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RENAL SYSTEM 
PHYSIOLOGY LECTURE 5

URINE CONCENTRATION AND 
COUNTER CURRENT MECHANISM

*note 
#from the book 
#sheet note



Dilute and concentrated urine
1-Dilute urine : Nephron function continuously reabsorb solutes while 
failing to reabsorb water in distal tubule and collecting duct #that 
means there is always absorption of solutes and in all part of tubules 
,but in some part of renal tubule some segment are not permeable to 
water and there permeability to water depends on the ADHÆ by 
reducing ADH secretion Æ urine excreted with 50 mOsm/L OR with 
high ADH urine osmolarity can reach to 1200-1400 mosm/L #in severe 
dehydration

If large excess of water in the body, kidneys         
can excrete up to 20 L/day while normally excrete only 1.5 L/day. 





*This figure represent the formation of dilute 
urine when ADH levels are very low
#in the proximal tubule water and Na+ are 
absorbed
#in the descending limb water only
#in the ascending limb NaCl but not water
#in distal and collecting ducts NaCl
#less ADH more water in the urine ,more 
volume of urine and less osomlarity



ADH (VASOPRESSIN)
If osmolarity increase (Reduce ECF) it will increase  ADH 
secretion which increase permeability of distal tubules 
and collecting ducts to water which increase H2O 
absorption and decrease urine volume and vice versa
#ADH depends on the osmolarity (ECF)
#in dehydration less water available less ECF it will 
increase stimulation of ADH which increase the 
permeability particularly in distal tubules and collecting 
ducts to water (more absorption from filtrated fluid it 
will decrease urine formation) and opposite happen if 
decreased ECF and increased osmolarity

Osmolarity ECF

- -



DILUTE AND CONCENTRATED URINE CONT
• Proximal tubule: Reabsorption for water and solutes are equal proportion (Remain 

isosmotic)#the osmolarity of the  fluid which filtrated in Boman's capsule ,it goes 
through the proximal tubules,in proximal tubules the absorption of water continue 
but the osmolarity remain the same (from the beginning in the Boman's capsule to 
the end of proximal tubule it remains isosomatic until the descending loop of 
henle) #isotonic

• Descending: H2O reabsorbed by osmosis & fluids reaches equilibrium with  
surrounding interstitium (Hypertonic) .#the interstitium (inside the medulla)it's 
usually /normally inrease the osmolarity , so in the descending it equilibrate with 
the surrounding

• Ascending: especially thick, water impermeable, solutes heavily reabsorbedÆ
osmolarity about 100 mOsm/L(Hypotonic). No effect of ADH

• Early distal : same as aboveÆ50 mOsm/L.
• Late dist & coll duct: ADH effect



Fig. 13-20b, p. 433
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#the red line it's the part which not normally permeable to water even in the 
presence of ADH (the thick ascending limb of henle)



#in the proximal tubule (isotonic)it's 300 in the 
descending loop of henle (hypertonic)it reaches 1200 
then gradually decrease until it reaches 100 mOsm 
(hypotonic) continue to the collecting duct and this 
under the effect of ADH
#at the descending it increases because only water is 
absorbed and solute remain so water goes to the 
interstitium and thus increase the osmolarity until 
reach the deep part of loop of henle
#in the ascending part (mainly the thick) it's the Na+ 
being absorbed to the  interstitium but not water and 
thus decrease the osmolarity 



Forming concentrated urine
2-Concentrated urine : Maximum urine concentration 1200 - 1400 
mOsmole/L.

 Australian hopping mouse  10000mOsm/L. #this animal doesn'tالكنغر االسترالي
drink water for long time (can tolerate)

For concentrated urine need High ADH level #to increase absorption so 
decrease the volume of the urine  &

Hyperosmotic renal medulla  #this incease the osmolarity of the urine
- Obligatory urine volume 70 Kgm human excrete 600 mOsm/day 
Æminimal volume of urine = 600 mosm/day = 0.5 L/d

1200 mOsm/L
#A normal 70kilogram human must excrete about 600 milliosmoles of solute 

each day. If maximal urine concentrating ability is 1200mOsm/L, the 
minimal volume of urine that must be excreted, called the obligatory 
urine volume, can be calculated 





Urine Specific Gravity = Weight of 
solutes in a given volume, determined 
by size and numbers of solute 
molecules.
Urine osmolarity = Determined  only 
by the number of solute molecules in 
given volume.   



#increase osmolarity 
increases urine specific 
gravity



3. Countercurrent mechanism .
C.C. Multipleir

Factors contribute in building hyperosmolar 
medulla:

1. Active transport of Na, and Co-transport 
of Cl- and K+, and other ions in thick L.H 

2. Active transport of ions from collecting 
ducts into medulla

3. Passive diffusion of urea from inner 
modularly collecting duct 

4.   Water diffusion far less than solutes



COUNTER CURRENT CONT

- Repetitive reabsorption of NaCl by thick 
segment of  L.H and inflow new NaCl from 
proximal tubule [counter current 
multiplier]#inreasing the osmolarity

- Urea passively reabsorbed from tubule (inner 
medullary collecting ducts), then diffuses into 
thin segment of L.H [urea recirculate and 
creates 500 mOsm/L] .#build up the 
hyperosmolatity in the interstitium 





Fig. 13-17, p. 427
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FIGURE 13-17: Vertical osmotic gradient in the renal medulla. 
Schematic representation of the kidney rotated 90° from its normal 
position in an upright person for better visualization of the vertical 
osmotic gradient in the renal medulla. The osmolarity of the interstitial 
fluid throughout the renal cortex is isotonic at 300 mosm/liter, but the 
osmolarity of the interstitial fluid in the renal medulla increases 
progressively from 300 mosm/liter at the boundary with the cortex to a 
maximum of 1200 mosm/liter at the junction with the renal pelvis.



#cortical tubule start in the cortex ends at the 
outer part of the medulla, the medullary tubule 
goes deep in the medulla
#the medullary nephron their function increase 
in the case of dehydration because in this area 
the kidney will form concentrated urine 
#collecting duct they are permeable to H2O 
under the effect of ADH



#there is equilibrium because 
the membrane of the 
descending part pereamble 
to water

#absorb Na+ thus 
increasing osmolarity

#in the thin ascending there is a NaCl permeability but not active 
it's passive, no water and little urea #in the thick Na permeability is 
zero but it  can be active transport no water and urea

#in distal tubule there is active transport, water depends on the presence of 
ADH but no NaCl and urea ( collecting duct same function) the inner 
medulla (the last part of collecting duct )urea hers depends on the ADH



#First, assume that the loop of Henle is filled with fluid with a 
concentration of 300mOsm/L, the same as that leaving the proximal tubule 
. Next, the active ion pump of the thick ascending limb on the loop of 
Henle reduces the concentration inside the tubule and raises the interstitial 
concentration; this pump establishes a 200mOsm/L concentration gradient 
between the tubular fluid and the interstitial fluid (step 2). The limit to the 
gradient is about 200mOsm/L because paracellular diffusion of ions back 
into the tubule eventually counterbalances transport of ions out of the 
lumen when the 200mOsm/L concentration gradient is achieved.
#Step 3 is that the tubular fluid in the descending limb of the loop of Henle 
and the interstitial fluid quickly reach osmotic equilibrium because of 
osmosis of water out of the descending limb. The interstitial osmolarity is 
maintained at 400mOsm/L because of continued transport of ions out of 
the thick ascending loop of Henle. Thus, by itself, the active transport of 
sodium chloride out of the thick ascending limb is capable of establishing 
only a 200mOsm/L concentration gradient, which is much less than that 
achieved by the countercurrent multiplier system.



#Step 4 is additional flow of fluid into the loop of Henle from the proximal tubule, 
which causes the hyperosmotic fluid previously formed in the descending limb to 
flow into the ascending limb. Once this fluid is in the ascending limb, additional ions 
are pumped into the interstitium, with water remaining in the tubular fluid, until a 
200mOsm/L osmotic gradient is established, with the interstitial fluid osmolarity 
rising to 500mOsm/L (step 5). Then, once again, the fluid in the descending limb 
reaches equilibrium with the hyperosmotic medullary interstitial fluid (step 6), and 
as the hyperosmotic tubular fluid from the descending limb of the loop of Henle 
flows into the ascending limb, still more solute is continuously pumped out of the 
tubules and deposited into the medullary interstitium.
#These steps are repeated over and over, with the net effect of adding more and 
more solute to the medulla in excess of water; with sufficient time, this process 
gradually traps solutes in the medulla and multiplies the concentra-tion gradient 
established by the active pumping of ions out of the thick ascending loop of Henle, 
eventually raising the interstitial fluid osmolarity to 1200 to 1400mOsm/L, as shown 
in step 7.Thus, the repetitive reabsorption of sodium chloride by the thick ascending 
loop of Henle and continued inflow of new sodium chloride from the proximal 
tubule into the loop of Henle is called the countercurrent multiplier. The sodium 
chloride reabsorbed from the ascending loop of Henle keeps adding to the newly 
arrived sodium chloride, thus “multiplying” its concentration in the medullary 
interstitium.





Fig. 13-19a, p. 430

Descending limb
of loop of Henle
of juxtamedullary
nephron

Medullary
interstitial fluid

From
proximal
tubule

To
distal
tubule

Medullary
interstitial fluid

Ascending limb
of loop of Henle
of juxtamedullary
nephron

Initial scene #they are in the same osmolarity



Fig. 13-19b, p. 431
Step 1

#the descending 
part with the 
interstitium they 
are equilibrate 
because the 
membrane of 
the descending 
is permeable to 
water

#in the 
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there is no 
permeability 
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NaCl is 
reabsorbed 
is there is 
hypotonic



Fig. 13-19c, p. 431
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Fig. 13-19d, p. 430
Step 3

#more water 
coming and more 
Na coming
#the descending 
and the 
interstitium are in 
equilibrium at the 
same level 
(moving down in 
the descending 
increase the 
osmolarity)
#the opposite in 
the ascending 
increasing the 
absorption of Na 
decreases the 
osmolarity in the 
ascending but it 
keeps the 
interstitium 
osmolarity high to 
equilibrate with 
the descending 
part



Fig. 13-19e, p. 430
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Fig. 13-19f, p. 431
Step 5



Fig. 13-19g, p. 431
Step 6 and on
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Fig. 13-20a, p. 433
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ROLE OF DISTAL TUBULE & COLLECTING DUCT IN 
EXCRETE CONCENT URINE
1-In cortical collect tubule (#under the influence 
of ADH) large amount of water absorbed more 
than in the medulla to preserve the high 
medullary interstitial fluid osmolarity
2-In medullary collect duct , still more water 
absorbed but smaller than cortical
& absorbed water carried by vasa recta. With 
high ADH the fluid in the collecting duct has 
same osmolarity as interstitial fluid of the renal 
medulla 



# at the early part of 
distal tubule 
collecting it's 
hypotonic  by the 
end of ascending 
limb 100
# at the early part of 
distal tubule 
absorption of water 
and Na+ thus 
increasing osmolarity 
gradually  

#more water is absorbed 
and urea /water is more 
than and it's active for Na so 
more absorption  under the 
influnce of ADH (become 
permeable to water) 
#it reaches the same 
osmolarity of deeper part 
interstitium and deeper part 
of loop of henle



COUNTER CURRENT MECHANISM 
CONT

• Urea contribute to hyperosmotic renal medullary 
interstitial fluid :

#urea reabsorbed mostly in the proximal part
• 1-Contribute about 40-50%
• 2-Urea passively absorbed from the tubule
• 3-Little urea absorbed in ascending limb, distal & cortical 

collecting tubules(not permeate to urea) .
• 4-In the presence of ADH in cortical collecting duct ,water 

absorbed and  then in medullary collecting duct cause 
increase concentration of urea   #because of the water 
absorption



COUNTER CURRENT MECHANISM 
CONT

• 5-Diffuse of urea to medullary interstitial facilitate by specific urea 
transporter(UT-AI)

& (UT-A3) activated by ADH
• 6-Some urea secreted in thin loop from medullary interstitial 

facilitated by (UT-A2) .
#deeper part of the medulla or deeper part of loop of henle in the 
medulla

This  Recirculation #somewhere absorbed and somewhere secreted 
of urea is additional                  

mechanism for forming hyperosmotic renal      
medulla   



#absorbed from 
the renal tubule to 
the interstitium 
then goes to part 
of loop of henle
#to keep the 
osmolarity in the 
medullary part of 
loop of henle at 
high level and 
equilibrated
#countercurrent it's 
mainly increase 
/osmolarity is 
mainly increase in 
the deeper part 
medulla

#In the 
proximal 
tubule,percen
t of the 
filtered urea is 
reabsorbed, 
and the 
remaining 
50% it go to 
the collecting 
and 
reabsorbed 
then the 
remaining 
excreted





VASA RECTA
The key difference between vasa recta and 
peritubular capillaries #surronds the tubule is 
that vasa recta #goes deep in the medulla are 
the special type of peritubular capillaries 
that supply oxygen and nutrients to 
the medulla of the kidney while peritubular
capillaries are the capillaries that arise from 
the efferent arteriole and feed the kidney 
with oxygen and nutrients. #and in the 
cortical part 



VASA RECTA

Vasa recta are a special type of peritubular
capillaries that surround Henle loops of 
juxtamedullary nephrons while peritubular
capillaries are the capillary network arising from 
the efferent arteriole. This is the key difference 
between vasa recta and peritubular capillaries. 
The renal cortex contains a large portion of the 
peritubular capillaries while renal medulla
contains the vasa recta.



#along with the ascending and 
descending





VASA RECTA CONT

• VASA RECTA:
• 1-Less than 5% of renal blood flow #very minimal need of O2  

and nutrients
• 2-Countercurrent exchanger ,reduce wash out of solutes from 

medullary interstitium
• 3-During descending blood becomes concentrated by solutes 

enter and H2O loss 
• 4-In Ascending part vice versa.
• 5-It prevent medullary hyperosmolarity from dissipated.  
#not all of them functioning normally in maximum function level



#there is always 
equilibrium 
between 
descending and 
interstitium
#the more we go 
down the 
osmolarity increase  



#in the proximal the osmolarity is the 
same ,it's increase in the descendig and 
decrease in the ascending, not that 
much increase in the distal but  mainly 
increase in the collecting tubule togather 
forming collecting duct (this part is 
under the influnce of ADH, more ADH 
more osmolarity and thus small volume 
vice versa 

Large osmolarity.....small volume
Small osmolarity.....large volume



DILUTE AND CONCEMTRATED  URINE 
CONT

• Role of early distal & collecting duct: -
• if there is no ADH

this part still impermeable to water.#less osmolarity and diluted 
urine
if there is ADH

this part is highly permeable to water. Water will leave from 
cortical and from juxtamedulary nephrones , but majority in 
cortex, to preserve the high medullary interstitial fluid 
osmolarity.

#the osmolarity is more cortical  part of collecting duct 
-



COUNTER CURRENT EXCHANGER:
- Factors keeping hyperosmolarity :

a. Medullary blood flow is low 1to2% of total renal 
blood flow.

b. Vasa recta structure: descending and        ascending segment.
U-shape minimizes loss of solute from interstitial but does not prevent the 

bulk flow of fluid & solutes into blood through(starling capillary  
circulation)

#the solute in the interstium they will minimize the loss of solute from the 
interstium to keep the high osmolarity   but they can't prevent because 
the absorption will go from interstium to the capillary  (can't prevent the 
absorption on the capillary )

#the vasa recta mainly they don't participate in the develop/inrease/generate  
(countercurrent)of hyperosmolarity in the descending and ascending they 
prevent the disturb/stabilaze the countercurrent


