BIOM3200DE FINAL EXAM REVIEW: HOT TOPICS
Units 1-2
Terms and definitions

Types of hormones, where they are produced/their target organs, their classifications, transport and delivery, their mechanisms of action and target effects
Amines  hormones derived from tyrosine and tryptophan 
· Secreted by adrenal medulla, thyroid, and pineal glands
· Adrenal medulla  adrenaline & noradrenaline
· Thyroid  T4 and T3
· Pineal gland  melatonin
Polypeptides/proteins  proteins are large polypeptides 
· Thyroid  calcitonin (peptide) 
· Hypothalamus  ADH (peptide) 
· Parathyroid glands  Parathyroid hormone (peptide) 
· Pancreas  pancreatic polypeptides (polypeptides)
· Thymus  thymosin (thymopoietin) (peptide) 
· Heart  atrial natriuretic factor (ANF) (peptides) 
· Posterior pituitary  vasopressin (peptide) (produced in hypothalamus but release from posterior pituitary) 
· Anterior pituitary  GH (protein), adrenocorticotropic hormone (ACTH) (corticotropin) (proteins) 
Steroids  hormones derived from cholesterol after enzyme cleaves off side chain attached to 5 carbon “D” ring
· Eg. Testosterone, estradiol, progesterone, and cortisol
· Adrenal cortex  cortisol and aldosterone 
· 
Glycoproteins  proteins that consist of protein bound to one or more carbohydrate groups 
· Eg. FSH and LH
· Anterior pituitary  FSH and LH  target gonads
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Relationship between hypothalamus and pituitary gland
 hormones are produced in the hypothalamus but released from pituitary gland 
 hypothalamus is connected to anterior lobe of pituitary gland by means of special portal blood system 
 hypothalamus is directly connected to posterior lobe of pituitary gland by neurons 
 Hypothalamus regulates the function of pituitary gland 

Diseases/deficiencies/over-secretion
 dwarfism 
· Deficiency of anterior pituitary hormones during childhood  due to deficiency of GH 
· Disproportionate dwarfism  one or more body parts are largely or smaller in comparison to average size adults
 gigantism 
· Cells of anterior pituitary are overactive due to hyperplasia or due to tumor  excess quantities of GH produced 
· Usually hyperglycemic and develop diabetes mellitus 
· Because beta cells of islets of Langerhans in pancreas are prone to degeneration  overactivity due to high blood sugar and because of direct over stimulating effect of GH on islet cells 
 acromegaly
· If tumor occurs after epiphyses fused  long bones cannot continue to grow but soft tissues can continue to grow and bones grow in thickness
· Results in large of hands and feet etc.
· Can be hunched back
· Too little or too much GH increases rate of protein synthesis → increase mobilization of fatty acids and increases use of fatty acids for energy and decreases rate of glucose use in body (since fatty acids are being used for energy)

 hyperthyroidism 
· Thyroid gland is enlarged 
· Too much secretion of thyroid hormones 
· Patient exhibits signs of heat intolerance, increased sweating, mild to extreme weight loss, varying degrees of diarrhea, muscular weakness, nervousness, extreme fatigue, inability to sleep and tremor of hands 
· Enlargement of thyroid gland is due to hyperplasia of follicular epithelial cells of the follicles  
· Graves disease  severe hyperthyroidism 

 hypothyroidism 
· Inadequate thyroid hormone released 
· Thyroid is small due to fibrosis of gland 
· Thyroid gland may be enlarged (goiter) due to deficiency of iodine in diet  thyroid can’t make T4 or T3
· Production of TSH by anterior pituitary is not inhibited through negative feedback and TSH causes thyroid cells to secrete tremendous amounts of thyroglobulin (colloid) into follicles and gland grows larger and larger 
· Patient has extreme muscular weakness
· Slow heart rate 
· Decreased cardiac output
· Decreased blood volume 
· Increased weight gain 
· Constipation 
· Mental sluggishness
· Depressed hair growth 
· Dry
· Scaly skin 
· Development of a frog like husky voice 
· In advanced cases edema → evident in throat area (myxedema)  in adults with severe hypothyroidism 

 hypoparathyroidism 
· Parathyroid gland does not secrete sufficient hormone 
· Calcium reabsorption from bone is depressed so level of calcium in blood decreases 
· Strength of bone is not decreased 
· If glands not surgically removed and replacement therapy not initiated  calcium deficiency results in tetany and death 
· Large doses on vitamin D will maintain plasma calcium levels in normal range 

 hyperparathyroidism 
· Parathyroid glands produce excess of hormone 
· Occurs in women and usually caused by tumors 
· Mild hyperparathyroidism  bone can be deposited rapidly enough to compensate for increased osteoclastic reabsorption of bone 
· Kidney stones  common because of excess calcium and phosphate 
· Severe hyperparathyroidism  osteoclastic resorption of bone outstrips osteoblastic deposition and bones are weakened and break 
· Calcium levels rise more kidney stones
 Rickets 
· Less calcium or phosphate in plasma 
· In children usually 
· Plasma levels of calcium sightly depressed because parathyroid glands prevent calcium level from falling by promoting bone resorption when calcium levels start to fall 
· Taking calcium out of bone
· Phosphate levels slightly depressed since there is not an ideal regulatory system for preventing fall in phosphate and increased parathyroid hormone increases excretion of phosphates in urine 

 Adult Rickets (Osteomalacia) 
· Deficiency in vitamin D and calcium from failure to absorb fat 
· Can be caused by excess of castor oil, laxative intake 
· Renal rickets from long term kidney damage  the damaged kidney fails to produce 1,25-dihydroxycholecalciferol  active form of vitamin D 
· Vitamin D is fat soluble, and calcium tends to form insoluble soaps with fat  both are lost in feces 

 Osteoporosis 
· Result from diminished organic bone matrix rather than abnormal bone calcification 
· Osteoblastic activity in bone  less normal  resulting in rate of bone deposition being depressed 

Caused by 
1. Lack of physical stress n bones because of inactivity 
2. Malnutrition to extent that sufficient protein matrix cannot be formed 
3. Lack of vitamin C which is necessary for secretion of intercellular substances by all cells 
4. Postmenopausal lack of estrogen secretion because estrogens have osteoblasts stimulating activity 
5. Old age, in which growth hormone and other growth factors diminish greatly plus fact that many of the proteins anabolic functions are poor anyway 
6. Cushing’s disease because massive quantities of glucocorticoid cause decreased deposition of protein throughout the body → cause increase catabolism of protein and have specific depressing osteoblastic activity 

 Diabetes Insipidus 
· Increased urine production 9polyuria)
· Deficiency of insulin
· Deficiency of ADH  without ADH polyuria occurs and polydipsia (increased water intake) occurs 
· Blood glucose levels  normal  no glucose in urine 

 Diabetes mellitus (Type 1 diabetes)  insulin deficiency 
· Diminishes secretion of insulin by beta cells of pancreas 
· Can be hereditary 
· Autoimmune disorder 
· Family history 
· When glucose is excreted in urine → glucose has an osmotic effect in water that would normally be reabsorbed is carried out with glucose → causes→ polyuria and polydipsia → leads to dehydration → A reduction in blood volume and potentially circulatory shock → loss of body weight and lack of energy in spite of polyphagia (really hungry and eat a lot) are other symptoms 
· Shift from glucose to fat metabolism results in production of acids, acetoacetic acid and beta-hydroxybutyric acid → leads to lowering of blood pH (acidosis) 
· Acids are excreted by kidney in combination with sodium so extracellular sodium concentration falls and positive charges are replaced with hydrogen ions → worsens acidosis 
· To correct acidosis → patient increases respiratory rate (hyperventilation) and plasma bicarbonate is used to buffer the hydrogen ions → if condition is severe enough → patient will enter acidotic coma that can lead to death 
· Other complications include atherosclerosis, increased susceptibility to infections, diabetic retinopathy, cataracts, hypertension, and chronic renal disease 
· Conditions are more closely associated with level of blood lipids than level of blood glucose → equally important to control patients fat intake as it is the carbohydrate intake 

 Insulin resistant diabetes (Type 2) 
· Plasma insulin levels  near normal  insulin’s target cells don’t respond to insulin 
· Can be due to insufficient insulin receptors on target cells or intracellular process after receptor activation may be problem 
· Can be associated with over eating and obesity 
· Overeating → large and frequent release of insulin → over time elevated insulin levels induce reduction in number of insulin receptors 
1. Result → glucose levels remain high and it stimulate vene more insulin secretion, which worsens problem 
1. Insulin hypo responsiveness secondary to overeating can be completely reversed if person reduced their caloric intake → exercise is useful because it increase number of insulin receptors independent of changes in weight gain

 Hyperinsulinism 
· Secreted by alpha cells of islets of Langerhans  when blood glucose levels fall 
· Functions are opposite to those of insulin 
· As blood sugar level falls → neuronal activity increases and patient may appear nervous, tremble all over, sweat, and rarely hallucinate 
· As blood glucose levels drop further → patient will convulse and eventually enter coma 
· Possible to differentiate clinically between diabetic coma and insulin shock → As a patient in diabetic come will have acetone breath and deep breathing and patient in insulin shock will not exhibit these symptoms 





Anatomy of endocrine/exocrine organs
· Endocrine  secretes hormones in bloodstream to act in classical endocrine hormone mechanism 
· Endocrine pancreas  3 types of endocrine cells 
· Alpha cells  secrete glucagon
· Beta cells  secrete insulin 
· Delta cells  secrete somatostatin 
· Exocrine  secretes products through duct to outside of epithelial membrane or external environment 
Unit 3
Kidney anatomy + nephron microanatomy
Kidneys are bean-shaped organs located below the diaphragm and liver on either side of the vertebral column. Each kidney contains millions of tubules and nephrons that are surrounded by capillaries to filter plasma. Blood enters kidneys through renal arteries where blood filtrate is formed in glomerulus after which it enters nephrons for filtration. The filtrate is then collected in the renal pelvis and delivered to the urinary bladder via ureter. Blood is returned to systemic circulation via renal vein. 

Renal cortex → outer section of the kidney (1cm thick) 
Renal medulla → inner section of kidney, facing sinus, contains tubules and blood vessels that give it striped appearance 
Renal pyramid → cone-shaped tissue of kidney contained within renal medulla. Has the widest part facing the renal cortex and apex pointing towards the sinus. Nephrons are located within the renal pyramid. 
Renal column → extensions of outer cortex that points towards the sinus and separate renal pyramids. 
Renal pelvis → funnel shaped region located in sinus → where major calyces converge, and urine is stored prior to transport through ureter. 
Renal papilla → apex region of renal pyramid that points towards sinus. 
Minor calyx → cup-shaped region at terminal end of renal pyramid that collects urine (located beside the renal papilla) 
Major calyx → region where minor calyces converge. 
Ureters → carries urine from renal pelvis to urinary bladder. 
Renal artery → delivers blood from systemic circulation (from aorta to kidneys, divides into segmental arteries once it passes the hilum). 
Renal vein → delivers blood from kidney back to systemic circulation via inferior vena cava. 
Nephron consists of a renal corpuscle (glomerulus) which filters blood plasma and creates filtrate that is transported through renal tubules. The tubule is divided into functional sections that alter composition of filtrate through absorption and secretion of molecules. The renal tubule is divided into proximal convoluted tubule, the loop of Henle (descending and ascending limb), the distal convoluted tubule and collecting ducts. Renal blood vessels are closely associated with renal tubule and work together to regulate blood volume, osmolality and pH.



Glomerular filtration (mechanism + regulation)
1. Extrinsic regulatory mechanisms (sympathetic nervous system) 
2. Intrinsic regulatory mechanism (renal autoregulation) 
Both mechanisms will regulate volume of blood meaning BP in glomerulus by constricting or dilating afferent arteriole

Renal autoregulation is intrinsic mechanism within kidney that maintains constant glomerular filtration rate despite changes in mean arterial BP 
Autoregulatory mechanisms - 
1. Myogenic constriction 
2. Tubuloglomerular feedback 

Nervous system control
Upon stretching → sensory neurons in the bladder sends signals to the micturition reflex in the brain which activates parasympathetic nerves → causing contraction of detrusor muscle to empty the bladder. 
However, higher brain regions allow for voluntary motor control where an individual controls the voiding reflex. Once an individual decides to urinate → the higher regions of the brain activate the micturition centre in the pons which in turn activates the parasympathetic nervous system. 

Basic reabsorption vs secretion of solutes + H2O
· The renin-angiotensin-aldosterone system will trigger reabsorption of Na+ in cortical collecting duct 
· Low Na+ → release of renin → conversion of angiotensin I to angiotensin II → release of aldosterone → Na+ reabsorption in cortical collecting duct 
· Increased reabsorption of salt and water in kidneys will increase blood volume → in turn increases mean arterial pressure → in addition → release of angiotensin II will cause vasoconstriction of arterioles → also increasing mean arterial pressure 

· There will be lower levels of K+ reabsorption when the renin-angiotensin-aldosterone pathway is activated → aldosterone promotes reabsorption of Na+ and excretion of K+ 
· K+ is secreted into tubular cells in response to negative polarity that was created by the reabsorption of Na+ 
· Filtration → fluid and solutes filtered through glomerulus and enter Bowman’s capsule 
· Tubular reabsorption → recovers useful solutes and water 
· Tubular secretion → eliminates waste from blood 
· Water conservation → water is recovered from filtrate → resulting in urine which passes into collecting ducts 

Disease states
· Kidney stones
· Nephrolithiasis  kidney stones  hard objects formed in kidneys  made up of calcium phosphate and calcium oxalate  sometimes form when individual is dehydrated 
· Exist as struvite stones (magnesium ammonium phosphate) following UTIs  uric acid stone with gout and cysteine stones in people with cystinuria 
Unit 4
Components of the blood
· Growth factors 
· Immune cells 
· Electrolytes 
· Metabolic waste products (urea, ions, excess water) 
· Heat
· Respiratory gases (oxygen, CO2) 
· Organic molecule (glucose, protein, lipids) 
· Consists of 45% solid portions (formed elements)  RBCs, platelets and WWBCs
· Majority of cells in blood  95%
· 55%  liquid portion (plasma) 

Immune cells and their functions
· B cells make antibodies 
· T cells attack pathogens and trigger proliferation of more B cells to make more antibodies 
· T & B cells  involved in specific immunity 
· T cells  activated when bound to antigen-MHC complex
· Cytotoxic and helper T cells 
· Cytotoxic  destruct pathogen right away 
· Helper  help to trigger more B cells 

Production of blood cells
· RBCs → produced in red bone marrow through process called erythropoiesis 
· Red bone marrow → located in long bones of mammals and responds to hormone erythropoietin (EPO) → by increasing rate of RBC production 
2. EPO is released in kidney in response to decreased oxygen tension of blood 
1. Erythropoiesis → stepwise differentiation of progenitor cell → erythroblast
1. Early stages of RBC development → nucleus → extruded and all mature RBCs → nucleated → mature RBCs have finite life span of 120 days and rely entirely on glycolysis for ATP production   
1. Old RBCs become stiff (cannot transcribe new proteins) and circulation through spleen and liver cause brittle RBCs to lyse → removing them from circulation 
1. Obligate use of glycolysis for ATP production maximizes oxygen-carrying capabilities of RBCs as glycolysis is anaerobic metabolism and does not require oxygen 


Basics of hemostasis
· Refers to stopping of bleeding 
· Process that attempts to avoid blood loss after vascular injury of vasospasm, platelet plug formation and blood coagulation 
· Damage to blood vessel → cause smooth muscle contraction → result in blood vessels decreasing diameter of their lumens → decreasing blood flow 
· Decrease in blood flow at site of severing or tearing → limits amount of blood loss
· Vessels → remain constricted for short period of time 
· Platelets transport serotonin and release it when activated → extends to vasospasm to allow for effective thrombus (clot) formation 
· Activated platelets release various growth factors → platelet derived growth factor (PDGF), transforming growth factor beta (TGFB), fibronectin and vitronectin and fibrinogen 
· Platelets → become sticky → forming platelet plug 
8. May be enough to plug bleeding → often coagulation is needed to stop most bleeds 

Coagulation
· Biochemical process produced blood clots or thrombi 
· Thrombi → essentially meshwork that binds platelet plugs and blood cells 
· Meshwork → formed by fibrin → sticky fibrous protein → normally found in inactivated form fibrinogen
· Formation of active fibrin from inactive precursor form → occurs through 2 pathways intrinsic and extrinsic coagulation pathways 
· Clotting factors present in inactivated form in blood produced constitutively by liver 
· Once activated by intrinsic or extrinsic pathway → form positive feedback loop → rapid formation of fibrin meshwork that traps platelets and blood cells and facilitates homeostasis 
· Intrinsic pathway → begins with factors present within blood 
7. Starts when trauman in blood or when blood is exposed to collagen (component of extracellular matrix outside lumen of blood vessels) 
1. Extrinsic pathway → starts when there is vascular tissue trauma or trauma surrounding tissues → release factors that initiate coagulation 
8. Primary means of coagulation used by body 







Unit 5-6
Heart anatomy
· 4 chambers
· 2 atria  receive venous blood 
· 2 ventricles  push blood into arteries 
· Right ventricle  pumps blood to lungs to oxygenate the blood 
· Left ventricle pumps  oxygenated blood through whole body 
· Atria and ventricles  separate by dense connective tissue (fibrous skeleton)  forms rings around valves that support valve flaps 
· One-way atrioventricular valves 
· One between right atrium and ventricle  3 flaps (tricuspid valve)  
· One between left atrium and ventricle  2 flaps (bicuspid or mitral valve) 
· One way semilunar valves  located at origin of pulmonary artery and aorta  allow blood to flow into pulmonary and systemic circulations when ventricles contact 
· When ventricles relax  prevent backflow of blood into ventricle 

Pacemaker potential + cardiac muscle potential
3 pacemakers  SA node, AV node, Purkinje Fibers 
· SA node  fastest 
· AV node  slightly slower 
· Purkinje fibers  allow contraction of ventricles and are important for consistent heart rhythm 
· Have conducting fibers made of electrically excitable cells 
Pacemaker activity in heart muscle results from cells of heart do not have stable resting membrane potential 

· In cardiac muscle → charge inside cell as result of ion distribution starts at about -60 mV and drifts upward → showing gradual depolarization called pacemaker potential → result of slow inflow of Na+ into cell without compensating outflow of K+ 
· Rate of spontaneous depolarization fastest in SA node 
· Possible for action potentials to be generated elsewhere in the heart if SA node is not working properly or conduction system is damaged 
· Most common site for this to happen is → atrioventricular (AV) node → can also generate regular heart beat → slightly slower rate (40-50 bpm) 
· When pacemaker potential depolarizes to threshold of -40 mV → voltage-regulated fast calcium channels open and Ca2+ flows in from extracellular fluid → produces rising (depolarizing) phase of action potential → peaks slightly above 0 mV 
· K+ channels open at this point 
5. Makes interior of plasma membrane increasingly negative and creates falling (repolarizing) phase of action potential 
1. When repolarization is complete → K+ channels close and pacemaker potential starts over → on its way to produce next heartbeat 
· Each depolarization of SA node sets off action potential → travels rapidly via Bachmann’s bundle across left atrium → triggering near simultaneous contraction of 2 atria 
1. Signal travels at speed of 1 m/sec through junctional fibers to reach AV node in 50 msec 
1. In AV node → signal slows down to 0.05 m/sec → because myocytes are thinner → they have fewer gap junctions over which signal can be transmitted 
2. Delays signal at AV node for 100 milliseconds 
2. Delay → because it gives ventricles time to fill with blood before they begin to contract 
1. Once past the AV node → action potential speeds up and travels through AV bundle and Purkinje fibers at speed of 4 m/sec 
3. Entire ventricular myocardium depolarizes within 200 msec after SA node fires causing all muscle fibers in ventricles to contract synchronously 

ECG readings
The Electrocardiogram (ECG) 
· Non invasive test → captures electrical activity of heart to monitor cardiac function 
· Electrical activity of heart travels through body and can be recorded by placing electrodes on limbs (limb leads) and or on chest (precordial leads) 
· Resultant record of electrical potential versus time produces characteristic waveforms which can be examined to determine the homeostatic balance of heart or presence of cardiovascular pathologies
· ECG does not record an action potential  → results from production and conduction of action potentials in heart 

ECG Measurements 
· Recording ECG readings requires subsequent interpretation of waveforms → produced form test 
· P wave → first positive deflection away from ECG baseline → represents atrial depolarization 
· QRS complex → after impulse conducted through atrio-ventricular (AV) node → AV bundle and Purkinje fibers, ventricular depolarization occurs and is represented by series of waveforms termed QRS complex 
3. Represents atrial repolarization 
T wave → T wave → upright wave represents ventricular repolarization 

Definitions related to vessel function + heart function
Vessels  transport blood to and from heart around body  thinner muscle layer that allows for higher distension capability when more blood enters them 
Arteries  have thick muscle layer that allow them to transport high pressure blood ejected from heart 
· Resist high BP 
· Conducting, distributing, arterioles 
1. Conducting (elastic or large) arteries → biggest 
· Aorta → common carotid and subclavian arteries, pulmonary trunk and common iliac arteries → examples of conducting arteries 
· Expand during ventricular systole to receive blood and recoil during diastole 
· Expansion takes some pressure off the blood so smaller arteries downstream are subjected to less systolic stress 
· Their recoil between heartbeats → prevents blood pressure from dropping too low while heart relaxes or refills 
· These effects → lessen fluctuation in BP 
· Arteries stiffened by atherosclerosis → cannot expand and recoil as freely 
· The downstream vessels → subjected to greater stress and are more likely to develop aneurysms and rupture 


0. Distributing (muscular or medium) arteries → smaller branches that distribute blood to specific organs 
· Most arteries that have specific anatomical names are in these first 2 size classes 
· brachial , femoral, renal and splenic arteries → examples of distributing arteries 


0. Arterioles → smaller arteries branch into arterioles
· Approx. 20-30um in diameter 
· Further branching from arterioles feeds capillary beds 

Walls of both arteries and veins have 3 tunics  externa (connective tissue), media (smooth muscle) and interna 
Tunica interna has 3 layers  endothelium (lines the lumina of blood vessels), basement membrane (glycoproteins), elastic lamina (layers of elastin)
Veins 
· Venules are smallest veins and receive deoxygenated blood from tissue capillaries 
· Venules join successive venules to form medium → large sized veins completing venous circuit by returning deoxygenated blood to right atrium of heart 
· Veins are composed of same 3 layers as arteries → tunica externa, media and interna 
· Tunica interna → continuation of endothelial cell layer of capillary bed 
· To facilitate blood transport back to heart against gravity → tunica interna contains one way valves → prevents backflow of blood 
· Veins → have characteristically large lumen sizes due to thinner development of tunica media 
· Low venous pressure is insufficient → to return blood to heart but as veins pass through skeletal muscles → they are massaged and squeezed by muscle creating a blood flow to heart 

Capillaries 
· Smallest blood vessels of body → characterized by their thin walls that are ideal for tissue exchange 
· Inner endothelial cell lining of arteries → Continuous with capillary network 
· Endothelial lining → may differ in morphology → alters ability of substances to cross this membrane → they are sub categorized as 
3. Continuous 
1. Composed of endothelial cells → Closely attached to each other without larger intercellular channels
1. Substances crossing these capillary have to be relatively small (water, gases) with larger molecules being excluded (proteins) 
1. Pinocytosis or cellular drinking may also be mechanism of transport in these capillaries 
1. These capillaries are found as part of blood brain barrier 
. Fenestrated 
2. Characterized by large pores or fenestra →  Increasing exchange of substances across capillary beds 
2. These are found in endocrine glands, kidneys and intestine where movement of substances in and out of systemic circulation occurs 
. Discontinuous 
3. Exhibit largest opening → allows very large substances to pass through (RBCs, WBCs and large serum proteins)
3. The liver and spleen contain highest amounts of discontinuous capillaries that reflect their serum protein producing and immune surveillance specializations respectively 
. Precapillary sphincters → indicate junction between arterial system and capillary beds 
4. Composed of smooth muscle 
4. Bands of smooth muscle that control blood flow into capillary bed by cycles of contraction and relaxation 
4. Local microenvironmental cues, nervous and endocrine mechanisms control tone of these → ultimately controlling blood flow to organs 
4. Once blood has exchanged oxygen and nutrients for CO2 and wastes, blood enters venous system for transportation back to heart 

Blood flow through the heart
Extrinsic → control of blood flow by endocrine system and autonomic nervous system 
Intrinsic → control of blood flow by mechanisms within heart 

Myogenic mechanism of blood flow 
Vascular smooth muscle within individual organs → detect changes in BP and respond by dilating or constricting blood vessels to increase or decrease blood flow → in order to maintain constant blood flow regardless of systemic arterial pressure → important for organs like brain an kidney 

Blood flow is determined by pressure difference and resistance → difference in pressure between two points within vessel drives flow of blood (from high to low pressure) → resistance within vasculature is measure of how difficult it is to move blood through vessel (the more resistance → harder it is for blood to flow) 
Resistance:
Increase in resistance → decrease in blood flow 
Decreases in resistance → increase in blood flow 
Pressure difference 
Increase in pressure difference → increase in blood flow 
Decrease in pressure difference → decrease in blood flow 

Unit 7
Reproductive anatomy 
Female reproductive system 
Internal genitalia →  has 2 ovaries, 2 uterine tubes, the uterus, the cervix and the vagina 
· Ovaries → are small oval shaped organs located on either side of the uterus 
· Uterine tubes → provide connection between ovaries and uterus → they are not in direct contact with ovaries 
· Uterus → pear shaped muscular organ also knowns as the womb, it is narrow to form the cervix which is closed except around ovulation during childbirth 
· Vagina → copulatory organ and birth canal during parturition (childbirth) 
External genitalia → vulva → consists of vestibule, labia majora, labia minora and clitoris 
· Vestibule → longitudinal cleft surrounded by labia majora where urethra and vaginal opening are found 
· Clitoris → same embryonic origin as male penis → not as well developed 
2. Is an erictile tissue and the glans clitors is very sensitive to physical stimulation 
1. Labia majora and minora → longitudinal folds that cover opening of vagina and urethra) 
Male Reproductive System 
· Beings in testes
· Testes → located in individual sacs and together from scrotum suspended outside abdominal cavity 
2. Responsible for production of sperm and sex hormones 
2. From testes perm follow series of ducts (epididymis, vas deferens, enjaculatory duct) to arrive at urethra 
1. Along that ductal system → accessory organs → ampullae, seminal vesicles, prostate and bulbo-urethral gland 
1. Urethra → continues through penis 
1. Penis is composed of three erectile bodies and is enlarged at end to form glans penis 
1. Glans and shafts → penis is covered by skin known as prepuce or foreskin 

Male and female reproductive hormones
Pituitary
· Estrogen 
· Ovarian follicles respond to gonadotropic simulation by secretion of testosterone from theca cells  converted to estrogen by adjacent granulosa cells 
· High levels of ovarian estrogen stimulate hypothalamus  causes surge in FSH and LH secretion  follicular phase 
· FSH (gonadotropic hormone)  stimulate gonads to secrete sex steroid hormones  inhibitory effect of secretion of gonadotropic hormones
· Made by anterior pituitary released into systemic circulation 
· In males too 
· Primary promoter of antral follicle growth 
· High doses  induce mature follicles  increases number of matured gametes 
· Maintain normal function of Sertoli cells which support spermatogenesis important for sperm production 
· LH (gonadotropic hormone) 
· In testes binds to receptors of Leydig cells  stimulates synthesis and secretion of testosterone in males 
· Induces luteinization of ovulating follicles  in females 
· Needed for development and function of corpus luteum  in females 
· Depend on gonadotropin releasing hormone
· Released in pulsatile manner 
· In females  frequency and amplitude of pulses of GnRH determines its affect 
· high frequency  high amplitude GnRH pulses stimulates LH secretion 
· low frequency GnRH stimulates FSH secretion 
· Progesterone 
· Made by corpus luteum  in luteal phase  works with estradiol  to suppress GnRH release 
· Testosterone 
· GnRH pulse at constant frequency  high testosterone levels act as negative feedback on GnRH secretion 
· Environmental factors (sleep, exercise and stress) and hormones can affect GnRH secrete and can have negative or positive control over GnRH secretion 
· Gonads  inhibin and activin 
· They inhibit and activate FSH secretion from pituitary 
· Elevated prolactin concentrations during lactation  suppress GnRH activity 
Non pituitary gonads 
· hCG secreted by trophoblast cells of early embryo and has LH like activity 
· Prolactin 
· Induces mammogenesis  lobuloalveolar growth of mammary gland 
· Secreted by lactotrophs cells in anterior pituitary 
· Stimulates lactogenesis or milk production 
· Positively regulated b tonic inhibition to dopamine and hormones (TRH, GnRH, vasoactive intestinal polypeptide) 
· Increase blood concentration of estrogen during late pregnancy  elevated levels of prolactin that is necessary to prepare mammary gland for lactation 
· When baby sucks on mammary gland  releases prolactin 
· Oxytocin 
· High levels of estrogens cause the number of receptors for oxytocin on the uterus to increase, where oxytocin released by the posterior pituitary stimulates uterine contractions. Oxytocin release during labour is an example of a positive feedback cycle; as the cervix stretches and dilates to accommodate the moving fetus, more oxytocin is released to aid in increasing uterine contractions to expel the fetus.
· Prostaglandin 
· Made by endometrial glands
· Causes regression of corpus luteum in non-pregnant animals 
· Labor is stimulated by oxytocin and prostaglandins 
· During labor  oxytocin and prostaglandin F2alphsa  stimulate the opening of Ca2+ channels in plasma membrane for muscle contraction  gap junctions help coordinate and synchronize uterine contractions 

Ovulatory/menstrual cycle
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In all female primate mammals, there is a cycle of oocyte production and release that is associated with changes in the endometrium of the uterus. These changes are known as the menstrual cycle. In women, the cycle is approximately 28 days in length; however there can be some variation. The purpose of the menstrual cycle is to allow the endometrium to be replaced each month in preparation for potential implantation of an embryo. The cycle is regulated by the cyclic production of estrogens and progesterone by the ovary.

The female cycle is characterized by several phases that can be broken down into the ovarian cycle and the menstrual or uterine cycle. The ovarian cycle refers to changes that occur in the follicles, and it includes the follicular phase where the follicle is maturing, ovulation when the oocyte is released, and lastly the luteal phase when the corpus luteum is active.

At the end of this cycle, menstruation will occur and the endometrium is shed. Therefore, menstruation takes place from the end of the luteal phase until the beginning of a new follicular phase. The uterine cycle, which involves changes to the endometrial lining, can also be broken down into three phases. This cycle starts with the menstrual phase, followed by the proliferative and secretory phases.

Various hormonal changes are responsible for the ovarian and endometrial changes. We mentioned that estrogen and progesterone are involved, but the pituitary hormones, luteinizing hormone (LH) and follicle stimulating hormone (FSH) also play a major role. During the follicular phase, FSH stimulates the secretion of estrogen by the ovarian follicular cells. At this time, blood estrogen levels begin to rise, while blood progesterone levels remain low.

Leading up to ovulation, estrogen production by the follicular cells will decline. Blood LH and FSH levels will also suddenly peak, which is the stimulus for ovulation. During the luteal phase, hormone secretion is carried out by the growing corpus luteum and both estrogen and progesterone are secreted. Leading up to the menstrual phase (end of luteal phase), the corpus luteum begins to regress as LH and FSH levels decline. Blood estrogen and progesterone levels also decline rapidly.

If pregnancy occurs, the placenta secretes chorionic gonadotropin that maintains the corpus luteum and estrogen and progesterone levels continue to rise.


Unit 8
Neuron types + cells of the PNS/CNS
Membrane potential
Action potential
Unit 9
Neurotransmitters: types, function, location, steps in release
Muscle anatomy and microanatomy
Neuromuscular junctions
Steps in muscle contraction
Muscle types
Unit 10 
CNS vs PNS
CNS 
· Brain, spinal cord, pons, cerebellum, midbrain, diencephalon, cerebral hemispheres 
· Receives input from sensory neurons and directs activity of motor neurons to innervate muscles and glands
· Sensory peripheral nerves  send information to brain  integrates information and generates response 
· Emotions, memory, learning and perceptions
· Brain  connected caudally to spinal cord  large bundle of axonal nerve fibers  connect spinal nerves with brain 
· Ascending tracts of nerves  cover sensory information from periphery to brain 
· Descending tracts of nerves  send motor nerve impulses from brain down spinal cord 

PNS
· Spinal nerves, cranial nerves 
· Carries information to and from CNS 



Brain anatomy and function (important)
· 14 days after conception  mesoderm, ectoderm, endoderm 
· 4 weeks after conception  
· prosencephalon (forebrain), 
· mesencephalon (midbrain), 
· rhombencephalon (hindbrain) 
· Week 5 after conception  
· telencephalon, diencephalon  from prosencephalon 
· Mesencephalon, metencephalon, myelencephalon from rhombencephalon 
Structure of brain 
· Occipital lobe
· Temporal lobe
· Parietal lobe
· Frontal lobe
· Cerebral cortex
· Cerebellum 
· Hypothalamus
· Thalamus 
· Pituitary gland
· Pineal gland 
· Amygdala 
· Hippocampus 
· Mid brain 
Ventricles 
· Filled with CSF  produced by choroid plexuses
· CSF  provides nourishment and protection (as shock absorber) 
· 4 ventricles in brain 
· Lateral ventricles  deep in cerebral hemispheres, join third ventricle at diencephalon level 
· Third ventricle  found in diencephalon between right and left thalamus 
· Fourth ventricle  located at level of pons, cerebellum, and medulla 
· Joined by foramen to facilitate flow of CSF in and out of brain 
· Lateral ventricles  connect to third ventricle via interventricular foramen 
· Third ventricle  connect to fourth via mesencephalic aqueduct 
· Median aperture connects fourth ventricle to subarachnoid space (space between pia mater and arachnoid mater) 
· Subarachnoid space  protects brain from mechanical damage  buoyant layer 
Meninges 
· Encase spinal cord and brain  3 connective tissue layers (meninges) 
· Dura mater  outer most  tough connective tissue layer 
· Arachnoid mater  middle layer  Delicate membrane, associated with surface of brain 
· Pia mater  innermost layer  delicate membrane associated with surface of brain 
CSF
· Produced by choroid plexuses of ventricles  escape foramen located in lateral ventricles and fourth ventricle  surround brain and spinal cord 
· In subarachnoid space  drains through meninges  arachnoid villi and into venous circulation 
Cerebrum 
· Characterized by grooves  sulci  form elevated folds  gyri 
· Surface  gray matter
· Deep in cerebrum  white matter 
· Cell bodies collect in groups and form grey areas  nuclei 
· Divided into  left and right hemispheres  by longitudinal fissure 
· Central sulcus  divides cerebrum  anterior and posterior parts  marks division of frontal and parietal lobes 
· Lateral sulcus  groove found on each side of brain  delineates temporal from frontal and parietal lobes 
· Posterior part of cerebrum  occipital lobe 
· Precentral gyrus  part of frontal lobe adjacent to central sulcus 
· Upper motor neurons  sends axons down through brain and spinal cord  synapse on lower motor neurons 
· Lower motor neurons  leave spinal cord as PNS  innervate skeletal muscles at neuromuscular junctions  precentral gyrus  involved in voluntary movement 
· Postcentral gyrus  somatic sensation from receptors all over body 
· Temporal lobe  neurons for interpretation of senses 
· Occipital lobe  important for visual stimuli 
· Nuclei deep to surface of cerebrum  basal nuclei and limbic system 
· Frontal lobe  voluntary motor control of skeletal muscle, personality etc.
· Parietal  muscular sensations, speech 
· Temporal  auditory sensation, memory and visual experiences 
· Occipital  focusing eye, correlation of visual images 
· Insula  memory and pain 
Basal Nuclei 
· Upper motor neurons of motor cortex send axons  synapse on basal nuclei 
· Once axons come in  impulses  head to different areas of basal nuclei  eventually relayed to thalamus (diencephalon) and cerebellum (metencephalon)
· Thalamus and cerebellum  send signal back to motor cortex  accessory motor system 
Limbic System
· Emotions, behavior, motivation, long term memory and smell 
· Gyrus, amygdala, hippocampus, septal nuclei, anterior insula 
· Hypothalamus and thalamus 
· Once called rhinencephalon “smell brain”  processed olfactory sensory information 
· Critical for emotional drives  forms complex connections with thalamus and hypothalamus 
· Aggression, fear, feeding patterns, sex drives, reward and punishment 
· Hippocampus  implicated in memory 
Diencephalon 
· Hypothalamus 
· Thalamus 
· Thalamus and cerebral cortex connection  motor and sensory pathways 
· Thalamus  gets sensory information from body and passes it to postcentral gyrus of cerebrum 
· Relaying sensory information through thalamus  interpretation of sensation based on previous experience  crude sensation 
· Hypothalamus  controller of involuntary functions
· ANS and endocrine system 
· Body’s thermostat  homeostatic feedback mechanism 
· Induces vasoconstriction in blood vessels  decreases blood flow to surface of body  blood loss and inhibits exocrine sweat glands  preventing sweat & further heat loss 
· To decrease temperature  hypothalamus  vasodilates surface of blood vessels – induces sweating  increases heat loss from body 
· Hunger and thirst center 
· Contribute to emotions and behavior with limbic system 

Mesencephalon
· Midbrain 
· Connects pons and cerebellum with diencephalon 
· Corpora quadrigemina  visual auditory reflexes 
· Cerebral peduncles  ascending descending tracts 
· Red nucleus  connect cerebrum and cerebellum  involved in motor coordination 
· Substantia nigra  motor circuit  dopaminergic nigrostriatal system 



Spinal cord anatomy and function (focus on function)

Autonomic vs somatic nervous system

Parasympathetic vs sympathetic nervous system

Adrenergic vs cholinergic stimulation

Unit 11
Lung anatomy + microanatomy and function
Gas transport
Environmental Responses
Laws + terms
Unit 12
GI tract anatomy + function
Terms + diseases
Enzymes and hormones
Absorption + digestion of nutrients
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Table 1.2 - List of the Anterior Pituitary Hormones and their functions
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GH Most Tissues  Promotes protein synthesis and growth
ACTH  Adrenal Cortex T Secretion of glucocorticoids
TSH Thyroid T Secretion of thyroid hormones.

Prolactin  Mammary Gland Promotes milk production

(mainly)
FSH Gonads Promotes gamete production and estrogen production in females
H Gonads Promotes sex hormones secretion. In females promotes ovulation and

‘corpus luteu formation; in males stimulates testosterone production
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Table 1.3 - List of the Posterior Pituitary Hormones and their functions
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ADH Kidneys Stimulates water retention

Oxytocin  Uterus and Mammary  Stimulates uterine contraction during parturition and milk efection
Glang. during lactation
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