
Body Fluid Osmolarity & Water Balance 

1. Explain the origin of renal medullary hyperosmolarity. 

 

 Extreme urinary dilution Extreme urinary concentration 

ADH Absent Present 

Osmolarity c.f. plasma 1/6 > 4x 

Urinary volume rate Max ~20L/day < 600ml/day 

Limited by Obligatory reabsorption –  

> 89% of filtered load 

Obligatory urinary volume –  

> 0.28% of filtered load 

Others Facultative reabsorption – further 

reabsorption controlled by ADH → 

more concentrated urine 

Obligatory excretion of 

~600mosmol/day at max conc. of 

~1200mosmol/L 

 

These extremes can be achieved without major disturbances to the rates if excretion of Na
+
 and K

+
. 

 

 Descending limb Thin ascending limb Thick ascending limb 

Water Highly permeable Impermeable Impermeable 

NaCl Permeable Permeable Impermeable. 

NaCl moved by basolateral 

Na
+
,K

+
-ATPase 

 

Osmotic multiplier 

 
 

Thick ascending limb’s impermeability to water and NaCl maintains osmotic gradient across 

epithelium. 

 Basolateral Na
+
,K

+
-ATPase amplifies interstitial osmolarity. 

 

Inner medulla – high [NaCl] → communicated to medullary collecting ducts if ADH present. 

 ADH act on distal and collecting tubules → permeable to water → osmosis down strong solvent 

gradient → formation of concentrated urine. 

NaCl reabsorbed in 
ascending limb  

↑interstitial [NaCl]  

high transepithelial 
osmotic gradient 

water exits and NaCl 
diffuses into 

descending limb 

↑osmolarity of 
luminal fluid 

entering ascending 
limb  
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Urea 

 Urea permeates membranes more slowly than does water → less reabsorbed. 

 Thick ascending limb, distal tubules and collecting ducts relatively impermeable to urea. 

 ADH → water reabsorbed in distal and collecting tubules → concentrate urea in these tubules. 

 ADH → activate urea transporters → ↑urea permeability in inner medullary collecting ducts → 

urea reabsorbed. 

 High local [urea] contributes to high medullary osmolarity. 

 ~50% of medullary osmolarity with ADH present. 

 

 
 

Medullary blood supply flush out (reduce) medullary osmotic gradient. 

 Less reduction in osmotic gradient due to 

 Relatively sluggish medullary blood flow. 

 Looped flow through vasa recta (straight vessels) rather than straight through flow. 
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Factors responsible for establishing osmotic gradient: 

 Anatomical U-shape of loop of Henle. 

 Selective permeabilities and transport properties of different parts. 

 Basolateral ATPases. 

 Arrangement of vasa recta plays no role. 

 

Gradient’s effectiveness depends on distal volume reduction . 

 5% of filtered volume enters distal tubule, ADH present → 6% enters medullary collecting 

tubules → 0.15% excreted in urine. 

 

 
 

2. Explain the mechanisms by which the body can alter renal function, including 

sympathetic nervous system, renin-angiotensin-aldosterone system, anti-diuretic 

hormone, atrial natriuretic hormone 

3. Explain the role of the kidney in the integrated response to dehydration, fluid load, 

blood loss, exercise and congestive heart failure. 

 

Response to dehydration 

 Osmoreceptor-ADH negative feedback loop 

 Small increase in extracellular osmolarity → excite hypothalamic osmoreceptor neurones → 

synapse on neurosecretory cells → ADH release, induce thirst. 

 ADH synthesized in hypothalamus – supraoptic and paraventricular nuclei → released from 

posterior pituitary gland. 
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Response to fluid load 

 Osmoreceptor-ADH negative feedback loop – opposite direction as in dehydration. 

 Mechanical effects – volume expansion → ↑arterial pressure → pressure natriuresis. 

 Neural mechanism (volume reflex) 

 Autonomic reflex vasodilation of renal afferent arterioles → ↓afferent arteriolar resistance → 

↑PG → ↑GFR 

 Inhibit ADH neurosecretion → diuresis. 

 Hormonal mechanism 

 Volume overload → stretch atria → atria release atrial natriuretic peptide (ANP) → ↓Na
+
 

reabsorption in collecting ducts, general renal vasodilation. 

 ↑arterial pressure → ↓renin-angiotensin system → ↓aldosterone secretion → ↓tubular 

reabsorption of Na
+
. 

 

Response to severe haemorrhage 

 Strong sympathetic activation → reflex conservation of fluid volume and Na
+
. 

 Arteriolar constriction → ↓GFR. 

 ↑tubular reabsorption of Na
+
. 

 ↑renin release → ↑angiotensin II → ↑aldosterone release → ↑Na
+
 reabsorption. 

 ↑ADH secretion → ↑renal water retention. 

 

Response to exercise 

 Sympathetic activation similar to response to haemorrhage. 

 ↓renal blood flow → maximal diversion to skeletal muscle. 

 ADH-controlled water retention → allows control of body temperature through perspiration. 

 

Response to congestive heart failure 

 Cardiac insufficiency → ↓renal arterial pressure → ↓RBF → ↑filtration fraction (arteriolar 

constriction → ↓PG and ↓GFR to a smaller extent cf. ↓RBF) → ↑peritubular colloid osmotic 

pressure (plasma proteins and Donnan effect). 

 Systemic response – renin-angiotensin system → ↑angiotensin II. 

 ↑aldosterone secretion. 

 Constriction of efferent arterioles. 

 ↓peritubular capillary pressure → particularly ↑proximal tubular reabsorption. 

 ↓RBF (see above for effects of ↓RBF). 

 Stimulates all basolateral Na
+
,K

+
-ATPases and proximal luminal Na

+
/H

+
 exchange. 

 Chronic arterial hypertension → renal failure → inadequate urinary excretion → volume 

retention (↑blood volume and ↑ECF) → circulatory congestion → pulmonary oedema → death. 

 


