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Objectives

• Identify the mechanisms by which the kidney can dilute or 
concentrate urine

•  Understand the concept of Obligatory Urine Volume

•  Understand the mechanism of countercurrent multiplier in the loop 
of Henle and countercurrent exchanger in vasa recta.

• Understand the concept of “Free” Water Clearance. 

•  Identify the role for urea to the concentrating ability of the kidney.

•  Understand the role of ADH and thirst center in kidney function and 
fluid homeostasis.



Control of Extracellular Osmolarity
(NaCl Concentration)

• ADH

• Thirst ] ADH -Thirst Osmoreceptor System

Mechanism:

 increased extracellular osmolarity (NaCl)

 stimulates ADH release, which increases 

 H2O reabsorption, and stimulates thirst

 (intake of water)



Concentration and 
Dilution 
of the Urine

• Maximal urine concentration

= 1200 - 1400 mOsm / L

(specific gravity ~ 1.030)

• Minimal urine concentration

= 50 - 70 mOsm / L

 (specific gravity ~ 1.003)



Figure 28-1

Water diuresis 

in a human 

after ingestion

of 1 liter of 

water. 



Figure 28-2

• Continue electrolyte

  reabsorption

• Decrease water reabsorption

Mechanism: 

Decreased ADH release 

and reduced water 

permeability in distal and 

collecting

tubules

Formation of a dilute urine 



Relationship between urine osmolarity and specific 

gravity

Influenced by

• glucose in urine

• protein in urine

• antibiotics

• radiocontrast  media

 specific gravity reach 1.030 to 1.050 (falsely suggesting 

a very concentrated urine), despite a urine osmolality that 

may be only 300 mosmol/kg.

Figure 28-3 

• rise by .001 for every 35 to 40 

mosmol/kg increase in osmolality. 

•  280 mosmol/kg (which is isosmotic 

to plasma) has a specific gravity of 

1.008 or 1.009.



Formation of a Concentrated Urine

• Continue electrolyte reabsorption

• Increase water reabsorption

Mechanism : 

• Increased ADH release which increases water

    permeability in distal and collecting tubules

• High osmolarity of renal medulla

• Countercurrent flow of tubular fluid



Figure 28-4

Formation of a Concentrated Urine when

antidiuretic hormone (ADH) are high.



Obligatory Urine Volume

The minimum urine volume in which the excreted 

solute can be dissolved and excreted

Example:

 If the max. urine osmolarity is 1200 mOsm/L,

 and 600 mOsm of solute must be excreted each

 day to maintain electrolyte balance, the 

 obligatory urine volume is:

600 mOsm/d

1200 mOsm/L
=   0.5 L/day, 20 ml/hr

If less Oligurea



Obligatory Urine Volume

Example:

• If the max. urine osmolarity = 300 mOsm/L,

• If 600 mOsm of solute must be excreted each

 day to maintain electrolyte balance

• obligatory urine volume = ?

600 mOsm/d

300 mOsm/L
=   2.0 L/day

In renal disease the obligatory urine volume may be

 increased due to impaired urine concentrating ability



Factors That Contribute to Buildup of Solute in 

Renal Medulla - Countercurrent Multiplier

• Active transport of Na+, Cl-, K+  and other ions from thick

  ascending loop of Henle into medullary interstitium

• Active transport of ions from medullary collecting ducts

 into interstitium

• Passive diffusion of urea from medullary collecting ducts

 into interstitium

• Diffusion of only small amounts of water into medullary

 interstitium



Summary of Tubules Characteristics



Please check this animation out demonstrating 

Countercurrent multiplier 

 Kidney function animation know all about Counter 

current mechanism by home academy – YouTube

 

and counter current exchanger:

Countercurrent Mechanism v3 - YouTube

Audio-visual Aid

https://www.youtube.com/watch?v=chARqnvMRjM
https://www.youtube.com/watch?v=chARqnvMRjM
https://www.youtube.com/watch?v=AOqIlrQhqHQ


Figure 28-4

Countercurrent multiplier system in the loop of Henle



Net Effects of Countercurrent Multiplier

1. More solute than water is added to the renal medulla.

 i.e solutes are “trapped” in the renal medulla

2. Fluid in the ascending loop is diluted

3. Most of the water reabsorption occurs in the cortex

 (i.e. in the proximal tubule and in the distal 

 convoluted tubule) rather than in the medulla

4. Horizontal gradient of solute concentration established

 by the active pumping of NaCl  is “multiplied”

 by countercurrent flow of fluid.



Figure 28-5 

Recirculation of urea absorbed from medullary collecting duct into 

interstitial fluid.



Urea Recirculation

• Urea is passively reabsorbed in proximal tubule

    (~ 50% of filtered load is reabsorbed)

• In the presence of ADH, water is reabsorbed  in 

 distal and collecting tubules, concentrating

 urea in these parts of the nephron

• The inner medullary collecting tubule is highly

 permeable to urea, which diffuses into the 

 medullary interstitium 

• ADH increases urea permeability of medullary

 collecting tubule by activating urea

  transporters (UT-1)



• The vasa recta serve 

as countercurrent 

exchangers

Figure 28-7 

The Vasa Recta Preserve 
Hyperosmolarity of Renal Medulla

• Vasa recta blood 

flow is low (only 1-2 

% of total renal blood 

flow)



Figure 28-8 

Changes in osmolarity of the 
tubular fluid



Summary of water reabsorption and 

osmolarity in different parts of the tubule

• Proximal Tubule:  65 % reabsorption, isosmotic

• Desc. loop: 15 % reasorption, osmolarity increases 

• Asc. loop: 0 % reabsorption, osmolarity decreases

• Early distal: 0 % reabsorption, osmolarity decreases

• Late distal and coll. tubules: ADH dependent

 water reabsorption and tubular osmolarity

• Medullary coll. ducts: ADH dependent water 

 reabsorption and tubular osmolarity



“Free” Water Clearance (CH2O)

(rate of solute-free water excretion)

CH2O  =  V - Uosm x V

Posm
where:
 Uosm = urine osmolarity
 V        = urine flow rate
 P   = plasma osmolarity

If:  Uosm < Posm,  CH2O =   +

If:  Uosm > Posm,  CH2O =   -



Question

Given the following data, calculate “ free water”

clearance : 

   urine flow rate = 6.0 ml/min

   urine osmolarity = 150 mOsm /L

   plasma osmolarity = 300 mOsm / L

Is free water clearance in this example positive

or negative ?



Answer

CH2O  =  V - Uosm x V

Posm

= 6.0 - ( 150 x 6 )

300

= 6.0 - 3.0

=  + 3.0 ml / min (positive)



Disorders of Urine Concentrating Ability

• Failure to produce  ADH : 

 “Central” diabetes insipidus

• Failure to respond to ADH: 

 “nephrogenic” diabetes insipidus

- impaired loop NaCl reabs. (loop diuretics)

- drug induced renal damage: lithium, analgesics

- kidney disease: pyelonephritis, hydronephrosis, 

       chronic renal failure

- malnutrition (decreased urea concentration)



Osmolarity
(mOsm / L)

Development of Isosthenuria With Nephron Loss in 

Chronic Renal Failure (inability to concentrate or dilute the urine) 

300

600

1200

0

Nephrons (% normal)

100          75                50                 25                 0

Plasma Osmolarity

Maximum urine osmolarity

Minimum urine osmolarity



Control of Extracellular Osmolarity
(NaCl Concentration)

• ADH

• Thirst ] ADH -Thirst Osmoreceptor System

Mechanism:

 increased extracellular osmolarity (NaCl)

 stimulates ADH release, which increases 

 H2O reabsorption, and stimulates thirst

 (intake of water)



Total Renal Excretion and Excretion

Per Nephron in Renal Failure



Maximal Urine flow rate ; water excretion rate 

• Max water excretion rate in adults=20-23 L/day, does 
not exceed  800-1,000 ml/hr

•  Then water intake should not exceed 800-1,000 ml / 
hr to avoid hyponatremia and water intoxication



Figure 28-9 

Osmoreceptor–

antidiuretic hormone 

(ADH) feedback 

mechanism for regulating 

extracellular 

fluid osmolarity. 



Figure 28-10

ADH synthesis in the 

magnocellular neurons 

of  hypothalamus, 

release by the posterior 

pituitary, and action on 

the kidneys



Stimuli for ADH Secretion

• Increased osmolarity

• Decreased blood volume (cardiopulmonary reflexes)

• Decreased blood pressure (arterial baroreceptors)

• Other stimuli :

 - input from cerebral cortex (e.g. fear)

 - angiotensin II 

 - nausea

 - nicotine

 - morphine



Figure 28-11 

The effect of

 increased plasma 

osmolarity

Vs.

decreased

 blood volume. 



Factors That Decrease ADH Secretion

• Decreased osmolarity

• Increased blood volume (cardiopulmonary reflexes)

• Increased blood pressure (arterial baroreceptors)

• Other factors :

 - alcohol

 - clonidine (antihypertensive drug)

 - haloperidol (antipsychotic, Tourette’s)



Stimuli for Thirst

• Increased osmolarity

• Decreased blood volume 

(cardiopulmonary reflexes)

• Decreased blood pressure

 ( arterial baroreceptors)

• Increased angiotensin II

• Other stimuli:

 - dryness of mouth



Factors That Decrease Thirst

• Decreased osmolarity

• Increased blood volume 

(cardiopulmonary reflexes)

• Increased blood pressure

 ( arterial baroreceptors)

• Decreased angiotensin II

• Other stimuli:

 -Gastric distention



https://fisjo-
my.sharepoint.com/:v:/g/personal/e_zayadneh_ju_edu_jo/EYU
Z_41lxkRJo19TLXEXJbwBuQUW9zUEWB0IeBcYT7m8OA?e=Ee7g
Gh

Link To Recording of
The Lecture

https://fisjo-my.sharepoint.com/:v:/g/personal/e_zayadneh_ju_edu_jo/EYUZ_41lxkRJo19TLXEXJbwBuQUW9zUEWB0IeBcYT7m8OA?e=Ee7gGh
https://fisjo-my.sharepoint.com/:v:/g/personal/e_zayadneh_ju_edu_jo/EYUZ_41lxkRJo19TLXEXJbwBuQUW9zUEWB0IeBcYT7m8OA?e=Ee7gGh
https://fisjo-my.sharepoint.com/:v:/g/personal/e_zayadneh_ju_edu_jo/EYUZ_41lxkRJo19TLXEXJbwBuQUW9zUEWB0IeBcYT7m8OA?e=Ee7gGh
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