Anatomy review notes
Homeostasis
Homeostasis – the ability of the body to maintain its internal environment within certain limits
· Unchanging outer environment, body must also change in a dynamic state to:
· Make sure vital nutrients in blood stream
· Heart activity is monitored/blood pressure maintained
· Wastes do not accumulate
· Body temperature
Nervous and Endocrine system make up Homeostatic control
Three parts to control:
· Receptor: somewhere in body that measures stimuli directly and sends it to the..
· Control centre that has a set point that determines the limits that that condition should regularly fall between. The stimuli comes in to control centre along afferent pathway
· Effector: info from control centre along efferent path to effector which controls response to control centre’s analysis of the stimulus. Results of the response feedback to the control causing either  of the two..
1) Negative feedback
· Shuts off original effect of stimulus once the effector has been told to fix the homeostatic imbalance
· Body temperature, when body is too cold, Hypothalamus in brain tells multiple Effectors (skin, heart, muscles, vessels)  to change to warm the body. Once the body is back to regular limit, the negative feedback will shut off system.
· Blood glucose
· Too much glucose in blood
· Pancreas (control centre) causes release of insulin
· Insulin makes cells in liver absorb more glucose and store it as glycogen (in liver and skeletal)
· When glucose levels resume, negative fb stops production of insulin
2) Positive feedback
· Cascades – causes waterfall effect bc conditions are rare when this occurs
· Birth  - oxytocin causes contractions to increase and become more powerful
· Blood clotting – once tear in vessel, platelets attach and release chemicals to attract more platelets

Homeostatic imbalance
· Aging – control systems for internal environment become less efficient, we are more susceptible to disease
· Negative fb is overwhelmed and positive feedback takes over – becomes destructive – CANCER
Autonomic Nervous system
Comparison of somatic vs autonomic
Both have motor fibres, however there are differences
Effectors
· Somatic – skeletal muscles for conscious control
· Autonomic – heart muscles and smooth muscles in organs, glands
Efferent pathways and Ganglia
· Somatic – 
· neurons in CNS
· extend in spinal chord
· thick and myelinated motor fibres for rapid transmission
· group A fibres
· NO ganglia
· Autonomic - Two neuron part
· Pre ganglionic neuron – in CNS
· Pre ganglionic axon (thin, lightly myelinated) – sends message from pre G neuron to 
· Post ganglionic neuron – second motor neuron outside the CNS
· Post ganglionic axon (thicker, no myelin) – extends to effector organ (ie a gland)
· Because there is little to no myelination, the auto is much slower than somatic (think of sleep, we release melatonin but it takes a while to make us feel very sleepy)
Neurotransmitters
· Somatic – Ach to stimulate excitement in the muscle to contract
· Autonomic – hormones
· norepinephrine – secreted by sympathetic fibre
· Ach – secreted by parasympathetic
· Depending on the effector, NTs may be excitatory or inhibitory


Similarities
· When skeletal muscles are working, they require oxygen, so autonomic increases heart rate and respiration
ANS divisions
· Dual innervation – one stimulates body and the other inhibits that action. These divions are:
1) Parasympathetic
· “rest and digest”
· Housekeeping activities like digestion
· Person sitting on toilet after eating while reading a magazine
· Digestion is occurring so relaxation means that sympathetic isn’t interfering with parasymp (blood pressure low, low heart rate)
· Eliminating feces and waste
· Close reading of magazine means pupils constrict to aid with clarity
2) Sympathetic division
· Fight or flight, causes excitement
· Increased heart rate, breathing rate, dry mouth, cold wet skin, dilated pupils
· During sympathetic:
· Constricts visceral blood vessels to route blood to heavy working muscles
· Dilates bronchioles to increase ventilation (increase uptake of oxygen)
· Liver releases more glucose to blood to give more energy to muscles
· Sympa also lowers effects of parasympa bc of the extreme conditions
· Digestion doesn’t occur when you run away from mugger
· Sympa allows homeostatic mechanisms to cope with imbalances at this point (feeling pain for eg – however para does NOT control adrenal gland)
· Allows us to condition ourselves  during excited time – think more clearly, see distant objects, run when appropriate
Para is D system (digestion, defecation, diuresis), Sympa is E (excitement, embarrassment, emergency, exercise)
Interactions of autonomic division
· Visceral organs receive dual innervation from para and sympa
· Dynamic antagonism – action potentials firing down to both para and sympa making them both partially active
· Given circumstance, one usually predominates over other
· HOWEVER, sometimes they work together:
Antagonistic interactions
· Sympa causes excitement (increase heart + breathing rate, dilation of pupils etc) 
· Para causes to decrease when done to save energy (refuel cells and pass wastes)
Para and Sympa tone
Sympethetic
· Sympa controls the blood vessels ALWAYS
· Tone is the slight constriction the blood vessels have at all times
· Vasomotor fibres – cause vessels to dilate or constrict
· When blood pressure too low (ie the vessel is much bigger than how much blood is in there) the sympa fibres (vasomotors) fire rapidly to constrict vessels
· When b pressure too high, vasomotors fire less rapidly to dilate vessel and decrease pressure
· Alpha blockers block responses of vasomotors – treats hypertension (high blood pressure)
· Circulatory shock- not enough blood to skeletal muscles when working
· Blood vessels in skin and abdomen constrict and “shunt” (re-route)  blood to the skeletal muscles
Parasympathetic
· Heart and smooth muscle (in stomach and urinary)
· Slows the heart and dictates stomach levels
· This tone can be overridden my sympathetic
· In times of stress
· Digestion stops
· Urinary and fecal retention
· Para DOES NOT control the adrenal or sweat glands
Cooperative effects
· In penis and vagina
· Parasymp controls blood flow to the genitals (causing erection of penis and clitoris)
· Symp controls the orgasm part – ejaculation or reflex contractions of vagina
· Anxiety and sexual performance – anxiety means sympa is in control, but to get an erection parasymp needs to function



Autonomic neuropathy
· Damage to autonomic nerves
· Diabetes
· Men no erections, women no lubrication
· Dizziness from standing suddenly (poor blood pressure control)
· Urinary incontinence
· Sluggish pupil reactions
· Impaired sweating
Role of sympathetic division
Thermoregulatory
· Sympathetic fibres
· When temperature raises
· Blood vessels dilate, causing blood to be brought to surface of skin to be released
· Sweat glands stimulated to cool skin down
· When temp decreases
· Skin blood vessels constrict to keep core warmer and reduce heat loss
· Skeletal muscles contract to generate heat
· Skin stays dry
Release of Renin from Kidneys
· When blood pressure too low, renin (enzyme) released to make blood pressure increasing hormones
Metabolic effects
· Adrenal medullary hormones
· Increase metabolic rate of cells
· increase blood glucose levels
· metabolizes fats for fuels
· Medullary hormones also cause skeletal muscles to contract faster and quicker
· Advantageous to nervous life threatening person who has to react quickly (run away)
· Non advantageous to nervous musician who may be jumpy when playing
· “hair trigger” responses
Localized versus diffuse effects
· Parasympathetic
· Ach
· One pre ganglionic transmits to another post ganglionic (or at most a few)
· This creates localized effect on effectors
· Events are short-lived however bc acetyl cholinesterase breaks down Ach
· Sympathetic
· Norepinephrine
· Pre ganglionic branch A LOT as they reach trunk
· This creates diffuse control (eg when breathing rate increases, heart rate also does)
· Sym (together) pathos (feeling)
· Bodywide mobilization
· Longer lasting effect
· NE takes longer to degrade than ACh (in para) bc it must be reuptaken by preganglionic before destroyed
· NE and epinephrine released to blood  - this prolongs effect of sympa stimulus
· Epinephrine – good for increasing heart rate and blood glucose levels
· All effects of these hormones continue until liver destroys cells
Control of autonomic function
· Hypothalamus is “boss” of ANS
· CNS may alter some workings of the autonomic, plays a small role
· CNS can control through the limbic system
Brain stem and spinal cord controls
· Direct effect on ANS
· Brain stem
· Hypothalamus “boss” controls everything
· Ventrolateral medulla control heart rate and blood vessel dilation
· Also GI and respiratory centres
· Impulses that control the reaction of these centres travel to brainstem via vagus nerve afferents
· Midbrain centres – pupil diameter and lens focus
· Spinal cord
· Defecation and urination
· Conscious inhibition – we can control if we want to poop or hold it in
Hypothalamic control
· Anterior (front) controls parasympa
· Posterior (back) controls sympa
· Sends messages to body via reticular formation – affects preganglionic neurons
· Controls bpressure, blood glucose, body temp, water balance, endocrine
· Fight or flight
· Mediates control in amygdala and grey matter
· Emotional responses in limbic trigger sympa to activate flight or fight
· Emotions influence the ANS
Cortical controls
· Studies showing that we can control our ANS
· Thinking of food makes mouth water (parasymp)
· Being frightened makes us on edge (sympa)
· Both of these stimuli converge at hypothalamus through limbic node
Biofeedback
· We can be aware of the “involuntary” controls we have and harness them
· People set up to monitors and think of pleasant thoughts (parasymp)
· They then can see how their body is reacting in the monitor so that in future they know what to think of to get a desired outcome in their body
· People can control stress that will help heart functions
· People can control migraines
Endocrine System
· Through hormones – chemical messengers sent to blood system to regulate metabolic activity in other cells
· Occurs over a longer period of time (binding of receptors causes marginal change after time)
· Creates widespread effect on the body:
· Reproduction
· Growth and development
· Maintenance of blood (nutrients, electrolytes, water)
· Cellular metabolism
· Mobilisation of body defenses
· Endocrinology – study of hormones and the endocrine organs
· Endocrine organs are all over body.
· Exocrine glands – produce non hormones like saliva and sweat
· Endocrine
· Ductless
· Release hormones to surrounding tissue
· Well vascularized for hormones to go in to directly
· Branched and cords to maximize surface with capillaries
· Endocrine glands (more)
· Hypothalamus is neuroendocrine bc It also has neural functions in the brain
· Gonads have other functions too
· Organs contain scattered endocrine cells
· Adipose cells – release leptin
· Thymus – thymic hormones
· All found in stomach, heart, kidney
Autocrines – unlike hormones that travel long distances in the blood, autocrines exert their effect on the cells that secreted them (prostaglandins – released by smooth muscles – causes smooth m to contract)
Paracrines –hormones affecting neighbouring (within same organ/tissue) cells. Eg somatostatin released by pancreas stops production of insulin in other part of pancreas
Chemistry of hormones
Amino acid based
· Most hormones
· Simple amino derivatives (thyroxine)
· Peptides(short chains of amino acids)
· Proteins (longer polymers of amino acids)
Steroids
· Made from cholesterol
· Gonadal and andrenocortical
Possible third group: eicosanoids
· Autocrines and paracrines
· Localized affect
· Leukotrienes – inflammation and allergic rxns
· Prostaglandins – raise b pressure, increasing uterine contractions for birth (enhance blood clotting), pain, inflammation
Mechanisms of hormone action
· Target cells – cells that receive hormone for desired effect
· Other cells that receive the hormone may have alternate effects
· Effects include:
· Changing memb permeability
· Synthesis of enzymes
· Activating/deactivating enzymes
· Induces secretory activity
· Stimulates mitosis
· Hormones act on receptors in two ways (communication depends on hormone make-up and location of receptor on cell):
· Water soluble hormones – all amino acid hormones (except thyroid) that act in the cell membrane. May trigger G proteins to stimulate response across cell
· Lipid soluble hormones  (steroid and thyroid) – acts inside the cell which directly activates genes
Plasma membrane receptors and second – messenger systems
· Second messengers activate when hormone binds to receptor
· Cyclic AMP (cAMP) – used by NT and olfactory receptors
· Stages:
· Hormone binds to receptor
· Binding causes G protein to activate by attaching on to it a GTP (guanasine triphosphate). G protein is usually off when GDP is attached
· G protein moves along edge of memb to adenylate cyclase where it hydrolyzes the GTP to GDP to either inhibit or activate the adenylate cyclase
· While the G protein is attached to adenylate cyclase – it uses ATP to make second messenger cAMP
· cAMP diffuses throughout cell and activates protein kinases to phosphorylate proteins to inhibit them or activate them. Widespread effect
· cascading effect – protein kinases themselves activate hundreds of proteins to make product molecules
· all depends on target cell
· thyroid stimulating hormone binds to thyroid cell to produce thyroxine
· glucagon hormone binds to liver cells to break down glycogen to glucose
· some g proteins may inhibit adenylate cyclase to stop production of cAMP (cAMP is broken down by phosphodiesterase – good thing bc hormones only need to be present for a brief period to carry out effect
The PIP2  - calcium signalling mechanism
· Another secondary messenger
· Involves all same things (G protein, effector – phospholipase C)
· Phospholipase C splits a plasma membrane phospholipid to
· Diacylglycerol (DAG) – activates protein kinase
· Inositol triphosphate (IP3) – releases Ca ions (secondary messengers) that alter activity of enzymes or binding to calmodulin to activate enzymes to enhance cell acitivty
Other signalling mechanisms
· cGMP is another secondary messenger
· insulin receptor  - (tyrosine kinase) autophosphorylation that adds its own phosphor groups when insulin binds, it then create docking bay for relay proteins that intiate protein phosphorylations

intracellular receptors and direct gene activation
· steroids and thyroid hormone are lipid soluble
· they reach receptors inside the cell by diffusing through memb
· they bind to regions on DNA (thyroid receptor hormones are ALWAYS bound to DNA, even when no hormone)
· this simulates mRNA to produce, which is then translated to make proteins that do metabolic activities induced by that hormone, and other proteins for transport outside the cell
Target cell specificity
· receptors are all over
· adrenalcorticotropic hormone only found in adrenal cortex, thryoxine receptors found all throughout body
· Hormones are triggers to cell to activate “pre-programmed function”. Triggering of the cell depends on:
· Blood levels of hormone
· Number of receptors
· Affitnity of the binding between hormone and receptor
· With hormone in the blood, high affinity receptors produce large effect, and low affinity receptors reduces target cell response
· Up-regulation – when hormone levels are constantly low so the receptors increase in number to increase sensitivity
· Down-regulation – when hormone levels are constantly high so receptor numbers decrease to make response less sensitive
· Some hormones may affect OTHER receptors
· Progesterone levels cause estrogen receptors to down-regulate, which affects estrogen in turn
· Estrogen levels also cause progesterone receptors to increase, making response to progesterone more sensitive
Control of hormone release
Endocrine gland stimuli
· Humoral stimuli
· Stimuli that result when there is a change in nutrients or ions in the blood
· Parathyroid gland monitors Ca ion in blood
· If Ca is low, parathyroid (PTH) released
· Insulin released by pancreas and aldosterone by adrenal cortex are other eexamples
· Neural stimuli
· Nerve fibres release hormones
· Under stress, adrenal medulla to release NE and epinephrine 
· Hormonal stimuli
· Certain endocrine glands releasing hormones in response to other glands releasing particular hormones
· Hypothalamus may release hormones that cause anterior pituitary to release Hormones, which may cause other glands to activate too
· When hormone levels of final gland are too high, they neg feedback to inhibit production of anterior pituitary, which then causes their own hormone to stop producing
· This chain connection is at the centre of endocrinology
Nervous system modulation
· Without nervous system moderating the endocrine system, endocrine would be mechanical. It would not Adjust
· Nervous system means that homeostatic controls can adapt
· When we go to colder areas, the NS adjusts our homeostatic limits so that we feel at normal temperature in a colder condition (regular body temp decreases from 26 to 22 0 but we don’t realize)
· blood glucose - we have a narrow limit for how much glucose our system needs. When exercising, we need more glucose so homestatic balance changes to make sure we get more glucose than regular
Half life, onset, duration of hormone activity
· steroids and thyroid hormones (lipid soluble) travel through blood attached to carrier prot (have the shortest life span)
· many others free flow through the blood
· concentration of hormone reflects the:
· rate of release of hormone
· rate at which it is inactivated and broken down
· many hormones released through urine and feces
· half life – the duration that a hormone takes to reach half of its life span
· how long do hormones take to have effect – steroids take longer
· some sent in inactive forms and then activated when hit receptor
Interaction of hormones at target cells
· sometimes many hormones may act to create an effect
· three types of hormone intereaction
1) Permissiveness
· some hormones need the effect of other hormones to bring out their own effects
· for reproductive hormones, they need the thyroid hormone in order to activate and develop reproductive parts (thyroid has the permissive effect)
2) Synergism
· two hormones create an effect and the effect is amplified with the combination
· both epinephrine and glucagon combine their effects to enhance release of glucose to system
3) Antagonism
· two hormones may inhibit one another as they either compete for receptor sites, act through different metabolic pathways or down regulate the others receptors like progesterone to estrogen
pituitary gland
· size and shape of pea
· secretes 8 hormones
· infundibulum connects pituitary to hypothalamus
posterior pituitary gland
· composed of pituicytes (neural tissue)
· releases neurohormones (hormones secreted by neurons)
· hormone storage area, not a true gland
· with the infundibulum it makes up neurohypophysis
anterior pituitary
· composed of glandular tissue
· makes proteins and releases them
· infundibulum makes up adenohypophysis
· hypophyseal branches of internal carotid bring blood to pituitary, veins leaving pituitary drain blood to dural sinuses
pituitary – hypothalamic relationship
· posterior pituitary lobe part of brain, attaches to hypothalamus through hypothalamic hypophyseal tract
· paraventricular and supraoptic nuclei is where tract comes from
· para (makes oxytocin) and supra (makes antidiuretic hormone (ADH)) are attached to posterior lobe and release hormones in capillary bed to be disseminated
anterior lobe
· from epithelial tissue as outpocketing of oral mucosa
· after touching posterior lobe, anterior lobe loses connection with oral mucosa
· has vascular connection with hypothalamus
· primary capillary plexus communicates through hypophyseal portal vein to the secondary capillary plexus
· portal system
· ensures that all inhibiting and activating hormones reach the anterior pituitary rapidly without being lost to the systemic circulation of blood
· at anterior pituitary these hormones regulate release of anterior hormones
Posterior pituitary and hypothalamic hormones
Posterior pituitary
· consists largely of axons from hypothalamic neurons with cell bodies in supraoptic and periventricular nuclei
· this regulates release of oxytocin (para) and ADH (supra)
Both oxytocin and ADH have similar structures
Oxytocin
· cause contractions
· in end of pregnancy, receptors for oxytocin build so response becomes more sensitive
· stretching of uterine walls release stimulate posterior lobe to produce oxytocin
· oxytocin uses the PIP-Ca2 secondary messenger to release calcium and make contractions more powerful
· breast feeding – suckling action causes oxytocin to stimulate myoepithelial cells that surround milk producing glands – positive feedback
· Drugs – oxytocic drugs used to:
· Force labour if it is going slowly
· Stop bleeding afterwards by constricting vessels in uterus
· Stimulate production of milk
· Causes affectionate feelings
Antidiuretic hormone
· Prevents production of urea
· Prevents dehydration
· When solute concentration in blood is too high, ADH releases to reabsorb water from kidneys that is intended for urine production
· Other stimuli increasing ADH
· Low blood pressure
· Pain
· Drugs (nicotine, morphine barbiturates)
· inhibited when alcohol is consumed (lots of pee)
· diuretics (make you pee) help with edema (water retention) and hypertension
· high blood concentrations causes ADH to vasoconstrict blood vessels to raise blood pressure
· vasopressin is other name – ADH found in smooth muscle
diabetes insipidus
· high urine output, high thirst
· detrimental to people in coma, can be maintained however in people who drink lots
· caused by blow to the head , injuring posterior pituitary
Anterior pituitary
· controlled by hypothalamus
· growth hormone, thyroid, FSH, Luteinizing etc
· hypo releases hormone to here, which then releases a specific other hormone in response
· thyroid, adrenocorticotropic, luteinizing, FSH are tropic – released to release other hormones
· all except growth use the cyclic AMP (cAMP)
The Heart
Circuits
· right side brings blood from blood to pulmonary circuit in lungs
· left side brings oxygenated blood from pulmonary to systemic circuit
Size location and orientation
· mediastinum
· medial cavity in thorax
· from second rib to fifth intercostal space
· lungs flanking
· broad base that faces the right shoulder
· apex faces lower hip
· between 5th and 6th rib is apical impulse
Coverings of heart
· pericardium
· connective tissue surrounding heart
· fibrous pericardium – superficial loose part
· protects heart
· anchors
· prevents overfilling
· serous pericardium – two layers
· parietal pericardium – on fibrous pericardium facing the inside towards heart (faces pericardial cavity). Connects major arteries 
· visceral layer (epicardium) – part of heart wall
· pericardial cavity lies between the two
· serous fluid
· allows heart to function with lubrication
Layers of heart wall
Three main
· epicardium
· visceral layer of pericardium
· loaded with fat in older people
· myocardium		
· cardiac muscles
· cause of contraction in heart
· connective tissues crisscross into bundles
· This links all parts of heart together
· Cardiac skeleton
· Reinforces myocardium
· Dense connective tissue
· Especially dense around arteries leaving heart – they have continuous stress of pumping and need reinforcement
· Endocardium
· Inside of the heart
· Endothelium sitting on connective tissue
· Covers fibrous skeleton
· Lines heart with vessels inside the chambers
Chambers
· Interartial septum separates atria
· Interventricular separates ventricles
· Coronary sulcus – groove that carry blood vessels and surrounds heart like a belt. Separates atra from ventricles
· Interventricular sulcus 
· Anterior divides the atria and cradles heart
· Posterior does the same on the back



Atria
right
· Pectinate muscles
· Anterior part of atria
· Muscles in bundles
· Smooth walled on posterior
· Posterior and anterior separated by crista terminalis
Left
· Pectinate on auricle
· Depression which marks fossa ovalis
· Has spot where a hole (foramen ovale) once was in fetal stages
Less muscles because only pumps blood to ventricles
· Superior vena cava – returns blood from above diaphragm
· Inferior vena cava – returns blood from below diaphragm
· Coronary sinus – collects blood from myocardium
Ventricles
· Most of heart volume
· Trabeculae carnae – irregular bends on inside of ventricles
· Papillary muscles protrude in to ventricle chambers (connect chordae tendinae)
· Right vent – pulmonary trunk
· Left – aorta
Valves
Maintain direction of bloodflow – response to changes in pressure
· Atrioventricular valves
· Connect atria to ventricle
· Rely on chordae tendinae and papillary muscles
· Tricuspid valve – right atria – three flexible cusps (flaps of endothelium and connective tissue)
· Mitral valve – left side – (bicuspid valve) – two cusps
NOTE – AURICLES LOOK LIKE LITTLE GUMMY BEAR FEET ON OUTSIDE OF ATRIA
· Chordae tendinae attached to papillary muscles
· When contraction, papillary muscles flex to give slack
· Pressure pushes flaps shut
· Chordae and papillary act as guy wires – without them flaps would evert to atria chamber
Semilunar valves
· Aortic and pulmonary
· Protect back flow when ventricles pump blood out
· When pressure builds these guys close
· Half moon cusps
No valves when blood into atria – blood does spurt back, however when they contract, myocardium closes the venous entrance. Also bc inertia of blood
Incompetent valve – valve doesn’t close properly so same blood is being pumped over and over again
Stenosis – valve stiffness (from calcium deposits or scar tissue), so heart works extra hard to pump blood
· New valves taken from pigs or cadavers bc heart works too much and may get damaged
Pathway of blood
· Equal volumes of blood pumped from either ventricle
· Left ventricle has higher workload bd of friction and lots of body area
· Left ventricle is therefore circular and has more muscle
· Right ventricle semilunar to left
Coronary circulation
· Is the functional blood supply of the heart, the shortest circulation
· Left and right coronary arteries surround sulcus
· Left
· Runs left side of heart then divides to 
· Anterior interventricular artery
· Flows down the interventricular sulcus and supplies blood to ANTERIOR side of ventricles and septum
· Circumflex artery
· Supplies blood to arteries and POSTERIOR side of ventricles
· Right
· Right marginal artery
· Blood to myocardium of lateral right side of heart
· Posterior interventricular artery
· Runs to apex
· Feeds posterior side of ventricles
· Meets at apex with anterior
· Anastosomes are junctions in coronal arteries that provide alternate (collateral) route for blood, HOWEVER not strong enough for when occluded (blocked) to give sufficient nutrients to heart – heart attack
· Coronary arteries do not function when ventricles contract bc myocardium forces them closed
· They sit on epicardium
· Heart is 1/200 of body weight but needs 1/20 of blood supply
Coronary veins
· Cardiac veins collect blood
· Empty in to coronary sinus (behind heart)that empties blood to atria
· Three :
· Great cardiac vein – runs along interventicular sulcus
· Middle cardiac vein – runs behind interventricular sulcus
· Small cardiac – along anterior atria
· Anterior cardiac veins empty directly to anterior atria
Angina pectoris – lack of nutrients to myocardium. Causes spasms, myocardium does not die, just temporary loss of oxygen. Also results from too much physical demand
Myocardial infarction – heart attack – myocardial cells die. Cells are amitotic so new tissue cannot be made. Damage to left ventricle is most serious
Microscopic anatomy
· Shorter and fatter muscles
· Single or double nucleus
· Intercalated discs – desmosomes (anchors cells together for strength) and gap junctions. Gap junctions allows electrical communication so heart can act as a single functioning unit – or functional syncytium
· Lots of mitochondria
· Long myofibrils to accommodate - Larger in diameter and branch
· Fewer T-tubules
· Less Ca delivery – both this and less t-tubules bc cells don’t need stimulation DEEP within muscles
· Less developed sarco reticulum
· ONLY aerobic respiration
· Abundance of fuel type determines fuel use
Differences between cardiac and skeletal
· Stimulation – heart is auto rhythmicity – stimulates itseld
· Contraction – in skeletal single motor units contract depending on motion. In heart all either contract or do not. Depolarization occurs through gap junctions form cell to cell
· Refractory – refractory period after contraction is longer in heart to prevent tetanic
Stages in contraction
· Similar to muscle contraction
· Depolarization, Na fluxes in through fast voltage gated Na channels (depol -90mV to +30)
· Transmission down t tubules to SR to release Ca
· Ca causes excitation-contraction coupling
· Sliding of myofilaments
Difference – Ca
· Ca is barred off in non-contracting cardiac muscle
· Once Na fluxes in, Ca flows through after delay through slow Ca channels
· This influx of Ca causes SR to release even more Ca to cause spark
· Plateau caused bc even though Na channels close – Ca still coming in to prolong contraction
· cardiac AP is longer (200ms compared to 100ms in skeletal) bc heart contraction lingers strongly to push out remaining blood
· repolarization – ca pumped back into SR
Nutrients
· heart is aerobic
· skeletal can be anaerobic (both cardiac and skeletal feed on glucose and fatty acids) 
· heart can adapt to other nutrients available – lactic acid
· if you cut off oxygen – heart will fail
Basic rythym
· intrinsic cardiac conduction system enable cells to coordinate together to make heart unified contraction
· how it works
· action potential by pacemaker cells
· pacemaker cells have unstable resting potential
· resting potential fluxuates from depolarization of the whole heart
· three parts of action potential:
· pacemaker potential – at resting, Na slow channels open to make inside of cells more and more positive until AP
· depolarization – threshold (-40mV)is breached from crazy influx of Ca rather than Na
· repolarization – opening of K channels
· sequence of excitation
· impulse of heart contraction follows pathway:
· sinoatrial node – pacemaker – sets sinus rhythm in atria – 75times/min. fastest conduction
· atrioventricular node – in atria above AV valve. Delay (0.1s) for atria to fill. Slowest conduction (merging 4 lanes on highway to 3) (from smaller diameter)
· AV bundle – only connection between atria and ventricular (all else connected by gap junctions). Sits beside interventricular septum
· Right and left bundle branches – along interventricular septum to apex
· Subendocardial conducting network – purkinje fibres – primarily on left side of ventricle. It connects interventricular septum. Stimulates contraction through gap junctions
· 0.22 sec for heart impulse to carry along this pathway
· As impule continues it gets to slower conductors, so later conductors depend  on earlier
Extrinsic innervation
· Sympathetic increases heart rate
· Cardioacceleratory system – T1-T2 level in spinal cord – to thoracic – to heart plexus
· Parasymp decreases heart rate
· Cardioinhibitory system – dorsal vagus in medulla – heart in SA and AV nodes
Electrocardiography
· Electrocardiogram
· 12 leads on body to measure AP
· Deflections: P wave, QRS, then T
· P wave – impulse from SA to AV, shortly after, atria contract
· QRS – impulse to ventricle before it contract
· T – ventricle repolarization. Lower amp and longer duration that QRS. Atrial repolarization not seen bc it happens during QRS when ventricle action
Heart sounds
· Lub-Dup
· First is louder and lingers
· AV valve closing
· Second is sharper and quicker
· Semilunar valve closing
· 
Sinus rythym – regular heart beat – P, QRS, T all there
Junctional rhythm  - SA node not working, so P waves not there. AV node takes over and beats 40-60 bpm
Second-degree heart block – some P waves not conducted so more P waves seen (ratio with QRS is 2:1)
Ventricular fibrillation – heart attack, nonsense, no rhythm
Heart murmers – stenosis (hig pitch) or incompetent (swooshing from backflow) valves
Mechanical events – Heart cycle
· Systole – contraction
· Diastole – relaxation
· This happens in both chambers – atria then ventricles
· They always follow events shown on ECG
· 1) mid-to-late diastole
· Atria are filling with blood (20%)
· Ventricles relaxing
· P wave
· Blood flows through open AV valvles to ventricles (80%)
· Atria systole – pushed 20% of blood (ventricles then 100% full – EDV (end diastolic volume)
· Pressure change in atria when contracting to open AV valves (when above 80mmHg, atria contract)
· 2)ventricular systole
· Atria diastole
· QRS wave
· Isovolumetric contraction phase – brief time when ventricles are full and AV valves and DL valves are closed
· Pressure in ventricles reaches 120mmHg – SL valves open
· Isovolumetric relaxation
· T wave
· Ventricles relax
· ESV (end systolic volume) – blood remaining after contraction
· Blood flows to aorta
· Ventricle pressure drops and resume closed chamber
· Dicrotic notch – when SL valves close
· Heart cycle 0.8 seconds
· 0.1 is atrial systole
· 0.3 ventricular systole
· 0.4 is relaxation or quiescent period
· Blood flow results from pressure changes that open valves
· This causes chambers to alternate in relaxation and contraction
· Keeps blood flowing in direction
· Blood flows from higher pressure to lower pressure
· Pressures are higher in left side

Cardiac Output
· Stroke volume (volume pumped by one ventricle per beat) times heart rate (usually 75 b/min)
· Typically 5 L of blood in humans
· Cardiac reserve – reserve of fluid for when we exercise (CO goes up)
· Non athletic 3 or 4 times resting CO
· Athletic 35L/min (7 times)
Regulation of Stroke Volume
· Stroke volume is End diastolic volume minus end systolic volume
Factors affecting EDV
· Preload
· Capacity of cardiac muscles for blood before they contract
· [bookmark: _GoBack]Frank starling law of heart – relationship between preload and stroke volume (heart pumps out whatever it receives)
· Optimal length tension
· Heart is much shorter than optimal contraction length
· When more blood pumped in, heart stretches so contractile force increases and more blood is pumped out
· Venous return – amount of blood in returning in heart stretching it
· Increased venous return
· Slow heart rate
· Exercise
· Increases SV, EDV and contraction force bc more blood returning
· Decreased venous return
· Loss of blood
· Fast heart rate
· Less forceful beating and therefore less SV
· This ensures that either ventricle will still pump equal volume
· If pulmonary ventricle pumps more, venous return will increase for blood coming in for systemic and SV will match up
· Contractility
· Strength of a contraction at given muscle length
· Rises when more Ca enters cells
· Independent of muscle cells and EDV
· Increase contractility means more blood ejected from heart (lower ESV)
· Positive tropic agents – increase contractility – NE, epinephrine
· Negative tropic agents – opposite – acidosis (increase H+)
· Afterload
· Pressure that ventricles have to overcome to eject blood
· Back pressure on SL valves  - 10mmHg in pulmonary and 80mmHg in aorta
· Higher afterload, less chance of ventricles ejecting blood – important in hypertension
Regulating heart beat
· Positive chronotropic – increase heart rate when SV is low
· Negative do the opposite
· Sympathetic nervous system increases heart rate
· Releases NE and epinephrine to lower threshold so SA node will fire
· Enhances contractile by bringing in Ca
· This lowers ESV – more blood pushed out in contraction
· Parasympathetic lowers heart rate
· Hyperpolarizes by opening K channels
· No affect on contractile forces
· Vagal tone – influence on heart beat is mainly inhibitory
· this reduces the heart rate bc of vagal nerves innervating heart
· baroreceptors – respond to changes in blood pressure
· atrial reflex – when more blood returning in to atria, heart rate increases to pump that blood out
· caused by stretching of atrial walls
Chemical regulation of heart rate
· hormones - epinephrine increases heart rate, thyroxine reinforces the effect of Epinephrine
· ions – plasma electrolyte imbalances poses threats
· increase Calcium (hypercalcemia) causes increase in contractility and may cause arrhythmias
· increase potassium (hyperkalemia) causes depolarization and may cause heart attacks
Other factors
· age – heart rate faster in fetus, slower as we age
· men have lower heart rate
· exercise increases HR through sympa
· fit have 40bpm
· body temperature higher means higher heart rate
Imbalances
Tachycardia
· faster heart rate
· drugs, stress
· causes fibrillation
Bradycardia
· slower heart rate
· being cols, drugs, parasymp effects
· brain edema after trauma
homeostatic imbalance of cardiac output
· coronary atherosclerosis
· fat buildup in coronary arteries – no oxygen to heart
· persistent high blood pressure
· higher pressure must be reached by ventricles to eject blood
· 90 instead of 80
· If blood pressure always elevated, ESV rises
· Myocardium gets weaker
· Multiple heart attacks
· Bc of scar tissue replacing dead cells, pumping efficiency decreases
· Dilated cardiomyopathy
· Ventricles stretch and become flabby
· Unknown reasons
· Drug toxicity and inflammation
· Increased levels of Ca means heart is working harder  so disease worsens
· Pulmonary congestion – blood coming back from pulmonary circuit is not pumped fully (left side fails) so blood leaks in to lung tissue.
· Peripheral congestion – right side of heart fails so blood leaks in to body system and there is inadequate removal of wastes


