


















































Counter current mechanisms 
It is the (Power of the kidney to concentrate urine).
- The aim of this mechanism is to create & maintain hyperosmolarity of 
renal medullary interstitium → this increases the water reabsorption 
from CD
- By this mechanism, there are 4 folds multiplication of tonicity across 
the renal medulla:
➢ In superficial layers of renal medulla = 300 mosmol/L.
➢ In deep layers of renal medulla = 1200 - 1400 mosmol/L.
- Two synergistic mechanisms work together at the same time:
I) Countercurrent multiplier mechanism. (create the hypertonicity).
II) Countercurrent exchanger mechanism. (maintain the hypertonicity).



Countercurrent multiplier mechanism:
• It is the function of: Loop of Henle
Aim: Creation of hypertonicity in deep renal medullary interstitium.
- This leads to shift of water from the CD to the renal medullary 

interstitium and then to the blood flow of vasa recta.
- Steps of countercurrent multiplier:
1. In thick ascending loop of Henle:
- Active transport of Na+ followed by cotransport of K+ & Cl-  
• It is called (1Na+, 1K+, 2Cl-) active pump
•  This shift of ions to renal medullary interstitium is not followed by 

water reabsorption because thick ascending limb is impermeable to 
water.



2. In descending loop of Henle:
- The water of the tubular fluid is continuously moved to the 
interstitium (by osmosis).
- Na+ & other ions remain inside lumen with progressive increasing 

of their concentration because the descending limb is permeable to 
water only.

3. In thin part of ascending loop of Henle:
- Some of NaCl diffuses passively out to the medullary interstitium.
- This leads to:
a)  Osmolarity of medulla.
b)  NaCl in the ascending limb.



4. Repetition:
- Repetition of the first step and so on.
Unique characters of loop of Henle:
1) Two currents of fluids run in opposite direction: parallel and near to 
each other
(descending & ascending limbs).
2) Difference in permeability of two limbs:
a) Ascending limb: permeable to Na+ but impermeable to water.
b) Descending limb: permeable to water but impermeable to Na+.
3) Source of energy: derived from ATP (for sodium pump) in the thick 
ascending part of the loop of Henle.





2) Countercurrent exchanger mechanism:
• It is the function of Vasa recta .
Aim: Maintenance of hypertonicity of renal medullary interstitium by:
a) Removal of excess water from renal medullary interstitium.
b) Trapping of solutes (NaCl & urea) in renal medullary interstitium.
Steps of counter current exchanger:
1. In the descending limb of vasa recta:
- Both NaCl & urea diffuse from renal medulla to the blood.
Due to their high concentration in renal medulla.
- Water leaves the descending limb to the hypertonic medulla.
Due to the hydrostatic pressure in the descending limb is more than osmotic pressure 
of plasma proteins.



2. In the ascending limb of vasa recta:
- Some of NaCl & urea diffuse out into the medullary interstitium
- Due to their high concentration in the ascending limb of vasa recta.
- Water is reabsorbed into the ascending limb.
- Due to increased concentration of plasma proteins.
Reabsorbed water represents the water that leaves the descending loop 
of Henle & the collecting ducts.
• So, water absorbed in the vasa recta > water leaves the vasa recta.
Unique characters of vasa recta:
1) Same high permeability in both limbs.
2) Sluggish circulation to allow exchange.
3) Low pressure. (slow & Low)





Unique characters present in the medulla
1. Medullary interstitial fluid is hyperosmotic.
• The hyper-osmolality of renal medulla is important to produce 

concentrated urine, because without this mechanism even large 
doses of ADH cannot produce such concentrated urine.

2. Many of fluids run in opposite directions, parallel to and near to 
reach other(countercurrents).
3. Difference in permeability of both two limbs of the loop.
4. Source of energy mostly derived from ATP (for sodium pump).
➢ N.B. Causes of hyperosmolarity of renal medullary interstitium:
1) Countercurrent mechanisms (60% of hyperosmolarity).
2) Urea cycle (40% of hyperosmolarity).



Urea cycle (Re circulation of urea)
Definition: Passive diffusion of urea following water from the medullary collecting 
ducts into the medullary interstitium due to its concentration gradient.
Steps:
1. Water reabsorption from the medullary CD by the high osmolarity of renal medulla 
  concentration of urea in CD.
2. Urea diffuses from CD to renal medullary interstitium (following water 
reabsorption helped by ADH).
This increase the osmolarity in renal medulla.
3. Then, urea enters from renal medullary interstitium to the lumen of the
descending and thin ascending parts of loop of Henle.
4. Then, urea is trapped inside the lumen of thick ascending limb.
This part is impermeable to H2O & urea.
5. Urea re-circulation again till it reaches the medullary collecting ducts to start a 
new cycle and so on.



Importance:
1) It is responsible for 40% of hypertonicity of renal medulla (add 
500 mosmol/liter to renal medulla).
2) It plays important role in urine concentration 
N.B. The only parts that are permeable to urea are medullary 
collecting duct,
descending & thin ascending limb of Henle’s loop & PCT (partial 
permeable).
But Thick ascending part of loop of Henle, DCT & cortical 
collecting tubules are all impermeable to urea.
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