Rose chapter 3 – proximal tubule



What is the primary role of the proximal tubule?













SUMMARY: 
· normally resorbs 55-60% of filtrate
· most important function is active transport of Na+ (but only 65% Na+ reabsorbed here)
· this is coupled with passive reabsorption of water and other solutes (isosmotic to plasma)
· Almost all of filtered glucose and amino acids
· Also bicarb (90%), chloride (55%)
· other solutes are secreted here (H+, organic anions/cations)

What are the segments of the proximal tubules? 






ANATOMY:
· S1 = early convoluted segment
· Larger amount of Na and bicarb reabsorption here due to more transporters and greater surface area
· S2 = late convoluted segment + early pars recta (straight proximal tubule)
· Secretion of organic anions and cations most prominent ehre
· S3 = remainder of pars recta

Proximal tubule has the following adaptations that facilitate net reabsorption of the filtrate:
1. Luminal membrane has microvilli and brush boarder, increasing surface area and has carrier proteins and carbonic anhydrase
2. Luminal and basolateral membranes have water channels to allow water to be reabsorbed up osmotic gradient
a. Aquaporin-1 is present in proximal tubules but not other portions
b. No basal water reabsorption in other portions, but ADH can insert aquaporin-2 in collecting tubules
3. Bicarb reabsorption generates chloride gradient that increases passive reabsorption of NaCl through tight junctions
4. Tight junctions are relatively leaky compared to other segments, which facilitates this

Describe how water reabsorption occurs in the proximal tubule







Water reabsorption occurs because:
· 3Na2KATPase in basolateral membrane results in passive entry of Na into cell across luminal membrane, so decrease in luminal osmoloarity 
· Preferential absorption of NaHCO3 means tubular Cl- concentration increases; effective osmolarity decreases as Cl is an ineffective osmole (tight junctions very permeable to it)
· Occurs through aquaporin 1

Sodium reabsorption:
· Occurs due to both electrochemical and concentration gradient generated by 3Na2KATPase pump in basolateral membrane
· Then passive transport (secondary active transport) across luminal membrane, but must be through channels or membrane carriers
· Partially linked to cotransport with other solutes (glucose, phosphate, aminoacid) in brush boarder vesicles) 
· Also antiport with H+ 

Draw this as a diagram diagram
[image: ]

Bicarb
· NaKatpase pumps K into cell
· k diffuse out passively through cannels in basolateral membrane
· cell becomes more negative compared to intersitium
· negative charge (bicarb) driven outwards by 3Hco3-/1Na cotransporter in basolateral membrane 
· *ATP inhibits K channels, so as NaKATPase activity increases (and more K enters cell), inhibition of channel decreases*

· Renal ischemia damages membrane polarity; NaKATPase may move from basolateral pump to luminal. Tight junctions also become more permeable 


Describe the formate chloride exchange mechanism, with the help of a diagram
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Figure 3-4 Schematic representation of the chemical and electrical gradients and some of the carrier-mediated mechanisms
involved in proximal tubular solute transport. The low cell Na* concentration that is maintained by the Na*"K*-ATPase pump in
the basolateral membrane permits secondary active transport in which passive Na* entry into the cell is coupled by specific
cotransporters to the uphill reabsorption of glucose, phosphate, and amino acids, or to the secretion of H*. Units are meq/L; CA
represents carbonic anhydrase.




