

Chloride transport
· Formate-chloride exchange: Active exchange of luminal Cl- for formate
· Formate in lumen combines with H+ to make formic acid which freely diffuses into cell
· Once in cell equilibrium shifts and H+ + formate is favored; H+ secreted via H+ Na+ exchange, formate exchanged with chloride so chloride enters cell
· Energy is via NaKATPase maintaining gradient for Na reabsorption and so H+ excretion
· Other anion exchangers may also be involved 
· Intracellular Cl- returned to circulation via basolateral chloride selective channel and KCl cotransporter 
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Passive transport mechanisms: 
· Account for 1/3 of proximal fluid reabsorption
· Chloride is higher in tubule so transverses down concentration gradient through junction; water and sodium therefore follow
· Bicarb transport is important for maintaining this eg if metabolic acidosis decreases bicarb conc, or carbonic anhydrase inhibitor administered 
· NaH antiporter is next main determinant of proximal Na and H reabsorption because it:
· Directly promotes bicarb reabsorption
· Bicarb resorption and water movement creates gradient for passive Cl- reabsorption
· Operates in parallel with Cl-/formate exchanger to further promote bicarb reabsorption

How do dopamine and angiotensin II effect sodium reabsorption in proximal tubule







Neurohormonal influences
· Angiotensin II increases activity of NaH exchanger and bicarb reabsorption in S1 without significant change in net bicarb reabsorption
· Increase in bicarb reabsorption in proximal segment means decreased distal delivery and so decreased reabsorption in flow dependent areas
· Increases NaCl and water reabsorption without acidification 
· Dopamine decreases Na reabsorption in proximal tubule from
· Decreased activity of NaH exchanger
· Decreased activity of NaKATPase
· Physiologically makes sense as dopamine increases with volume expansion 

Describe how fluid is reabsorbed from the intercellular space into the peritubular capillaries, and how net reabsorption varies along tubule length 






Capillary uptake:
· Movement from intercellular space into peritubular capillary occurs from starling’s forces
· Oncotic pressure in peritubular capillary is higher than systemic due to loss of protein free filtrate in glomerulus
· Greater filtration fraction -> increased protein concentration in peritubular capillary
· Overall large gradient occurs favoring uptake from intercellular space
· Gradient decreases along length of proximal tubule due to progressive reabsorption 
· Capillary hemodynamic forces are influenced by glomerular arteriolar tone; constriction decreases hydrostatic pressure post glomerulus
· Efferent arteriolar constriction causes increased oncotic pressure and decreased hydraulic pressure, promoting net resorption and capillary uptake
· Occurs under influence of angiotensin II and norepinephrine eg volume depletion 

Backflux across tight junction
· Depending on balance of Starlings forces fluid may be able to leak back from intercellular space to tubule via tight junctions (theory not proven)
· Eg in hypervolemia, decrease angiotensin II dilates efferent arteriole, impairing capillary uptake 

Glomerulotubular balance
· The fractional tubular reabsorption remains roughly constant despite changes in the GFR
· One of 3 mechanisms that stop collecting tubule fluid delivery exceeding reabsorptive capacity, others being:
· Autoregulation: GFR kept constant despite changes in systemic arterial pressure
· Tubuloglomerular feedback: GFR decreases if distal tubule macula densa senses increases load
· Increased GFR increases solute delivery to proximal tubule so increases solute reabsorption thus reabsorption of Na and H2O
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SOLUTE REABSORPTION
· Sodium reabsorption varies to maintain homeostasis
· As a result reabsorption of solutes also varies, sometimes at expense of homeostasis of these compounds

Bicarbonate
· 80% reabsorbed in proximal tubule, remainder in distal and collecting 
· accompanied by active H+ transport into lumen via NaH antiporter (proximal tubule) and HATPase (distal nephron)
· can measure maximal tubular resorptive capacity by infusing bicarb and measuring plasma/urine concs 
· has maximum capacity which helps avoid alkalosis, and this varies with fractional reabsorption of sodium
· maximum capacity increases during volume depletion  (increase sodium reabsorption)
· *in hypochloremic alkalosis with volume depletion bicarb excretion cannot be enhanced, alkalosis is perpetuated due to chloride and sodium retention *

Explain the steps in glucose reabsorption, and how the process varies along the length of the proximal tubule






Glucose
· normal conditions all filtered glucose is reabsorbed 
· 2 step process
· passive cotransport into cell (up concentration gradient) with sodium 
· in S1/S2 these are high capacity, low affinity so can remove most of filtered glucose
· S3 higher affinity, 2Na:1glu; greater inward gradient for sodium helps drive glucose up increased concentration gradient 
· diffusion into intercellular space via sodium independent transporters
· Humans reabsorptive capacity is not exceeded until 375mg/min  
· Dependent therefore on glucose concentration and GFR
· There is heterogeneity between different glomeruli/tubules eg big glomeruli with high filtered load, or short tubules, will both have increased likelihood of glucosuria 

Urea
· Lipid soluble, crosses most membranes by passive diffusion 
· Only 50-60% filtered is normally excreted
· Increased water reabsorption proximally results in increased tubular fluid concentration, so reabsorption then occurs passively down concentration gradient
· May be facilitated by transporter 
· BUN varies inversely with GFR 
· May also be influenced by increased production, or volume depletion (increased Na and H20 reabsorption proximally will enhance urea reabsorption -> prerenal azotemia)

Describe calcium reabsorption and how this is influenced by PTH





Calcium
· In contrast to Na/K/Cl, reabsorption of Ca and phos are incomplete and balance varies with:
· Intestinal absorption
· Release from bone
· Urinary excretion
· 40% bound to albumin so not filtered
· normally approx. 5% is excreted
· 80-85% reabsorption in proximal tubule and medullary loop of Henle
· most is passive, following gradient from NaCl and H2O reabsorption 
· tight junction s in thick ascending limb have paracellin-1 to facilitate this
· Cortical distal nephron is most important region for regulation (distal tubule, thick ascending limb, connecting tubule)
· Luminal Ca goes through channels down electrochemical gradient
· PTH enhances entry at this level but mechanism is not understood
· May increase Cl- channels in basolateral membrane so enhance activity of voltage gated Ca channels, and increase gradient for entry
· Vitamin D dependent binding protein also facilitates luminal Ca uptake
· Movement from cell to intersitium occurs via CaATPase pump or 3Na1Ca exchanger
· PTH may also increase the number of exchangers
How do 0.9% NaCl administration and loop diuretics increase calciuresis?



· To increase calcium excretion in hypercalcemia goal is to decrease sodium reabsorption and so decreases calcium reabsorption
· In proximal tubule decreased reabsorption occurs if intake is increased
· In loop of Henle this is achieved by loop diuretics






Phosphate
·  85-90% normally reabsorbed, almost all in proximal tubule
· 3Na-1phos cotransporters on luminal membrane move phosphorus into cell
· gradient therefore favors continued phos reabsorption even when concentration falls more distally
· Passive diffusion out of basolateral membrane
· Regulated by 2 factors:
· Plasma phosphate concentration; if decreased excretion is diminished by increased cotransporter activity, converse
· PTH
How does acidosis effect phosphate reabsorption




· Acidosis also increases phosphateuresis by diminishing transporter activity 
· This enhances acid excretion
· Occurs from:
· Decreased affinity of NaPhos transporter for sodium
· Conversion of HPO42- to H2PO42- which transporter also has decreased affinity for

Magnesium
· Partially protein bound so only 70-80% is filtered
· Only 3% of this is then excreted, but highly variable depending on Mg load
· Only 20-30% in proximal tubule, reabsorption primarily occurs in thick ascending limb of loop of Henle and distal convoluted tubule
· Loop transport is most important for regulating 
· Reabsorption incompletely understood
· Mostly paracellular, passive diffusion facilitated by a tight junction protein
· Active process in distal convoluted tubule also exists  (maybe NaMg exchanger)
· Mg wasting can be induced by loop diuretic (inhibit NaCL reabsorption so inhibit development of gradient)

Describe how the administration of calcium may increase the excretion of magnesium



· Also varies with plasma levels
· Ca (and Mg) sensitive receptors in basolateral membrane are stimulated by either substance binding, casing inhibition of luminal potassium channels
· This decreases sodium chloride reabsorption
· Therefore gradient for passive Mg reabsorption cant develop

Uric acid
· Mostly circulates as urate- + H+, not uric acid
· Filtered urate is handled only in proximal tubule by:
· Reabsorption of filtered urate in early proximal tubule
· Secretion in mid proximal tubule 
· Post secretory reabsorption in late proximal tubule
· Net 6-12% of filtered is excreted 
· Changes in tubular secretion seem most important in net changes
· Anion exchangers seem most important eg urate/OH- or bicarb counter transport, in parallel for NaH exchanger
· Urate secretion incompletely understood
· Amount of reabsorption varies directly with sodium reabsorption
· In volume depletion both are increased 
· May be due to angiotensin II -> enhanced NaH activity -> incr4eased urate-OH- activity 
Describe how proteins of different sizes are reabsorbed in the proximal tubule 





Proteins
· Almost completely reabsorbed in proximal tubule
· Different mechanisms for proteins of different sizes
· Aminoacids cotransported with sodium across luminal membrane, then facilitated diffusion through basolateral 
· Neutral aminoacids may also have sodium independent transport 
· Small peptides eg angiotensin II are hydrolyzed by brush border peptidases and then AAs are reabsorbed
· Larger ones eg insulin may enter cell by endocytosis -> lysosomes 
· Absorption and metabolism allows for preservation of nitrogen balance, and kidneys are also important location for metabolism of many polypeptide hormones 

Citrate:
· 65-90% is reabsorbed and metabolized in proximal tubule 
· metabolism of 1 mEq citrate -> 3mEq bicarb
· 3Na/1citrate cotransporter 
· Acidemia results in increased proximal citrate reabsorption 
· fall in pH promotes Citrate3-> citrate 2- which is more readily reabsorbed
· Hypokalemia also enhances proximal citrate reabsorption


Secretory pathways of proximal tubule
· secrete hydrogen ions, organic cations, and anions
· mostly occurs in S2 as higher number of secretor pumps 
· General process
· Diffusion from capillary into interstitium 
· Transport across basolateral membrane
· Secretion across luminal membrane 
· Organic cation secretion (eg creatinine):
· Likely passively entre cell due to concentration and electrochemical gradient, facilitated buy cation-cation exchange
· Secretion mostly in parallel to NaH antiporter and then H cation exchanger
· Energy for this still from NaKATPase
· P Glycoprotien is in membrane and may also paly a role 
· Organic anion secretion (eg urate, ketones, penicillins)
· May compete for same pathways 
· Anion exchangers are important at basolateral membrane 
· Transport across luminal membrane may also be with anion exchanger, or passive diffusion
· Many transporters are non-specific so foreign substances can be eliminated 
· Important for substances that cannot be filtered (protein bound)
· Albumin binding may also be needed for secretion
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Figure 3-6 Role of filtered formate (F") in active CI” reabsorption in the proximal tubule. The essential steps are transport of
uncharged formic acid (HF) into the cell, formate secretion and CI- reabsorption via a formate-chloride exchanger, and recycling
of formate into the cell as formic acid. Reabsorbed CI- is returned to the peritubular capillary by a KCI cotransporter in the
basolateral membrane.








