Renal Physiology – Ch 1 and 2

Questions:

1. Principle cells in the cortical collecting tubule reabsorb Na+ and Cl- and excrete K+ in part under the influence of aldosterone? T or F?


2. The macula densa are specialized tubular cells of the:
A. Afferent arteriole
B. Thick ascending limb of the loop of henle
C. Glomerulus
D. Collecting segment


3. The juxtaglomerular cells of the wall of afferent arteriole secrete renin into the lumen of the afferent arteriole and renal lymph. T or F?


4. Approximately 1/3 of Na+ resorption in the proximal tubule occurs via the paracellular route. T or F?


5. Where is the major site of ammonia production in the nephron?
A. Proximal tubule
B. Loop of Henle
C. Distal tubule
D. Collecting tubule


6. Branches of the efferent arterioles of the juxtamedullary glomeruli enter the medulla and from the vasa recta capillaries. T or F?


7. ___________________________________ proteoglycans produced by the glomerular epithelial and endothelial cells are responsible for the majority of the negative charge that limits filtration of anionic molecules at the level of the glomerulus.



8. Low Cl- levels sensed at the macula densa is a stimulus for renin secretion. T or F?



Questions with answers:




1. Principle cells in the cortical collecting tubule reabsorb Na+ and Cl- and excrete K+ in part under the influence of aldosterone? T or F?
Answer: True

2. The macula densa are specialized tubular cells of the:
Afferent arteriole
Thick ascending limb of the loop of henle
Glomerulus
Collecting segment
Answer: B

3. The juxtaglomerular cells of the wall of afferent arteriole secrete renin into the lumen of the afferent arteriole and renal lymph. T or F?
Answer: True

4. Approximately 1/3 of Na+ resorption in the proximal tubule occurs via the paracellular route. T or F?
Answer: True

5. Where is the major site of ammonia production in the nephron?
Proximal tubule
Loop of Henle
Distal tubule
Collecting tubule
Answer: A

6. Branches of the efferent arterioles of the juxtamedullary glomeruli enter the medulla and from the vasa recta capillaries. T or F?
Answer: True

7. ___________________________________ proteoglycans produced by the glomerular epithelial and endothelial cells are responsible for the majority of the negative charge that limits filtration of anionic molecules at the level of the glomerulus.
Answer: Heparin sulfate

[bookmark: _GoBack]8. Low Cl- levels sensed at the macula densa is a stimulus for renin secretion. T or F?
Answer: True





Renin Angiotensin Aldosterone system: (Review)
· Afferent arteriole contains juxtaglomerular cells
· Juxtaglomerular cells synthesize and secrete pro-renin this is cleaved to form active renin which is stored in granules
· Renal hypoperfusion, (due to hypotension or volume depletion) and increased sympathetic activity are the major stimuli for renin secretion
· Renal hypoperfusion is sensed as decreased afferent arteriolar stretch and decreased NaCl delivery to the macula densa
· This results in renin release
· Renin initiates the conversion of angiotensinogen (renin substrate)  to AT1 
· AT1  (via ACE in lungs)  AT2
· AT2 leads to 
· Aldosterone secretion
· Increased Na+ resorption 
· Increased SVR

Actions of Angiotensin II:
· 2 major systemic effects
· Systemic vasoconstriction
· Sodium and water retention
· Both reverse hypovolemia or hypotension
· Effects are mediated by binding to specific AT II receptors
· AT1 Receptor  vascular and renal tubular actions
· AT2 Receptor  less well understood
· Renal sodium and water retention
· NaCl and H20 retention  plasma volume expansion
· Occurs by 2 mechanisms:
· Direct stimulation of Na+ in the early proximal tubule
· Increased secretion of aldosterone which enhances Na+ transport in the cortical collecting tubule
· Proximal tubule effect of ATII
· Activation of the Na+-H+ antiporter in the luminal membrane
· Stimulation of an inhibitory G protein that suppresses CAMP production (CAMP normally blocks Na+-H+ exchange)
· PIP3  protein kinase C
· Systemic vasoconstriction
· ATII produces arteriolar vasoconstriction (direct effect on vascular smooth muscle)  increased SVR
· Enhanced sensitivity and facilitated release of norepi (exact role unclear)
· Vascular action is mediated by enhanced phosphatidylinositol turnover  DAG  arachidonic acid  prostaglandins (vasodilators) and metabolites of lipoxygenase pathway (vasoconstrictors)
· ATII also plays a role in regulation of GFR and RBF
· By constricting efferent and afferent arterioles (mediated in part by local production of TXA2)
· Both arterioles are constricted, with efferent constriction > afferent; net effect is a reduction in RBF (due to increased renal vascular resistance ) and an increase in hydraulic pressure of the glomerular capillary, which tends to maintain GFR when RAAS is activated by a fall in BP.
· Sensitizes the afferent arteriole to tubuloglomerular feedback
· Constricts the mesangium and thus reduces surface area available for filtration  this will decrease GFR
· Excessive renal vasoconstriction via ATII is minimized b/c ATII also stimulates the release of vasodilator prostaglandins from the glomeruli (this is blocked with NSAIDs). Systemic vasoconstriction may be limited by ATII mediated production of prostacyclin.
· Summary of counteracting effects of ATII
· Decreased RBF  decreased GFR
· Increased hydraulic pressure in glomerular capillary  increased filtration and increased GFR
· Mesangial contraction  decreased GFR

Control of renin secretion:
· Na+  intake  ECF volume expansion  decreased renin (and vice versa)
· Secretion increased with volume depletion
· Secretion increases with sympathetic stimulation (via Beta 1 receptors)
· Volume changes sensed at 3 sites:
· Baroreceptors (wall of afferent arteriole)  respond to strech
· Cardiac and arterial baroreceptors
· Regulate sympathetic activity
· Macula densa (early distal tubule)
· Macula densa responds to Cl- (due to Na-K-Cl cotransporter in this region)
· Activity of this transporter is maximal at low Na and K concentrations 
· High Cl- sensed at macula densa caused decreased renin release
· Low Cl- increases renin release (low Cl reflected increased NaCl resportion in the proximal tubule  thus is reflective of the body trying to enhance water resorption)
· Loop diuretics specifically enhance renin release
· They do so via:
· Volume depletion
· Decreased Cl- resorption due to blockade of Na-K-Cl cotransporter, thus a ????????????????? Page 34

Determinants of GFR:
· GFR = LpS(Pgc - Pbs – πP)
· Where LP is capillary permeability
· Where S is surface area
· LpS can be affected by a variety of hormones
· ATII, ADH, Prostaglandins
· Gradient favoring filtration is 13mmHg at the affterent arteriole
· This falls to zero before the efferent arteriole b/c the elevation in plasma oncotic pressure
· This is called filtration equilibrium and occurs after filtration of 20% of Renal plasma flow
· Filtration > than 20% of RPF will only occur if there is an increase in glomerular capillary hydraulic pressure(Pgc) or a decrease in plasma oncotic pressure (πP)
· RPF is an important determinant of GFR
· GFR falls in proportion to fall in RPF
· Filtration fraction and peritubular capillary oncotic pressure (ie. oncotic pressure of fluid leaving the efferent arteriole and entering the peritubular capillary network) are important determinants of proximal tubular sodium and water resorption
· Pgc is determined by:
· Aortic pressure
· Resistance at the afferent arteriole
· Resistance at the efferent arteriole
· Ability to alter arteriolar resistances permits rapid regulation of GFR through changes in Pgc
· RPF = Aortic pressure – Renal venous pressure
                     Renal vascular resistance
· GFR and RPF are regulated in parallel at the afferent arteriole (ie. dilation increases BOTH)
· GFR and RPF are regulated inversely at the efferent arteriole (ie. constriction reduces RPF, but increased Pgc and thus can augment GFR)
· Thus alterations in efferent (not afferent) arteriolar tone affect that ratio of RPF and GFR (ie. the filtration fraction)
· RPF is an independent determinant of GFR (ie. a reduction in RPF will reduce GFR)
· Depending on the magnitude of efferent constriction, the net effect may be variable (increase, decrease or no change in GFR)
· Note GFR can be decreased on patients with states resulting in hemoconcentration due to an increase in πP

Regulation of GFR and RPF:
· Mainly achieved by changes in arteriolar resistance
· Auto regulation and tubuloglomerular feedback
· Autoregulation:
· GFR and RPF are maintained through a wide variety of pressures
· Mediated in part by alterations in afferent arteriolar resistance
· When systemic pressure rises afferent arteriolar constriction prevents transmission of this pressure to the glomerular capillaries. This constriction also leads to increased SVR and thus maintains RPF.
· When BP decreases afferent arteriolar dilation occurs (initially protecting both GFR and RPF)
· Ability to maintain renal hemodynamics becomes impaired at MAP< 70mmHg
· Autoregulation is mediated by myogenic stretch (receptors in the afferent arteriole), ATII and tubuloglomerular feedback)
· ATII dependence is most prominent when renal perfusion pressure is substantially reduced
· Autoregulation of GFR with the initial dcrease in renal artery pressure is primarily regulated by TGF and the stretch receptors
· Remember ATII causes preferential constriction of the efferent arteriole
· Ace inhibitors cause dilation of the efferent arteriole
· Thus they may reduce GFR (especially in low volume states where ATII is important in maintaining GFR)
· Tubuloglomerular feedback (TGF):
· Refers to the alteration in GFR that can be induced by changes in tubular flow rate
· This is mediated by the macula densa (cells at the end of the cortical thick ascending limb of the loop of Henle)
· These cells sense changes in the delivery and subsequent resorption of Cl-
· Elevations in renal perfusion pressure can activate can activate TGF via an initial rise in GFR; the ensuing increase in delivery of Cl- to the macula densa will initiate a response that returns both GFR and macula densa flow towards normal
· This effect is mediated primarily via afferent arteriolar constriction, thus decreasing Pgc
· Loop diuretics impair this autoregulatory response as renal perfusion pressure is increased; in this circumstance autoregulation is thought to be mediated by myogenic stretch response resulting in vasoconstriction



Additional information:
· ATII and Norepi result in prostaglandin release to avoid excessive renal vasoconstriction
· Enhance Na+ resorption
· Dopamine dilates both afferent and efferent arterioles
· Facilitates Na+ excretion
· ANP causes afferent arteriolar dilation and efferent constriction (both raise Pgc and GFR); there is a lesser change in RPF as SVR remains unchanged
· Facilitates Na+ excretion
· Endothelin is a potent vasoconstrictor of both afferent and efferent arterioles
· Reduces RBF and GFR
· May play a role in post ischemic renal failure
· Degree of ischemia is limited by endothelin induced prostacyclin production
· Intraglomerular hypertension and progressive renal failure:
· Loss of neprhons due to kidney disease  compensatory rise in filtration of remaining nephrons
· This maintains GFR initially
· Driven by afferent arteriolar dilation
· Increased blood flow to glomeruli leads to glomerular hypertension and injury
· Tx: protein restriction (to lower πP) and antihypyertensive agents such as ACE inhibitors (efferent dilation)  lowers glomerular pressures
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