Chapter 4 – Loop of Henle



Name the 4 segments of the loop of Henle
1. Descending limb
2. Thin ascending limb
3. Medullary thick ascending limb
4. Cortical thick ascending limb



· Last segment ends at the macula densa adjacent to parent glomerulus 

Draw a diagram demonstrating sodium chloride transport in the thick ascending limb of loop of Henle










Sodium chloride transport
[image: ]
· Enter cells via electroneutral NaK2Cl carrier
· No sodium transport is linked to organic solutes unlike in proximal tubule 
· Can occur by NaH exchange (which then causes bicarb reabsorption 
· Thick ascending limb has active transport out by NaKATPase
· Maintains low cellular levels to maintain gradient for reabsorption
· Transports sodium back into systemic circulation
· Cl exits through selective channels

The delivery of which electrolyte is rate limiting for the NaK2Cl carrier?






· NaK2Cl:
· High affinity for Na and K, so Cl delivery is rate limiting
· As NaCl delivery increases, net reabsorption increases 
·  Loop diuretics block chloride site
· K is not rate limiting despite low concentrations because it is recycled across luminal membrane
· Remember decreased ATP increases activity of these channels (as with increased sodium reabsorption)
· K  backflow plus transport of Cl to capillaries develops electrochemical gradient, allowing some passive paracellular reabsorption of cations (Na, Ca, Mg)


Acid base balance
· Medullary thick ascending limb aslo rebsorbs most of the delivered bicarb
· Luminal NaH exchanger
· Rate varies with pH status 
· NH4+ can also substitute for K on NaK2Cl, allowing for ammonia recycling 

Urine calcium excretion
How does increased plasma levels of Ca lead to a decrease in passive reabsorption of Ca in the thick ascending limb?







· Calcium sensing receptors on basolateral membrane of thick ascending limb cells mediate regulation
· Increased Ca intake -> mild increase in plasma calcium -> inhibition of luminal potassium membrane, reducing K recycling -> reduced NaK2Cl activity -> decreased gradient for Ca reabsorption

Passive Na reabsorption & medullary hypoxia
Why are the cells of the medullary thick ascending limb particularly susceptible to hypoxemic damage? 







· Almost half of oxygen use in thick ascending limb is due to NaCl transport 
· Medulla is poorly oxgygenated (<10% of renal circulation), and by the time capillaries get to the ascending limb blood is oxygen-poor
· NaK2Cl pump reduces oxygen demands (every 2Cl transported -> 1Na via active transport (NaKATPase) and one via passive transport)
· Thick ascending limb and S3 cells are most sensitive to hypoperfusion induced tubular necrosis 
· In response to ischemia NaCl transport is diminished (protective response)

Concentration and flow dependence of loop reabsorption 
Explain why reabsorption is dependent on luminal concentration of NaCl in the thick ascending limb










· In the thick ascending limb solute concentration is gthe limitigng factor for reabsorption
· Ascending limb basically impermeable to water so as NaCl is reabsorbed, their luminal concentration decreases 
· Falls in luminal Cl- therefore decrease activity of NaK2Cl
· As NaCl levels in lumen fall below that of plasma there is backflow across tight junctions
· Eventually reach steady state where any reabsorption is countered by backflow 
· Therefore also flow dependent as increased GFR -> less of reduction of tubular Cl- in distal tubule, so continued reabsorption
· Any increase in reabsorption in medullary limb (eg via ADH increasing activity of NaK2Cl)  will decrease cortical delivery and so decrease cortical reabsorption
· Net effect may be no change in reabsorption across limb 

Cortical thick ascending limb transport
· Contribution depends on the length of the cortical segement of individual nephrons
· Mostly via NaK2Cl
· Also important for Ca and Mg reabsorption
· >50% of Mg reabsorbed here
· some is passive paracellular, due to concentration gradient 
· PTH may increase Ca reabsorption here

Countercurrent mechanism 
· Fluid leaving proximal tubule is ______tonic to plasma
· Alterations in urine concentration is achieved by countercurrent mechanism in the loop of Henle and collecting tubules

Describe the countercurrent mechanism










For urinary concentration:
· Medullary intersititum made hyperosmotic by NaCl reabsorption in medullary ascending limb (& urea entering interstitium from medullary collecting tubule)
· As urine enters collecting tubule it equilibrates with intersitium, resulting in concentrated urine
· ADH important for this as increases collecting tubule permeability to water by inserting aquaporin-2 into luminal membrane 
· For maintenance of medullary hyperosmolarity:
· Medullary blood flow in vasa recta is in hairpin configuration to minimize removal of excess solute from intersititum 

For urinary dilution: 
· NaCl absorption increases interstitial osmolarity and decreases luminal (as for concentration)
· Urine remains dilute if collecting tubules are poorly permeable in the relative absence of ADH

Countercurrent multiplication
· Occurs to increase the intersitital osmolarity to allow urine concentration
· Descending limb permeable to water (aquaporin1), ascending is not
· Only active step is NaCl reabsorption in thick ascending limb; thin ascending limb only passive sodium reabsorption
· Efficacy depends on length of thick ascending limb
· Nephrons with short loops contribute very little

Generation of medullary interstitial hyperosmolarity
· NaCl transported from ascending limb into intersitium (without water)
· Interstitial osmolarity increases 
· Descending limb equilibrates with interstitium as water moves out
· Descending limb osmolarity = intersitital osmolarity
· Interstitial osmolarity is maintained by continued NaCl transport
· Hyperosmolary fluid from descending limb enters ascending limb, allowing further sodium transport and increasing of intersitital osmolarity 
· Osmolarity is highest at hairpin turn 
· Proportional to length of loops and gradient between ascending and intersitium 

Explain how the collecting tubule is responsible for final urine osmolarity







· Fluid leaving loops is hypoosmotic to plasma
· When collecting tubules are impermeable to water (noADH present) dilute urine is excreted
· When collecting tubules are permeable to water this equilibrates with interstitium and becomes concentrated


Collecting tubules
· In basal state relatively impermeable to passive NaCl, urea and water movement
· This means that high NaCl concentration in intersititum acts as effective osmotic gradient
· ADH promotes urinary concentration by:
·  inserting aquaporin 2 into luminal membrane of medullary collecting tubules, increasing water permeability
· tubules then equilibrate with hypertonic intersitium and reabsorbed water can return to capillaries 
· Cortical collecting tubule also has ADH water reabsorptionl urine equilibrates with cortical interstitium which is isosmotic to plasma
· This reduces volume of fluid reaching medullary collecting tubule, so increases ability to concentrate without diluting medullary intersitium 

The role of urea
· Almost half of the interstitial solute load is urea
· This occurs through diffusion down concentration gradient from inner medullary collecting tubule to intersititum 
· This is dependent on ADH
· As water reabsorption increases, urea concentration in tubular fluid rises markedly
· Not permeable to urea until inner medullary collecting tubule, where urea diffuses passively into interstitium
· Additional urea transporters are inserted under influence of ADH
· Also depends on NaCl transport in ascending limb – why? 






· As interstitial osmolarity increases there is
· Increase in activity of inner medullary urea transporter
· Increased gradient for water reabsorption in  collecting tubules, so increased urea concentration in distal tubule
· Therefore increased NaCl transport increases urea movement into interstitium 
· Some urea is recirculated into the thin ascending limb and descending limb of loop of Henle  (urea recycling) 
· Increased urea concentration in interstitium increases its osmolarity. This increases efficiency of concentration by:
· Promotes osmotic water movement out of the loop of Henele
· This increases Na conc in thin ascending limb, and decreases interstitial Na conc
· Therefore passive Na reabsorption in thin ascending limb occurs 
· Papillary osmolarity varies with the availability of ADH
· Complete the following table to show if the following will increase, decrease or be unchanged in the interstitium the following situations:
	
	Osmolality
	NaCl
	Urea

	Dehydration
	increase
	increase
	increase

	Water diuresis
	decrease
	decrease
	decrease

	
	
	
	




NaCl Reabsorption in the Thin Ascending Limb

With the help of the following diagram to explain how sodium reabsorption is passive in the thin ascending limb:
[image: ]













1. Active reabsorption without water in thick ascending limb makes the tubular fluid dilute, and interstitium concentrated
2. Dilute fluid equilibrates with intersitium in the cortical and medullary collecting tubule
3. This causes marked increase in tubular and therefore interstitial urea concentration
4. Descending limb fluid equilibrates with hyperosomotic intersititum as water moves out
5. Increased tubular osmolarity elevates sodium above that of interstitium; NaCl will diffuse out of thin ascending limb, reducing fluid osmolarity;
· This area is not very permeable to urea
·  NaCl absorbed without water
· sodium absorbed paracellularly, chloride via channel 

Countercurrent exchange in Vasa Recta
· capillaries of vasa recta come from efferent arterioles, and have hairpin configuration
· return reabsorbed NaCl and H20 to systemic circulation
· ascending vasa recta has high oncotic pressure and low hydraulic pressure, favoring fluid uptake
· at papillary tip free water loss is favoured due to high osmotic gradient, but this is  balanced by return of waer in cortex
· Increases in medullary blood flow will cause loss of medullary solute and so reduced interstitial osmolarity
· What effect will this have on NaCl handling in the loop of Henle? 









· This washout causes decreased osmotic gradient between tubular fluid and intersititum
· Water reabsorption will be decreased in descending limb
· Sodium concentration in tubular fluid will therefore be lower
· So less passive NaCl reabsorption occurs in thin ascending limb 


Summary:
[image: ]

· Active NaCl reabsorption from thick ascending limb develops countercurrent exchange and osmotic gradient, allowing fluid reabsorption
· Osmolarity of urine determined by ADH (dose related)
· With ADH collecting tubule more permeable to water, allowing equilibration with interstitum which is hyperosmotic to plasma in medulla
· Without ADH urine is hypoosmotic as it leaves loop of Henle, and this is not equilibrated in collecting tubule 

Maintenance of cell volume
Explain how cell volume is preserved during changes in medullary interstitial osmolarity 
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· Wide changes in medullary intersitital osmolarity occur
· As osmolarity increases then tubular cells shrink transiently
· Cells can then increase their on osmolarity to hold water within 
· ADH promotes basolateral entry of NaCl from intersitium via NaH and ClHCO3 exchangers 
· BUT changes in Na or K levels may preserve volume but alter protein function 
· May also generate or take up organic solutes (osmolytes) to restore cell volume eg sorbitol 
· Cell swelling is limited when osmolarity increases by pumping ions out of the cells  and reducing osmolyte production 
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