PHYSIOLOGY FINAL REVIEW
***About 95 Questions***
Respiratory System

Nose, pharynx (Naso, Oro, Laryngopharynx)  ***Know the parts and functions***

Nasal Cavity – ***Know Importance and Function ***
Concha, olfactory organs for warming and smell ***Know the function of the concha***
Internal Nares to nasopharynx …Eustachian tubes (equilibrate pressure at tympanic membrane between external and internal ear ***Know the passage way***
Oropharynx – Mouth opens to the pharynx 
Laryngopharynx – epiglottis (separates), 
Trachea
True/False Vocal Cords ***Know how to produce sounds – sounds produced when air moves out of trachea  & Know how high pitch vs. low pitch sounds are generated***
Nasal cavity: Has mucus, ciliated cells beat to move products …Pharynx beat upwards to expel mucous.
Trachea:  Supported by cartilage rings (incomplete hyaline cartilage  rings). Esophagus is behind (that’s why cartilage rings are incomplete)…Cartilage is used to prevent collapse of trachea.  The bottom of trachea is the carina (high concentration of receptors).  This can stimulate forceful coughing to expel material.

Primary Bronchi (L and R – still has rings) *** Know the structure***
Respiratory Tracheal/Bronchiole Tree:  ***Know parts of conducting system (last portion of the conducting zone is terminal bronchioles)  ***Know parts of respiratory Zone (respiratory bronchioles is 1st part)…Respiratory cells open into aveolar ducts then alveolar sacs and alveolar sacs are made of several alveoli ***
Respiratory Tree:  SA (Surface area) increases down the tree for gas exchange.  Cartilage disappears as you go down the tree.  In the deeper portion, smooth muscle present disappears in some places.  Part of the tree has smooth muscle but no cartilage (can constrict and obstruct air flow).  Spasmodic contractions of asthma can cause problems (constriction of bronchioles).
Respiratory portion and alveoli: Type 1, 2 cells – Type 1 = gas exchange.  Type 2 = makes surfactant.  Surfactant decreases surface tension in the alveoli.  Alveolar macrophages are called dust cells.  

Layers of diffusion: CO2 molecule in pulmonary circulation moves out of capillaries… *** Know the pathway*** Endothelial Cell (1 layer) – Basement Membrane of  Capillaries – Alveolus Basement Membrane (Alveolus has thin membrane – 1 layer)  – Type 1 Pneumocytes – Alveolar Air.    The pathway is different for Oxygen (opposite that of CO2)
Alveolar Air – Oxygen first needs to solublelized in aqueous environment to diffuse.

***There will be a list of Formulas – Matching section of laws covered this trimester on exam***

Human Breathing:  Humans are – (negative pressure) breathers.  We generate – pressure to bring in air. 

Boyles Law: Pressure and Volume in closed system (Boyle’s Law) = Pressure and Volume inversely related.  Decrease Volume will increase pressure and vice versa.
Alveolar and Transpleural Pressure:  Pressure in the Alveoli and Transpleural pressure (pressure between chest wall and the lungs).  Visceral pleura lines lungs and parietal pleura lines body wall.  Transpleural pressure is always negative (sub-atmospheric or below atmospheric pressure). Alveolar pressure changes.  During inspiration, pressure is below atmospheric.  During expiration, it is above atmospheric.  During inspiration the volume in the thorax increases and pressure decreases.
Pneumothorax:  Pneumothorax is puncturing of wall and collapse of lung due to equating of pressure.  .

Laplace’s Law:  Deals with radius of a vessel (alveoli), tension on the wall of vessel and the pressure within the vessel.  Critical closing pressure = at low radius the wall can collapse at a particular pressure.  Alveoli have different diameter.  Smaller vessels with lower diameter (smaller alveoli) have greater tendency to collapse due to small radius and large pressure.  Surfactant decreases surface tension and can allow alveoli to perform their function even with small radius.  Surfactant is dependent on surface area.  
Quiet & Forceful Breathing:  Quiet inspiration is due mostly due to diaphragm contraction (phrenic nerve).  Quiet expiration is due to passive process.  Inspiration is under neuronal control.  Quiet expiration relies on elasticity of lung tissue to recoil back to generate + pressure and expel air.  Forceful inspiration due to: ext. intercostals, SCM, etc.  Forceful expiration due to: rectus abdominus, transversus abdominis & obliques (internal and externa).  

People with decreased elasticity need more work to exhale (barrel chest).  
Volume and Capacities:  ***Will be on finals, boards, and physio 3 finals…There will be calculations on the phsyio 2 final***

1. Functional Residual Capacity is the sum of 2 volumes (ERV + RV).  RV cannot be directly measured by respirometer!  

2.  Vital capacity is the sum of (TV + IRV + ERV) or tidal volume + 2 reserve volumes.
During exercise, residual volume doesn’t change but tidal volume changes.  TV (tidal volume) eats away from respiratory reserve volumes during exercise.
Obstructive and Restrictive Disorders: 2 types of disorders Obstructive and Restrictive.    I
Obstructive:   Increases in Residual Volume (Obstructive).  Obstructive can’t exhale, but can inhale (gas fills lungs with CO2, but can’t leave) so you expect to see increase in residual volume due to inability to expand (decreased recoil due to decreased elasticity – it stretches but doesn’t snap back).    

Restrictive:  Mama Bear sits on chest and lungs can’t inflate (shallow breaths – restrictive – she restricts ability to ventilate).  Decreased compliance due to scar tissue & fibrosis will cause restrictive problems.  All volumes and capacities will decrease
 Blood Flow to Lungs:  Double Blood Supply to Lungs ***Know Blood Flow to Lungs***
3 Zone of the Lungss: 1, 2, 3, -- Corresponds anatomically to apex, middle and base of lungs (Zone 1 is the apex of lungs at the top)…Standing up 1, 2, 3.  3rd Zone flow pressure is low and perfusion low.  Perfusion is greatest at the base of the lungs (where the pressure difference is greatest).  Ventilation-perfusion ratio is lowest at the base.  Increasing the ratio (increase the numerator).  The formula for ventilation perfusion is (V/Q).  There is good ventilation but poor perfusion (at apex). 
Shunts and venous admixture:  Types of Shunts: Physiologic, Anatomic… Left to right, Right to left (leads to hypoxia and O2 therapy won’t improve condition – bypasses lungs)

Pousielle’s Law:  Pousielle’s Law = Deals with Resistance depends Radius, viscosity,  and length of vessel.

Hypoxia and Location:  Hypoxia (muscle works hard) in systemic circulation will vasodilate.  Hypoxia in pulmonary circulation will cause vasoconstriction (ex. – Pneumothorax – body won’t send blood to collapsed lung)
Decreasing Resistance through Pulmonary system:  Increasing cardiac output and want to decreased resistance…Want it easier to get blood to lungs.  2 methods of decreasing resistance in the pulmonary circulation 1). Recruitment (perfuse more capillaries) 2) Distension 
Pulmonary edema is due to Left Heart Failure (left is not pumping very hard and blood backs up into pulmonary side).
Systemic edema is due to Right Heart Failure (Can’t pump from systemics to pulmonary and blood backs up in the systemic side)
Formulas:

1. Boyle’s Law: Pressure and Volume are Inversely Related
2. Daltons:  Partial Pressures (gas mixture)…Pressure is proportional amount in the mixture. In normal air, Nitrogen is 80% of air – 80% of air pressure is nitrogen – O2 is about 20% (20% is its partial pressure)- CO2 is less than 1%

3. Henry’s Law: Solubility of gases in mixture.  CO2 is more soluble in aqueous environment.  O2 must be carried in bound form in blood.

Respiration (External, Internal and Cellular):  External Respiration is gas exchange is across the alveoli (pulmonary capillaries).  Internal is gas exchange across the systemic capillaries.  Cellular is across the cells.

Hemoglobin and Hemoglobin Saturation Curve:  O2 is bound to Hemoglobin. There are 4 subunits with on Hemoglobin.  Each one holds one molecule.  Hemoglobin is allosterically modulated. Co2, pH, temp, 2,3 BPG all impact hemoglobin and the curve.
***Know graph of Hemoglobin saturation*** Decreased affinity shift curve right vs. increase affinity shift curve left.  
Examples:  

Muscle works hard, wants to dump oxygen, decreases affinity = right shift.  
Muscle works hard, increased temp, decreased affinity & dumping = right shift.  
Buildup of CO2 decreases affinity and promotes dumping = right shift. 
Lactic acid (acidity) decreases affinity promotes dumping = right shift.  
High 2,3 BPG concentration  promotes dumping decreased affinity = right shift 

Low proton concentration increases affinity (no dumping) = left shift.  
High pH increases affinity and no dumping = left shift.  
Fetal hemoglobin (higher affinity than adult hemoglobin), no dumping  = left shift
***Know Bohr Affect, Haldane Affect and Hamburger Shift***
1. Bohr Affect =  pH affect on hemoglobin affinity

2. Haldane Affect = CO2 affect on hemoglobin affinity
3. Hamburger shift = Chloride Shift.  
a.. Chloride moves into the systemic capillaries (into RBC’s) .  Chloride moves with CO2.  Chloride is exchanged form bicarbonate.  Bicarbonate moves out of the systemic capillaries.
b.  In the pulmonary (alveolar) capillaries (follow Co2).  Bicarbonate moves into the alveolar capillaries, Co2 moves out in the aveoli, Chloride moves out in the alveolar capillaries.
Regulation of Respiration:  Brain Centers are located in the medulla and pons.  Rhythmicity center is in the medulla.  Apneustic area and Pneumotaxic area is in the pons.  Dorsal Medulla (promotes inspiration) Ventral Medulla (promotes expiration) .  At normal breathing, the active area is dorsal Inspiratory center.  We need neuronal stimulation for this to occur.  Expiratory center is not active during quite breathing because this is a passive process via elastic recoil.   Inspiratory center has autorhythmic neurons (active  for 2 seconds promoting inspiration and quite for 3 seconds promoting expiration). Forceful inspiration and expiration will have both centers/nuclei or the medulla working.  Pneumotaxic center limits inspiration (stops it).  Apneustic center (promotes inspiration).
Chemoreceptors:  Central (within brain and CNS) detect pH and CO2 but not oxygen.  Peripheral detect all 3 (pH, CO2 and oxygen).  The major stimulus for breathing is CO2.  Peripheral chemoreceptors are located in the aortic arch and carotid bodies.  Vagus and glossopharyngeal nerves are involved.
Herring – Breuer’s Reflex:  Stretching of the lungs promotes exhalation (preventing over-inflation)
GI

Layers of the GI:  Mucosa, Submucosa (Meissner’s Plexus found in Submucosa), Muscularis (Auerbach’s found in Muscularis),  Serosa
***Know the layers and the functions***
Esophagus:  Esophagus is suspended by adventitia.  4 layers, mucous secreting, performs peristalsis, has upper and lower sphincter, NO absorption takes place just secretion
Greater and Lesser Omentum (curvatures of the stomach), Mesentery (suspends the small intestine), Mesocolon (suspends colon)

Processes of the Mouth:  Mechanical Digestion of the mouth = Mastication.  Swallowing is known as deglutition. No absorption takes place just secretion.
Secretions of the Mouth:  From Parotid, Submandibular and Sublingual Glands
1. Parotid secretes aqueous part of saliva.  
2. Submandibular and Sublingual Glands of mouth make mucus.  

Enzyme of the Mouth:  Salivary amylase digest carbohydrates.  Ptyelin is the old name for salivary amylase.  Lingual Lipase is activated in the stomach but produced in the mouth.  

Saliva/Salivation:  Saliva is more basic (bicarbonate in it) relative to plasma.  Saliva is hypoosmotic.  Salivation is only under neuronal control.  

*** Know how sphincter control works***
***Processes of the Mouth*** -- No absorption just secretion in the mouth.

Stomach anatomy:  3 layers of muscles.  Ruggae are folds.  Fundus, Body, and Pyloric Region, etc.  
Stomach Secretions:  Parietal Cells Secrete HCl, Intrinsic Factor.  IF (intrinsic factor) is important for B12 absorption in the ileum by receptor mediated endocytosis.  Protons are pumped into the lumen via sodium-proton pumps. Bicarbonate is picked up in the gastric capillaries.  Chief Cells secrete (gastric lipase and pepsinogen). Pepsinogen digests protein (peptides).  Pepsinogen is the inactive form .  HCl  activates it (pepsinogen)into active form (pepsin).  Gastric Lipase activity decreases with age.  Gastric Lipase works on milk and butter fat.  Stomach secretes hormones gastrin released by G Cells.  Gastrin increases stomach activity, stomach motility and secretions.  

Mechanical Digestion in the stomach: Churning and Retropulsion are movements specific to the stomach.  Some absorption occurs in the stomach.
Absorption in the Stomach:  We absorb fluid, water, electrolytes, alcohol ***Know what is absorbed in the stomach***
Cephalic Phase: Mouth stimulates stomach secretions and motility in the stomach by neuronal means (only neuronal stimulation – parasympathetic).  Epinephrine and Norepinephrine inhibit stomach but acetylcholine stimulates (acetylcholine is released by parasympathetic stomach). 
Gastric Phase: Gastrin is the major hormone.  Neuronal and hormonal Control. 
Intestinal phase:  Inhibits stomach activity by sympathetic nervous system.  Hormones from small intestines: 1. CCK (inhibits motility) 2. GIP (inhibits motility and secretions of stomach) 3. Secretin (inhibits secretions)

Pancreas: The pancreas is an exocrine and endocrine gland.  Endocrine = secretes hormones vs. Exocrine function = secretion of bicarbonate and enzymes.  Pancreatic amylase, pancreatic lipase, pancreatic proteases (the major proteases is trypsinogen) are released.  Trypsinogen activates all other of the proteases (chymotripsinogen, etc.)  Trypsinogen activated by brush border enzyme (enterokinase).  Lack of enterokinase will give you problems digesting proteins.  Trypsinogen is then made to trypsin.  Trypsin activates all other enzymes.   DNA ase and RNA ase are made & released by the pancreas.  Pancreas makes bicarbonate to neutralize acidic chyme because acidity destroys/denatures the enzymes.  Exocrine function is stimulated by parasympathetic function.  
Hormones:  CCK, GIP, & Secretin are released by small intestine into the circulatory system (NOT LUMEN). 
1.  Secretin is stimulated by acid (acidic chyme).  Secretin inhibits secretions of stomach.  It tells the pancreas to release bicarbonate and the gallbladder to release bile rich in bicarbonate.  


2. CCK is stimulated by fats and proteins.  Stomach is told to inhibit motility (decreased motility).  Pancreas is told to make enzymes to digest food.  Liver gallbladder releases bile salts to emulsify.    CCK stimulates enzyme release.  It stimulates contraction of gallbladder and relaxation  of sphincter of ODI.  

3. GIP (see above and see notes)
***Know the hormones & enzymes.  Know the location of production, the function, and the area where they work at***

Pancreas secretes bicarbonate and bicarbonate is dumped into the lumen of the ducts.   Ductal cells produce Bicarbonate. Acinar cells make enzymes.  Bicarbonate is picked up by the duct & protons are uptaken by the pancreaticcapillaries and this causes local acidification of the pancreatic capillaries.  
Bile Salts:  The precursor for bile salts are cholesterol.  Bile salts are recycled.  

Liver:  Has Sinusoids capillaries.  Liver has portal system between 2 capillary beds.  1st bed is the GI and 2nd is liver capillaries.  There is oxygen poor blood in hepatic portal vein that is nutrient rich.  Liver is the key to metabolism.  

Small Intestines --  Enzymes in brush border:  Has enzymes to digest carbs (dissacharidases break down disaccharides into monosaccharides), proteases/peptidases (aminopeptidase – clip off amino acids), but NO lipases in brush border.  There are also nucletiode enzymes  in brush border (for removal of phosphate and ribose)  We absorb the phosphate and sugars.

Crypts and Paneth Cells:  Crypts of Lieberkuhn…Paneth cells are deep in the crypts….Phagocytosis occurs in the paneth cells.  Bacteria can evade lysozyme to reach the stomach.  The bacteria must then deal with the acidity of the stomach.  The bacteria must then survive the small intestines Paneth Cells to survive.  If the bacteria survives, it will enter the portal system and liver.  The liver uses Kuffper cells to protect against further contamination.
Small intestine movement:  Segmentation (mixing movements) and MMC (migrating motility complexes)  help to move food (slow long peristalis emptying the Small Intestine)
Small Intestine Absorption:  The greatest digestion of everything occurs in the small intestine.  The greatest absorption of everything is in the small intestine.  
Absorption of monosaccharides (glucose, fructose and galactose) occurs.  
1a. On apical sides by 2nd active we absorb glucose and galactose.  
1b. We absorb fructose by facilitated diffusion on apical side.  
2. All are picked up on baso-lateral side by facilitated diffusion.   Ultimately, the nutrients will enter the portal system.  

We have sodium absorption, by 2nd active transport in the small intestine.  We can absorb proteins by 2nd active transport.  
1. Monopeptides are absorbed with sodium.  

2. Dipeptides & tripeptides are absorbed with protons.   Dipeptides and tripeptides are broken down into monopeptides and those leave the cell by diffusion.
Fatty acids (short chain diffusion on both sides).  Longer fatty acids absorbed by diffusion.   Exocytosis is performed on the basolateral side.  Chylomicrons are picked up by lymphatics.  1st organ were triglycerides seen is the heart.  Lymphatics drain to subclavians and triglycerides first appear in heart.
***Know what is absorbed, where it is absorbed and what processes are used***

Colon:  Unique movements (Haustral Churning).  Major function of colon is water absorption.  No enzyme release in colon.  Bacteria continue to digest.  Bacteria are useful to provide with Vitamin K (clotting of blood) and other materials.  
Metabolism:

***Know definitions: endo vs. exergonic, oxidation, reduction, releasing energy vs requiring energy***

NADH, FADH2 are reducing factors…NAD+ is the oxidized form and NADH is the reduced form.  The fuel is glucose and the energy is ATP.

Pyruvate to Lactate = Anaerobic Respiration.  (Glycolysis occurs in the cytosol)
In the presence of oxygen, pyruvate enters the mitochondria and enters the TCA cycle.  The role of the TCA is to produce reducing factors.   Reducing factors donate electrons to the electron transport carriers.  The carriers are on the inner membrane (Complex 1-4).  Protons pumped out and back.  ATP is synthesized.
Electron Acceptor =  Oxygen 

Products = Water (Metabolic water is synthesized) & ATP
Key molecules:  Glucose, Acetyl CoA, Pyruvate, Lactate, etc
Terms and Processes:
*** Know terms…Don’t be confused***  Glycogenesis is promoted is in the absorptive state and stimulated by insulin. Lipolysis is stimulated by glucagon.  Gluconeogenesis is stimulated by glucagon in postabsoptive state.

BMR & Metabolism:

BMR (Basal Metabolic Rate)– thyroid hormone increases metabolic rate

1. Eating big lunch increases metabolism
2. Sleeping decreases metabolism

3. Age decreases metabolism

Metabolism is measured directly and indirectly (O2 use and CO2 production).
Temp. Regulation: Thermostat is in the hypothalamus … Also, (Satiety Center) is in the hypothalamus

4 methods of Heat Gain/Loss: radiation, conduction, evaporation, convexion…Sweat is our major method of heat removal.
Peripheral Thermoreceptors – External: Abundance of cold receptors vs. Internal:-\ Abundance of heat receptors…Hypothalamus senses stimulation of Pyrogens – “Feel Cold Shivers” – Core temp is too low and hypothalamus wants to increase temp.  A person shivers to generate heat.  Also, peripheral vasoconstriction to maintain heat.
Endocrine
***Know Hormones, Locations and Functions…Know the process by which water soluble vs. lipid soluble work***

***Know Hormones, Water Soluble vs. Fat Soluble Hormones, Kinases vs. Protein Expression, Up or Down Regulation***
2 Neurohormones released by posterior pituitary = Oxytocin and ADH…Oxytocin has + feedback (only hormone to do so).  Oxytocin targets the uterus and mammary glands.  ADH target organ is the kidney and promotes water reabsorption.  They work at the collecting ducts via prinicipal cells and aquaporin 2.
Diabetes:  Diabetes insipidus has low levels of ADH (pee out water) vs. Diabetes Mellitus (high levels glucose and can have glucosuria)

Portal System:  Hypothalamus sends releasing and inhibiting hormones to the anterior pituitary via the portal system. The releasing and inhibiting hormones are only in the hypophyseal portal system of the body.  

1. Growth Hormone: Stimulates growth of bones, cartilage and connective tissue.   Stimulates liver to release Insulin Like Growth Factors.  Growth Hormone is diabetogenic (increases glucose levels in the body).  Growth Hormone is released at night.  We have high levels of growth hormone after birth and during puberty, but after puberty growth hormone decreases over the remainder of the lifespan.

1. High Levels of Growth Hormone after puberty = Acromegaly 

2. High levels of Growth hormone before puberty = Gigantism
3. Low levels of growth hormone before puberty = Dwarfism
2. Prolactin – target mammary gland (milk synthesis and production)

3. Oxytocin: Milk let down (ejection)
4. ACTH: Released by ant. pituitary…Targets adrenal cortex.  Synthesized from POMC precursors.
5. MSH: High levels hyperpigmentation (also comes from POMC precursor)
6. TRH: Stimulates production of TSH

7. TSH: Stimulates thyroid gland to produce thyroid hormone
8. FSH : Males (Sperm Production) – Females (follicular growth)

9. LH:  Males: testosterone by Leydig cells in testes – Females: Ovulation and Corpus Luteum 

10. Progesterone:   Corpus Luteum makes Progesterone
11. Melatonin

12. T3, T4:

13. Calcitonin:
14. Parathyroid:
Embryological Development and Melatonin:  Diencephalon Roof – Epiphysis – Pineal Gland (releases melatonin) – Melatonin functions to fine tune internal biological clock and circadian rhythm.  Darkness stimulates release of hormone.  Melatonin promotes sleepiness.  Jet lag and SAD deal with melatonin problems.
Thyroid Gland :  Release T3, T4 and calcitonin…More potent form is T3 and T4 is released in greater amounts.     ***Know process of how hormones are made and released with iodine***

Effect of thyroid hormone:   Increased metabolism, Increased cardiac function, Increased sodium-K+ ATP ase activity, Increased breakdown of brown adipose tissue (heat production), and increased respiratory function.  Thyroid hormone is calorigenic due to increase rate of metabolism. 

Hyperthyroidism: Graves (exopthalamus, hyper-reflexia, warm sensations,)
Calcitonin: Parafollicular cells decreases calcium by activating osteoblasts.
Parathyroid Hormone: Targets bone, kidney and GI…
1. Bone (osteoclasts targeted – increases calcium)

2. Kidney – Distal convoluted tubule targeted (retains/reabsorbs calcium).  Also stimulates enzyme to make D3 (calcitriol) 
3. GI -- Calcitriol (active D3)  promotes absorption in GI. 
 PTH decreases levels of phosphates. 

Adrenal Glands: Medulla is modified sympathetic fibers (neuronal origin) with release of epinephrine and norepinephrine.  

3 layers of cortex: 

1. Zona glomerulosa (aldosterone & mineralocortiocids)… Aldosterone works at the nephron (DCT).  It does 3 things sodium reabsorption, potassium secretion, proton secretion.  It affects the principal cells (sodium and potassium) & intercalated cells (affecting pH)
2. Zona Fasciculata:  Cortisol increases glucose.  It inhibits inflammation.  It is important for normal growth.  Released during stress by energy mobilzing.  

3. Innermost Layer (?):  Androgen are masculizing hormones.  The major one is DHEA.  

Lipid soluble Steroids with cholesterol precursors.  

Low levels of corticoid hormones is known as Addison’s Disease.
Pancreas:  Insulin, glucagon, somatostatin

Somatostatin is the same as GHIH secreted by hypothalamus and pancreas..  It inhibits both insulin and glucagon.

Insulin secreted by beta, somatostatin by delta, glucagon by alpha. 
***Know absorptive and post-absorptive state)***
Eicosanoid:  prostaglandins, prostacyclins., leukotrienes, etc.  
Renal
***Know the Anatomy and Blood Flow of the Kidney*** 
***Know parts of nephron & filtrate Flow*** –– Bowman’s Capsule – PCT – Loop of Henle – DCT – Collecting Ducts – Papillary Ducts – Minor Calyx  - Major Calyx– Renal pelvis – Ureters – Bladder – Urethra – Toilet (Peeing)
Detrussor: The muscle of the bladder that aids in removing the content of the bladder….Trigone is not a muscle within the bladder.
Micturition Reflex: Performed by the Sacral Cord.  Reflex for peeing.  Feel the stretch of the bladder and initiates a reflex to remove its contents.  
2 types of nephrons: Most abundant (cortical) – juxtamedullary (concentrate urine – long loops of Henle)

Glomerulus:  Has fenestrated capillaries & has podocytes.  The  1st capillary bed performs filtration.  Forces affecting filtration: ***Know the forces that Affect Filtration,  Filtration Rate and Formulas***

BHP(Blood Hydrostatic Pressure) = promotes filtration
Capsular Osmotic Pressure = promotes filtration

Blood Oncotic Osmotic Pressure = Promotes reabsorption

 Capsular Hydrostatic Pressure = Promotes Reabsorption
Kink in Ureter hydrostatic pressure in capsule increases = Promotes reabsorption
Afferent and Efferent Arteriole:  

Vasoconstriction of the efferent arteriole increases rate

Vasoconstriction of the afferent decreases rate of filtration

Renal Auto-regulatory Mechanism:  1. Myogenic (stretching of afferent arterioles causes vasoconstriction)  2. Tubuloglomerular (inhibit NO a vasodilator to and induces constrict)

The Juxtaglomedular apparatus consists of the ascending limb of the loop of Henle and the afferent arteriole (macula densa cells – detect high concentration and fast filtration)

.
Proximal Convoluted Tubule PCT:  ***Know the cells of the PCT and Method of Transport into/out of the PCT*** Cells in the PCT have microvilli for reabsorption.   The greatest amount of reabsorption occurs in the PCT.  Basolateral side has Na+/K ATPase which pumps sodium out of the cell.  There is decreased sodium in the cell.  2nd active transports drives glucose in (picked up by peritubular capillaries).  Secretions in the PCT are acid.  Bicarbonate is reabsorbed.
Osmotic Pressure & Water in the PCT:  Osmotic pressure moves water following salt gradient.  Water is reabsorbed by obligatory means in the PCT (aquaporin 1).  Osmolarity of filtrate is isoosmotic to plasma at this point!  
Descending limb:  Has no pumps.  Passive movement of solutes and water occurs.
Ascending Limb:  Thick portion Sodium Potassium ATPase present. Sodium pumped out.  1 molecule of sodium moves 2 chlorides.   This causes negativity in the interstitium and peritubular capillaries.  The – charge is used to reabsorb. Water Cannot follow in the Ascending Limb!  As filtrate moves out, osmolarity is hypoosmotic.

Highest Osmolarity:  Highest is the tip of the loop of Henle.

Lowest Osmolarity:  Lowest is in the ascending limb of the loop of Henle.

DCT: Parathyroid stimulates calcium reabsorption. Still have sodium potassium ATP ase to pump.  We start regulating in the late parts of the nephron.
Collecting ducts:  2 types of cells: 
1.Principal Cells:  Are a target of ADH & Aquaporin - 2.  Water is reabsorbed by facultative absorption.  High osmolarity should be in the medulla to reabsorb.  This draws water/reabsorbs water moving it to the medulla.  Aldosterone  targets principal cells for Na+ reabsorption and K+ secretion.

2. Intercalated cells: Deals with pH (H+ and Bicarbonate).  We can actively secrete into collecting ducts and PCT.    Aldosterone targets the intercalated cells for acid secretion.  
Secretion vs. Excretion:  Secretion is active dumping into the filtrate vs.  Excretion is getting it out (out of the body).

Measurements:

1.  Measurement of Filtration:  Use inulin (injected and cathetered) or creatinine
2.  Measurement of reabsorption – glucose 
3. Measurement of Secretion -- PAH
Transport max is exhibited by glucose.  Once you saturate carriers you will reach a transport maximum.  
Countercurrent and Urea Cycle:  Hyperosmolarity in the deeper medulla is by countercurrent multiplier and the urea cycle.  

Fluid Balance:  Water is mostly in intracellular fluid.  The major compartment of extracellular fluid is interstitium.  Major cation in extracellular fluid  is sodium. The major anion of the extracellular fluid is chloride. 

Water Gain and Loss:  Water gained by GI and metabolism (metabolic water).  Water loss by excretion (major means) and perspiration.
Fluid Shifts:  ***Know if fluid is gained/lost, where it is gained/lost, and why it is gained/lost)
1. Drink Gatorade (water and salts): a. Gain volume b. Osmolarity of ECF doesn’t change c. No fluid shift (fluid does not move between extra and intracellular Fluid)
2. Distilled Water: a. Fluid gain of ECF b. Osmolarity decreases in ECF C. Fluid Shift as water moves into intracellular fluid  (swelling of the cell) 

3. Hemorrhage or Diarrhea: a. Fluid lost b. Volume decreases in ECF  c. No change in osmolarity (No fluid shift between compartments) 

4. Hypotonic urine & sweat: a. lose volume and retain salts b. ECF increases in osmolarity (salts retained) c. Fluid shift as fluid leaves cells (cells shrink)

Plasma pH & Renal pH with Compensation (Metabolic vs. Respiratory)  

1 Atkin’s Diet: a. Causes Acidosis ( Metabolic) b. Kidneys secrete protons (dumped/secreted into the tubules to get rid of via excretion and reabsorb filtered bicarbonate and make new bicarbonate by deamination of glutamine).   
2. Vegetarian: a. Causes alkalosis b. Kidneys decrease release of protons & bicarbonate is lost to the filtrate (Decreased levels of aldosterone occur systemically to decrease acid secretion & excretion)
Metabolic alkalosis: Compensation for metablolic alkalosis is by respiratory method (hypoventilation)…CO2 will have to increase via hypoventilation to compensate
Metabolic Acidosis:  Compensation for metabolic acidosis is hyperventilation.  Attempt to breathe faster to decrease CO2.
Metabolic alkalosis or acidosis:  Bicarbonate is measured to determine extent of condition
Respiratory alkalosis or acidosis:  CO2 is measured to determine extent of condition
Filtered Bicarbonate (old) vs. Secreted (New):  Old bicarbonate is reabsorbed from filtrate (saved and not released).  New bicarbonate is made from metabolic processes (deamination of glutamine) and is made in the cytosol.  Bicarbonate is exchanged for chloride.  Bicarbonate is secreted under alkalosis.  Bicarbonate is reabsorbed and made under acidosis.
