that is formed in the body is driving FORCE the blood flow, resistance is inversely proportional to blood flow 
Vasoconstrictor – increase MAP and decrease blood flow because they are decreasing the radius
Remember: when a vessel constricts – you will have an increase in BP upstream and a decrease in BP downstream
Vasodilator agents: increasing radius therefore you are increasing blood flow (blood flow is proportional to radius – and through constriction you are also decreasing MAP because by increasing the radius you are decreasing the resistance that MAP = TPR x CO 
How do you alter the TPR? By modifying the radius 
Humoral theory
Vasoconstrictor agents – cause a decrease in blood flow and an increase in MAP (VAEE)
Pre ganglion fibers innervate the adrenal medulla and the they release Ach (because all pre ganglions are cholinergic) but that causes the adrenal medulla to release Epinephrine which will cause a vasoconstriction when bound to Alpha 1 adrenergic receptors (AC BD)
Angiotensin II: its production is stimulated by a drop in BP and Na+ levels 
It is formed in the blood and it causes a strong vasoconstriction and increase in MAP 
If you block the enzyme ACE which is creating it, then you will decrease BP 
Vasopressin (ADH) – this will cause water reabsorption at the kidney and retain water
High concentrations will cause vasoconstriction and thereby cause increase MAP
Endothelins: found in the endothelial cells and can be released when the blood vessels are crushed to reduce blood loss!! The vasoconstriction reduces blood flow which reduces the blood lost 
Vasodilator substances
Epinephrine – is also MILD vasodilator in the skeletal muscle, cardiac and liver when it binds to B2 receptors (remember B1 receptors will control HR – and in this case will increase it if epi binds)
Why would you want a vasodilator at the cardiac, liver and skeletal muscle when the sympathetic nervous system is activated? You are reducing resistance by increasing the radius of the vessel thru the vasodilation and this will increase to the active tissues and the heart (as well as the liver for the mobilization of energy from the glycogen to glucose) for a fight or flight response
Brandykinin and histamine: these are released by damaged tissue and just in the body and cause a vasodilator effect 
Nitrogen Oxide: released by the endothelial cells and causes the smooth muscles to relax and therefore has a vasodilator effect
Atrial naturietic factor: released by the atrial muscle when they are stretched to cause a vasodilation
Prostaglandins: relaxation of smooth muscle! (similar to NO) produced by the endothelial cells 
**Epinephrine can cause vasoconstriction (alpha 1) or vasodilation (beta 2) depending on which receptor it binds to
Neural control of the MAP – via the formula (MAP = CO x TPR)
If you increase the flow, you will have an increase in CO and an increase in MAP
If you decrease the flow, then you will have a decrease in CO and in decrease MAP
So the MAP ~ CO 
Radius will increase – dilate which will lead to a decrease in resistance and therefore a decrease in MAP! Just think about increasing the space the blood has to flow so that decreases pressure
Radius will decrease – causing vasoconstriction and that increases the resistance therefore there will be an increase in MAP
Therefore, the MAP is proportional to resistance, but inversely proportional to Radius
Okay so to be clear, RADIUS and PRESSURE are INVERSELY PROPORTIONAL 
ANS also controls the vessel system – constriction and dilation 
Cholinergic (parasympathetic mostly) – is going to decrease MAP
Adrenergic (sympathetic) – is going to increase MAP
Little review of the ANS 
Pre ganglion of both the sympathetic and parasympathetic nervous systems release Ach (cholinergic) whereas, the post ganglion of the sympathetic releases mostly norepinephrine (adrenal medulla that is innervated by the pre ganglion of the SNS releases mostly epinephrine and there is a post ganglion exception that releases Ach for sweat glands and piloerection muscles) VS. the parasympathetic nervous system which releases Ach (binding to the muscarinic receptors) at both the pre and post ganglion!! 
Cholinergic control – how are we getting a decrease in MAP?
post ganglion is going to release Ach
Ach is going to bind to muscarinic receptors in the heart
Decrease HR and force of contraction 
Decrease SV, HR, CO
Therefore, due to the equation, you decrease MAP as well
Exception: sympathetic fibers cholinergic – vasodilator 
Ach is released from the post ganglion of the sympathetic NS
Ach causes vasodilation of the arterioles
Increase in radius (decrease in resistance)
Decrease in MAP
Sympathetic – adrenergic system
Release of norepinephrine from the post ganglion
Binds to beta 1 fibers in the heart
Increases HR, increases force of contraction
Increases SV, HR, CO
Therefore, increases MAP
Adrenal medulla – sympathetic system
Ach is released from the pre ganglion of the sympathetic fibers that innervate the medulla
Ach causes the release of epinephrine (80%) and norepinephrine (20%)
That binds to the B1 receptors in the heart
Increases HR and force of contraction 
Increases SV, HR, CO

Sympathetic – norepinephrine in the peripheral blood vessels 
Vasoconstrictor fibers release Nor 
Binds to the alpha 1 receptor (does not bind to B2)
Vasoconstriction of the blood vessels
Decrease in radius, increase resistance 
Increase in MAP
NOTE: SNS will vasodilate (cholinergic) and vasoconstrict (adrenergic) and also the humoral method will have epinephrine constricting and dilating the vessels (AC BD)
How is this controlled?
(a) Baroreceptors 
(b) Cardiovascular center in the brainstem
Structure of the vessels (veins and arteries)
Tunica externa (fibrous tissue), tunica media (smooth muscle & and elastic tissue and are important in determining the function of the vessel), tunica interna (endothelial tissue)
Both the fibrous and smooth muscle tissue can vary whereas the endothelial tissue is literally just one cell layer (super thin)
Smooth muscle – has more control over the constriction/dilation
Endothelial layer – basically all that the capillaries are made up (super thin for exchange)
Veins have valves due to the super low pressure – ensure unidirectional flow
Trends in the vessel wall makeup
Arteriole has the highest wall to diameter ratio and is made up of mostly smooth muscle which is under autonomic control (constrict or dilate) compared with the aorta which has a big diameter but also has a lot of elastic tissue to dampen the effect of the high pressure blood flowing straight from the left ventricle 
The amount of elastic tissue is going to be related to the compliance of the vessel, the aorta is very compliant to dampen the hearts pulsatile effects whereas the arteriole is not very compliant
The lack of compliance of the arteriole is reflected in its high amount of smooth muscle – where it can regulate blood flow thru changes in its radius thereby changing its resistance. This is why the ARTERIOLES are called the RESISTANCE VESSELS. The big increase in resistance causes a big drop in pressure (constriction decrease BP downstream). 
Capillaries are really thin (made of 1 layer of endothelial), but have a high cross sectional area and low velocity which is ideal for exchange!
Veins
· Very low pressure 
· Have valves
· Have quite a bit of smooth muscle content which can modified to increase venous return, increase EDV, increase SV. How does this work? ANS innervation
· Capacitate vessels – carry 70% of the blood at any given time
Don’t forget – MAP = CO x TPR, MAP = Diastolic + 1/3(Pulse pressure)
Neurophysiology 
Cerebellum: coordinates movement (little brain)- there are 5 cell types in the cerebellar cortex
The mosi fiber (axon) travels up the cortex from the pons and there will be 2 inputs to the deep nuclei the first is going to be excitatory, and then there will an inhibitory connection between the purkinje fiber and the deep nuclei (always inhibitory)
BUT that mosi fiber we were just talking about is going to continue on to the granule cell with an EXCITATORY connection and then the granule cell is going to send parallel fibers [excitatory connection] (this is going on in the cerebellar cortex and this is the modifiable synapse) to the purkinje cell! 
MODIFIABLE SYNAPSE between the granule cell (+) and the purkinje fiber (which is the only neuron that projects from the cerebellar cortex to the deep nuclei). This connection from the purkinje is INHIBITORY!!! 
The modifiable synapse is involved in motor learning via the climbing fiber that is controlled by the inferior olive 
LESION IN CEREBELLUM: there is NO SENSORY perception or signals back to the brainstem so there wont be feedback from the moving muscle RESULT: there will be movements but they wont be coordinated 
Split up into medial (postural muscles & and ocular muscles) and lateral (limbs) arrangement of the cerebellum 
PURKINJE is the ONLY OUTPUT from the cerebellar cortex!
MEDIAL SIDE – ocular and proximal (postural muscles) – controlled by the auditory, visual and vestibular system
PURKINJE sends the INHIBITORY SYNAPSE via GABA from the cerebellar cortex which is going to inhibit the fastigial nuclei [inhibitor] which normally inhibits the 2 following pathways: 
[inhibit the inhibitor = excitation!]
DIVIDED INTO MEDIAL AND LATERAL VESTIBULAR NUCLEI (the medial side)
MEDIAL vestibular nuclei-> reticular formation -> ocular movements 
LATERAL vestibular nuclei -> postural muscles 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
LATERAL SIDE OF THE CEREBELLUM (controlling the limb movements)
The Dentate nuclei receives the inhibitory stimuli from the perkinje cell via the GABA neurotransmitter and then that will pass onto THALAMUS -> MOTOR CORTEX OR FRONTAL CORTEX -> CAUSING COORDINATING MOVEMENTS IN THE LIMBS (go to the limb motor neurons)
MAJOR KEYS
· Diverse input and not associated with consciousness 
· Medial and lateral subdivisions
· Always inhibitory synapses from the perkinje fibers
· Primates have more developed lateral sides of the cerebellum and therefore more coordinated limb movements 
Medial lesions
· Drunk walking – gait ataxia and can’t balance 
· Disorder saccades or inability to do smooth pursuit 
Lateral lesions
· Arm ataxia 
· Intention tremors
· Dissymmetric limb movements 
Key is that there are movements are uncoordinated 
So the cerebellum is not voluntary – subconscious computer that TUNES UP:
· Reflexes e.g. the ocular reflex which is like when you put on a new pair of glasses, and the postural reflex is when you are learning to skate 
· Motor programs – there are saccades and arm movements 
· Cognition – recent 
Cerebellum helps make ACCURATE MOVEMENTS by stopping and starting movements of the arm (motor cortex activation via thalamus and dentate nuclei) and the saccades are controlled via the medial side of the cerebellum 
FEEDFORWARD MECHANISM – this is going to allow you to catch a ball that is dropped from a high distance because of your visual cortex!! Allows you to get the muscles tensed up and get ready to catch the ball (not possible when the eyes are closed)
When the ball hits the hand then there will be a signal sent from the stretch reflex to the limb motoneurons then back to the hand muscles to catch the ball 
The stretch reflexes are being sent to the limb motor neurons from the hand muscles and travel back to the hand muscles!! 
Feedback goes to the motor cortex and feedforward calculations of the height, size and speed of ball are calculated in the cerebellum -> thalamus -> motor cortex -> limb motor neurons-> muscles (because you have to take into account the stretch reflex and the electromechanical coupling time)

MOTOR LEARNING via the modifiable synapse @ the parallel fibers between the granule cells and the perkinje fibers 
Modifiable synapse – between the parallel fibers and the perkinje cell
What does the synapse? A climbing fiber from the inferior olive does the modifying 
Normal cerebellum: people will throw differently when wearing glasses that shift their world (prisms) and then will have to overpower the modified synapse by throwing more without the glasses! Therefore, this shows that there is motor learning (loop hole: throw a different way and you’ll hit the target even after you modified the synapse with the prisms)
Inferior olive (climbing fiber) receives: 
· Efferent copy of movement after the movement has taken place (instructions)
· Peripheral feedback from the stretch receptors in the muscles (errors)
· Visual signals *did I hit the target? (video)
Don’t forget about the dentate projecting to the frontal cortex – this will cause cognition changes
· Time estimation 
· Spatial reasoning 
· Noun and verb issues… (linguistic processing)
Basal Ganglia – parallel pathway to the cerebellum
There are 3 parts of the cerebral cortex that affect the motor cortex and they are:
· Parietal cortex
· Premotor cortex
· Supplementary motor area – this is receiving information from the basal ganglia
ALL interconnect with the motor cortex
Thalamus is a nucleus in the brain -> sends signals to the cerebral cortex
Basal ganglia are also a nucleus that includes – the striatum (caudate putamen)
External and internal Globus palidus 
Subthalmic nucleus and the substantia nigra (releases dopamine) 
The regions of the CEREBRAL CORTEX send excitatory glutamate to the BASAL GANGLIA specifically @ the CAUDATE/PUTAMEN (striatum)
SUBSTANTIA NIGRA sends out dopamine to the CAUDATE/PUTAMEN
Summary: there are 2 inputs to the Caudate/putamen from the substantia nigra via dopamine (D1 receptor is excitatory and the D2 is inhibitory) and the cerebral cortex -> therefore you can’t determine the effect of dopamine 
2 major outputs from the caudate putamen are: 
· External globus palidus-> subthalamic nucleus -> internal globus palidus (indirect pathway)
· Internal globus palidus (direct pathway)
· Both of these end up with inhibitory connections with the thalamus 
Four cerebral cortex inputs from:
Motor: limb & face movements -> parkinsons, huntingtons corea
Limbic: emotional control -> depression
Ocular: eye movements -> fewer and lower saccades
Cognitive: lower working memory, attention, planning -> dementia, OCD
Major neurotransmitters for this pathway: dopamine, Ach, glutamate and GABA
BASAL GANGLIA AND CAR BREAKS ANALOGY
· for movements you don’t want to make then you are going to keep the breaks because the basal ganglia are inhibitory for the most part (prevents unwanted movements continually)
· so the inhibitor is the internal globus palidus and it can be inhibited by the caudate/putamen (GABA) and the subthalamic nucleus (GABA or glutamate) – inhibit the inhibitor!
· when you want to make a movement you take off the breaks aka take off the inhibition to allow the movement to occur (releases the inhibition when it wants to do something)
Parkinsons Disease (is not dope, because they lacking dope): degeneration of the neurons in the substantia nigra pars compacta 
Causes: 
· low levels of dopamine 
· high levels of Ach 
· there is an imbalance of these 2 neurotransmitters and you can change their concentrations as a possible cure 

Symptoms (Major)
· akinesia – poverty of movement
· resting tremors 
· rigidity 
What causes akinesia? An increased firing of the internal globus palidus which is inhibitory on the thalamus therefore the thalamic nuclei will be increasingly hyperpolarized and will inhibit the motor cortex from reaching threshold – thereby causing a lack of movement
Treatments 
· can make lesions in the internal globus palidus (helps with the rigidity and resting tremors but makes the akinesia worse)
· change the chemical imbalances by adding stem cells that produce dopamine
· electrical stimulation in the internal globus palidus and it drives the movement of high frequency neurons causing improvements in akinesia, tremors and rigidity
· too much dopamine causes dance like movements 
Huntingtons Chorea (caudate/putamen)
· caused by a huntington gene
· degeneration of the caudate/putamen (inhibits)
· abnormal protein folding
· decrease in activity of the internal globus palidus and that will inhibit the thalamus less which leads to more dance like movements – uncontrollable 
· this is the opposite of the akinesia 
MPTP – synthetic pesticide 
· a model for the parkinsons because they had the same symptoms – rigidity, tremor, akinesia
· hysterical paralysis
Sleep & EEG & Evoked potentials - BRAINSTEM
Content – memory, perception, attention which is controlled CEREBRAL CORTEX
Level: coma, awake, unconscious, sleep which is controlled BRAINSTEM (rostral pons/caudal midbrain) and is associated with the ASCENDING RETICULAR ACTIVATING SYSTEM
ASCENDING RETICULAR ACTIVATING SYSTEM (rostral pons/caudal midbrain)
Reticular formation (if you electrically stimulate the animal will wake up) is in the brainstem and you are sending a signal from the brainstem to the cerebral cortex essentially
Ascending system: goes from the reticular formation-> thalamus -> cerebral cortex (wake up)
Descending effects: reticular formation sends inhibitory Aps down to the alpha motor neurons to keep the postural muscles from moving during REM sleep
Brainstem consists of:
· medulla (closest to spinal cord)
· pons
· midbrain
Lesion at the brainstem = decerebrate animal that is unconscious 
5 sets of axons that are part of the ascending system (rostral pons/caudal midbrain)
· noradrenergic (locus cereulus provides wide spread connections thru the pathway of spinal cord-> medulla-> pons-> midbrain)
· changes the resting membrane potential of the brainstem (caudal pons & rostral midbrain)
· therefore, if you wanted to wake up then you would depolarize the membrane
· neuromodulator of the resting membrane potential
· cholinergic – Alzheimer’s 
· dopaminergic – addiction and reward based learning
· histaminergic – anti-histamines
· serotonergic – sudden infant death syndrome
Coma – how to get one?
Bilateral lesion of the brainstem (rostral) -decerebration
Bilateral lesion of the cerebral cortex- anoxia, severe blow to the brain, hematoma 
Locked in syndrome – caudal pons 
· caudal pons is damaged
· ascending connections are still present so they are conscious but can’t make any movements 
· thanks to the 3rd cranial nerve they can still make eye movements
· but the neurons from the upper part of the motor cortex cannot go through so they end up being paralyzed
Persistent vegetative state – forebrain cortex damage
· forebrain cortex damage due to lack of oxygen
· sleep awake cycle 
· no signs of consciousness 
· maybe can make some eye movements and swallow 
· experiment: get people to think about moving their arm and that caused the motor cortex area to light up because they couldn’t move it but were thinking about it 
· hippocampus would light up because they were thinking about walking in their home
· this would only happen to 15% of patients though, not all people showed signs of consciousness 


Evoked potential 
· when you stimulate afferent nerves in the leg then you are going to record an evoked potential from the leg area of the somatosensory cortex
· the afferent action potential is NOT recorded
· the afferent action potential opens up vesicles of sodium which leads to small depolarizations (in the deep cortical area) that are recorded by a measuring device on the skull
· however, some of the currents will leak out of the skull and be measured as an evoked potential 
Again- major key with PRIMARY EVOKED POTENTIALS (currents of the PSPs)
· NOT associated with AP currents
· Measuring a CHANGE IN VOLTAGE that can be averaged 
· Basically the summation of extracellular currents associated with POST SYNAPTIC POTENTIALS!!!
EEG – electroencephalogram of brain waves during different levels of consciousness 
SAME IDEA AS THE EVOKED POTENTIAL BUT the DRIVE is coming from BRAINSTEM
· Extracellular currents associated with PSPs 
· Change in voltage is measured over A POPULATION OF NEURONS
· In the brain wave examples below it demonstrates the resting membrane potential so essentially encompasses both the primary and secondary evoked potentials 
ALPHA – meditative (10Hz)
· High amplitude
· Low frequency
· Synchronized – depolarizing and hyperpolarizing in a rhythmic fashion
Beta waves – awake state (eyes open)
· High frequency
· Low amplitude 
· Desynchronized

DELTA waves- slow deep sleep (1-2Hz)
· REM – sometimes in this stage there is actually an increase in neural activity and it can look more like the meditative state (higher amplitudes and lower frequency)
· Can have large fluctuations of BP and HR – can lead to death at old age
· Disorder? Associated with the brainstem arousal system, where you aren’t properly inhibiting the postural muscles due to descending inhibition Result: absence of muscle atonia
Why we sleep anyway or whatever?
· Memory consolidation
· Restorative neuron properties
Hypothalamus and Limbic system
Hypothalamus is involved in allowing the pituitary gland to send out hormones (endocrine) and is part of the LIMBIC SYSTEM
Limbic system – emotional system, it is on the border of the brainstem and it includes: hippocampus, amygdala and cingulate cortex
THESE BOTH WORK TOGETHER – LIMBIC SYSTEM USES THE HYPOTHALAMUS TO REGULATE EMOTIONAL AND MOTIVATIONAL STATES
Example: its cold out and then your hypothalamus detects the cold and that will result in you putting on a coat as a preventative measure (this is motivational)
Limbic system is involved in other motivational states:
· Hunger
· Thirst 
· Temperature 
· Pain (avoidance)
· Attack/defense
Side note: pain is limbic which means that even if you remove the somatosensory cortex you will basically just be removing the system that controls the location and intensity of pain. However, if there was an issue with the limbic system (stroke of sorts) then you would feel pain but do nothing about it (you wouldn’t try to prevent it and it wouldn’t bother you OR it would actually constantly bother you depending on how you react to the limbic damage)
Hypothalamus inputs:
· Retina for the circadian rhythms 
· Sensory input that goes thru the thalamus 
· Receptors in hypothalamus that measure the levels of glucose, Na+, leptin and osmolality in the circulating blood
· Leptin is important because it sends information about the amounts of fat stores in the body and if that level is high then hypothalamus will decrease the motivation to eat
Outputs of the hypothalamus
· Medulla then spinal cord 
· Posterior pituitary:  ADH and oxytocin 
· Anterior pituitary: GTH, FSH, growth hormone, LH and there are releasing and release inhibiting hormones sent from the hypothalamus to the anterior pituitary via the hypophysial portal veins
Main functions of the hypothalamus
· Homeostasis
· Motivational behaviours
How does it work? 
· Receives sensory information from various inputs and compares it with set points and determines if there needs to be something changed
· Has control over autonomic, endocrine and behavioural functions
Regulation of body temp – don’t forget that the sympathetic nervous system is responsible for cutaneous constriction
Transection: lesion in different areas of the brain
Lesion between midbrain and the hypothalamus – decerebration 
· No spontaneous movement 
· Vegetative state
· No consciousness 
Removal of the cerebral hemispheres keeping the brainstem and the hypothalamus intact
· ALL HYPOTHALAMIC FUNCTIONS CAN OCCUR
· Homeostasis, defense, motivation for hunger and thirst 
· Therefore, can still perform instinctual behaviours 
Things to remember about the hypothalamus: 
· Neurons of all different kinds are spread about around the hypothalamus, limbic cortex, medulla and spinal cord
· So there will be problems with stimulations and lesions because all the neurons aren’t grouped in one specific place!! They are spread out all over! Therefore, you might want to stimulate the eating area and accidently stimulate the rage 


