Lecture 1: Body fluids/Intro to Renal Physiology

1. overall fuctioning of the kidney

a. main ECF volume

b. appropriate solute concentration in ECF

c. eliminate wate

d. make glucose and generate NH3

e. produce/modify regulatory homones – Epo

2. The volume and ionic composition of the major fluid compartments in the body

a. ICF = 2/3 fluid volume, ECF (IVF + TCF + ISF) = ½

b. About 60% of body weight is water (42L in 70kg person)

c. Volume in compartment determeined by 2 factors:

i. The # of solute particular determines how much fluid is in a compartment (colligative)

ii. Hydrostatic pressure

iii. Ions


Plasma

ISF

Cell                                                                                                                            

Na+

      
142   
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K+
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Cl-
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4

HCO3-
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3. How the body maintains a constant volume and composition of body fluids

a. ECF volume: Na, Cl, ICF volume: K, organic anions

b. Idea of set point (sensors, mediators, effectors) 

4. Define the role of epithelial cells in fluid and electrolyte balance

a. GI epithelia determine the composition of ECF

Lecture 2: Glomerular Filtration Physiology (eLecture)

1. How does the kidney form the primary filtrate?

a. Hydrostatic pressure in the glomerular capillaries forces blood plasma across the filtration barrier (fenestrae of the endothelail cells ( basement membrane (  slit membrane o the foot processes of the epithelial cells) into Bowman’s space

2. Factors that are responbiel for driving filtration

a. Size, radius 50ka, 14A

b. Charge – negatively charged molecules stay in blood

c. Shape – rod pass more easily than spherical

3. Factors that control the GFR (Kf ((P-(())

a. Hydraulic pressure – generated by the heart

b. Colloid osmotic pressure – aka oncotic pressure

c. Filtration coefficient – permeability of the filtration barrier and the filtration surface area

d. Blow flow: increase flow, increase GFR b/c colloid osmotic pressure is inversely proportional

e. Autoregulation **GFR and Renal Blood Flow are constant between arterial pressure of 80-200**

i. Mechanism: (afferent arteriolar resistance, (in resistance of the efferent arteriole

ii. J-G Apparatus: ( delivery to distal tubule ( GFR

1. ( delivery to distal tubule ( macula dense cells detect, release substance ( ( afferent arteriole resistance ( ( GFR

4. Define clearance

a. The amount of plasma that must be cleared of a subtance to account for apperance of that substance in final urine

b. A method of assessing filtration

c. Cin = GFR = concentration in urine x urine flow rate/ concentration in plasma

d. Inulin excretion depends on plasma concentration but GFR does not depend on plasma concentration

i. Only true for a substance that is not reabsorbed or secreted

Lecture 3: Tubule Function: Renal Handling of Na, K, Cl and Glucose

1. Review the overall functioning of each nephron segment

a. Proximal (2/3 reabsorbed)

i. Reabsorb NaCl, glucose, amino acids, water, HCO3-

b. Middle – Loop of Henle (1/4 reabsorbed)

i. Concentrates the urine




Lumen

Fluid Transported

1. Thin Descending: Absorbs water only
hypertonic
hypotonic

2. Thin Ascending: Absorbs NaCl only

hypotonic
hypertonic

3. Thick Ascending:  Absorbs NaCl only
hypotonic
hypertonic

c. Final 

i. Absorbs NaCl and water

ii. ADH regulated

2. Define the role of the proximal tubule in NaCl reabsorption and organic solute transport

a. S1 – beginning of convoluted – lots of mito – tallest cells

b. S2 – rest of convoluted

c. S3 – straight

d. Reabsorbs w/o changing tubular fluid osmolality

i. Cl- ratio of concentration increases as distance along proximal tubule increases

e. Forces responsible for reabsorption

i. Solute coupled water transport

ii. High oncotic pressure of the peritubular capillary 

iii. Na gradient driven transport

f. Water reabsorption

i. Driven by solute reabsorption

1. Highest in proximal, lowest in loop + distal, hormone regulated in ducts

g. Heterogeneity of Glucose Transport

i. S1 – highest capacity, lowest affinity ( S3 – highest affinity, lowest capacity

h. Chloride and Bicarbonate Reabsorption

i. Chloride – as Na+ is reabsorbed, lumen becomes slightly negative which forces Cl- into cell

ii. Bicarbonate – H+ secreted, HCO3 + H+ ( CO2 ( cell ( blood

i. Proteins

i. Pinocytosis – low capacity

ii. S2 – secretes organic ions

iii. Mechanism of organic secretion: blood ( cell coupled by Na+ ( cell to lumen by Cl- exchange (Cl- into cell, organic protein into lumen)

3. Determine how secretion and absorption are measured (clearance)

· differential placement of transport proteins, either on the apical or lumen side sides direction of transport

· absorption can be isotonic or hypertonic to plasma

· secretion can be isotonic or hypotonic to plasma

· energy for ion movement comes from Na gradient generated by the Na/K ATPase pump (usually BL)

· water movement is coupled to salt movement 

Lecture 4: Water Conservation: the concentrating mechanism

1. define and understand countercurrent multiplication and countercurrent exchange

a. anatomy of renal medulla: tubular fluid is flowing in opposite direction thru the ascending and descending limbs

b. functional differences within the nephron segments that allow relatively small horizontal gradients to be magnified in the vertical direction (magnitude of the vertical gradient has increased)

2. explain how a combination of loop structures and differential tubular transport properties come together to generate and maintain high salt and urea renal concentrations in the medulla

a. TDL is highly permeable to water, no Na

b. TAL is highly permeable to Na, not water

c. TALH is not permeable to Na or water

i. Transports NaCl actively

d. Impermeable to urea: DHL, THAL, DT and CCD

e. Permeable to urea: TAL, IMCD

f. Vasa Recta: down: water lost, salt in.  Up: water in, salt out

3. learn about the role of the renal medulla in water conservation

Lecture 5a: Extracellular Fluid I: Water Balance

· how does the body regulate overall water content

· humans can excrete large or small quantities of water independently of solutes

· water excretion is regulated in response to changes in ECF osmolality sensed by osmoreceptors in brain

· what is the mechanism of action of ADH

· inserts water-channels into the apical membrane of the distal tubule and collecting duct ( water re-absorption

· diabetes insipidus – inability to secrete or respond to ADH

· How is thirst controlled

· thirst is regulated in response to changes in ECF osmolality sensed by osmoreceptors in brain

· regulated in response to osmolarity but also blood pressure and volume, turned off by stomach distention

Lecture 5b: Extracellular Fluid II: Blood Volume

· Discuss the fullness of the circulatory system

· normally, blood volume is constant over wide range of intake

· ↑ Na intake: ↑ ECF volume: ↑ blood pressure

· How is the fullness of the circulatory system sensed

· pressure receptors

· The role of Na+ in controlling ECF volume

· Na is the primary determinant of ECF volume

· ECF volume is controlled by regulating the excretion of sodium by the kidney

Lecture 6a: Extracellular Fluid III: Sodium Balance

1. discuss the mediators which control Na+ transport in kidney

2. Identify the effector mechanism which reabsorb Na+ in the nephron

a. sodium excretion is regulated by changing GFR or tubular sodium reabsorption

b. Physical factors – pressure differences across the glomerular filtration barrier

i. volume expansion: ↓ oncotic pressure, ↑ GFR ↓ Na reabsorption

ii. volume contraction (dehydration): ↓ GFR ↑ Na reabsorption
c. Hormonal Factors

i. ↓ NaCl reabsorption: Parathyroid hormone (PT), Prostaglandins, Bradykinin, AFN

ii. ↑ NaCl reabsorption: Aldosterone, Calcitonin, Glucagon, ADH, parathyroid (ThiAL), Aldosterone (DT, CT), Angiotensin

iii. ANF : works opposite of aldosterone, senses increase in volume, allows Na excretion

d. sympathetic nervous system

i. increases with volume depletion ( works to absorb Na
3. learn about the renin-angiotensin-aldosterone system

a. aldosteone is a major factor in controlling Na+ transport

b. Liver ( Angiotensinogen ( (Renin) AngioI ( (ACE) AngioII

c. AngioII: vasoconstriction, increase Na absorption in the PT, stimulates AC to release aldosterone

Lecture 6b: Extracellular Fluid IV: Potassium Balance

1. role of the kidney in controlling ECF K+

a. low K: reabsoption of potassium by the proximal and distal nephron causes a fall in urine potassium

b. high K: reabsorption in proximal, but secretion in distal tubule and cortical collecting duct

c. secretion/absorption mechanism: K enters/leaves driven by Na gradient

2. factors which control K+ transport in the nephron

a. K concentration in lumen of collecting duct

b. pH of ECF and ICF

i. alkalosis: stimulates K secretion

ii. acidosis: inhibits K secretion

c. flow of fluid thru the collecting duct

i. high flow: increased K secretion

ii. low flow: decreased K secretion

1. **effect due to driving force for K to leave the cell**

d. aldosterone

i. cause principal cells of collecting duct to secrete K in chronic state (days)

Lecture 6c: Extracellular Fluid V: Diuretics

1. discuss the common use of diuretics

a. reduce ECF volume to treat hypertension and edema

2. identify the classes of diuretics

a. H+ transport inhibitors (acetzaolamide)

i. inhibits proximal tubule water reabsorption

b. Loop diuretics (K+ wasting; furosemide and bumetinide)
i. block Na transport in the thick ascending limb

c. distal tubule diuretics (thiazides)

i. block Na reabsorption in the DCT

d. collecting duct diuretics (K-sparing; amiloride)

i. inhibit Na+ transport in the CCT

e. osmotic diuretics (mannitol)

i. increasing osmolarity of collecting duct – reduce water reabsorption

1. in diabetes, glucose acts as an osmotic diuretic

3. learn about the sites of action and the effect of Na+ re-absorption in the nephron

a. see above

Lecture 7a: Acid Base Balance I: Lung

1. Understand the importance of body buffers

a. they’re important

2. understand why the HCO3/CO2 system is important in body buffering

a. it is important b/c it is an open system – the weak acid is volatilized by alveolar ventilization which allows the maintenance of physiological pH with greater acid/base insult

3. explore the role of the lung in maintaining acid/base balance

a. ventilate the HCO3- that was produced in tissue as CO2

4. identify disturbances of acid/base balance
cause


fix
a. respiratory acidosis: 


↓ ventilation

HCO3- retention


b. respiratory alkalosis:


↑ ventilation

excrete alkaline urine

c. metabolic acidosis:


ingest strong acid
↑ ventilation

d. metabolic alkalosis:


ingest strong base
↓ ventilation

5. define compensation vs. correction of acid/base disturbances

a. compensatory: 

i. those that occur following a longer period of time after an alteration a/b status

ii. doesn’t address source of problem, but attempts to help

b. correction

i. addresses source of problem (ex. stop cause of vomiting)
Lecture 7b: Acid Base Balance II: Kidney
1. role of the kidney in acid/base balance

a. along with buffer and respiratory mechanisms, the kidney helps to maintain arterial blood pH between 7.35-7.45 ([H+] = 36-45 nM)

b. HCO3- reabsorption in the proximal tubule

c. following an acid load: net H+ ion secretion + regeneration of HCO3=

d. following a base load: net HCO3- excretion

2. how does the kidney excrete acid

a. by recycling bicarbonate into ECF equal to the rate of H+ production to neutralize H+

3. how does the kidney generate new bicarbonate

a. I don’t understand this at all - sorry

4. role of ammonia in acid/base balance

a. strong acids cann’t be excreted in the acidic or HA form

b. for these acids, the kidney excretes NH4+ and the free anion of the strong acid

5. how does the kidney excrete net base

a. secrted into the lumen of the collecting duct where its trapped by the low pH there.
