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Structure of the kidney 

Cortex – the outer layer of the kidney 

 

Medulla – the inner layer of the kidney 

 

LOBES – 8-10         Interstitium 
    Pyramid – the part of medullary tissue,  

    plus the cortical tissue 

    Papilla – the tip of the medullary  

    pyramid 

 

Minor calyx - a cup-shaped drain that 

urine is brought to from the renal papillae. 

 

Urine passes from the minor calyx to the 

major calyx and than to the pelvis 

 

 



Renal interstitium 

   Renal interstitium is a complex structure divided into cortical and 
medullar part 

 

    It serves as an environment for blood vessels and tubules and 
therefore it is known as a key coordinating element 

 

   The interstitial compartment cells: non–hormone-producing 
fibroblasts , microvessels, perivascular cells, renin-producing 
perivascular cells, juxtaglomerular cells, and erythropoietin 

(Epo)-producing fibroblasts 

 

Secretion of erythropoietin (EPO) 

Production of renin 

Regulation of calcitriol production 

Glucose synthesis (gluconeogenesis) 

 The interstitium, located between tubules is barely visible 



NEPHRON  
The functional unit of renal structure and 

function 

Renal tubule Renal corpuscle 

Each human kidney contains about one million nephrons 

The kidney cannot regenerate new nephrons 



Renal corpuscle 

 

1]    Bowman’s  capsule – a membranous 

       double-walled structure around the  

       glomerulus of each nephron 

2]    Glomerulus – a taft of fenestrated  

       capillaries 

 



Bowman’s  capsule 

Double-walled capsule encloses a cluster 

of microscopic vessels (glomerulus) 

 

Bowman’s capsule has; 

- an inner (visceral) layer 

- an outer (parietal) layer  

 

 and between them is subcapsular space 
 



Glomerulus 

The glomerulus contains a network 

of branching capillaries that have 

high hydrostatic pressure  

(60 mm Hg) 

 

They are covered by the inner layer 

of Bowman’s capsule 

Fenestrated endothelium 

characterized by the presence of 

circular fenestrae or pores that 

penetrate the endothelium; these 

pores may be closed by a very 

thin diaphragm 



Renal corpuscle - ultrastructure 

To be filtered  a substance  must  

pass through: 

 

1] Fenestrated endothelium the pores   

    between the endothelial cells of the  

    glomerular capillary 

        

 

2] Basement membrane - an acellular 

structure 

 

3] Foot of the podocytes -the filtration 

slits between  of the inner layer  

of Bowman’s capsule 

The filtration membrane 



The filtration membrane functionally forms the 
glomerular filtration barrier 

The glomerular filtration barrier consists of 

three layers: 

 

- capillary pore of endothelium 

- basement membrane 

- slit between foot of podocytes 

 
 

The glomerular filtration  is the process  

by which  ultrafiltrate is formed 

 

About 20% of the plasma flowing through the 

kidney is filtered through the glomerular 

capillaries – the filtration fraction 
 
 
 
 

Electron microscope 
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The glomerular membrane has strong negative electrical 

charges associated with proteoglycans 

The glomerular filtration barrier 

Negatively charged large molecules are filtered less 

easily than positively charged molecules of equal 

molecular size 

The glomerular barrier selects for two basic molecular 

features: size and charge. As the molecular weight of a 

molecule increases, its capacity for filtration 

progressively and rapidly declines 

 

Furthermore, for any given sized molecules, its capacity 

for filtration progressively and rapidly declines as its 

charge becomes more negative 

 

Because plasma proteins are typically large and 

negatively charged, they are almost totally prevented 

from crossing the glomerular barrier 

 



Renal tubule 

 1. Proximal convoluted tubule 

Regarding ultrastructure, it can be divided into 

three segments, S1, S2, and S3 

High metabolic activity 

 

Finally hypoosmotic fluid 

Cells have microvilli on their luminal surface – border brush 

Proximal tubules have a high capacity for active and passive 

reabsorption. Their cells have large numer of mitochondria 

 



Renal tubule 

- Descending limb of loop of Henle  

- Ascending limb of loop of Henle 

 2. The loop of Henle 

Reabsorption water and sodium chloride from the tubular fluid 

Finally hypoosmotic fluid 

The descending limb is highly 

permeable to water 

Thick ascending segment 

Thin ascending segment 

The ascending limb is virtually 

impermeable to water 



Renal tubule 

3. Distal Convoluted tubule 

       - early DCT 

          - late DCT 

4. Collecting duct 

- Cortical collecting duct 

- Medullary collecting duct  

Regulation of water, electrolyte and acid – base balance 

Osmolality of tubular fluid depends on AHD 

The distal tubules  of several nephrons form a collecting duct 

that passes down into the medulla 



Nephron = renal corpuscle + renal tubules 

The place of  

ultrafiltrate production 

The place of  

tubular reabsorption 

and tubular secretion 

URINE FORMATION 



Types of nephrons: 
 

Cortical and juxtamedullary nephrons 

 

Vasa recta reach deep into 
the inner medulla and they 
are in close contact with 

each other, run down 
around the loop of Henle 

 

The main function of  
vasa recta:  

supply of oxygene and 
nutrients to nephrons, 

deliver substances to the 
nephrons for secretion, 

reabsorption water, 
concentrating and and 

diluting urine  



Capillary network of nephrons 

 

Two types of capillaries:  

 

- Glomerular 
           

                                                  peritubular 

-   Tubular               
                                                  vasa recta 

  

Glomerular capillaries - arise from afferent arteriole 

Peritubular capillaries (postglomerular) -  arise from efferent 

arteriole 
 

The renal circulation is unique in that it has two capillary beds: the glomerular and peritubular capillaries 



The main function of the kidneys 

URINE   FORMATION 

 
• Regulation of acid - base balance 
 
• Gluconeogenesis 



• Glomerular Filtration: filtering of 
blood into Bowman’s space forming 
the ultrafiltrate 

• Tubular Reabsorption: absorption 
of substances needed by body from 
tubule to blood 

• Tubular Secretion: secretion of 
substances to be eliminated from the 
body into the tubule from the blood 

• Excretion: elimination of 
substances via the urine 

Renal processes involved in urine formation:  



Daily totals 
Glomerulat filtration - elimination 

 Filtration ~ 180 liters filtered out/day 
(125 mL/min) 

 Reabsorption ~ 179 liters returned to 
the blood/day 

 ~ 1 liter excreted as urine/day  

  (0.78 mL/min) 

 

About 99% of filtrate is reabsorbed 

 All processes occuring in tubules reduce the 

volume and change the composition of 

glomerular filtrate and eventually form urine 



Glomerular Filtartion Rate (GFR) 

Glomerular filtration rate (GFR) describes 

the filtration process 

  

GFR is the volume of fluid filtered from 

the glomerular capillaries into 

the Bowman's capsule per unit time 
 

ml/min 

There are several different techniques 

used to calculate or estimate the GFR 



Determinants of the glomerular filtration rate (GFR) 

GFR = Kf  x Net filtration pressure  

   The filtration coefficient (Kf ) is a measure 
of the product of the hydraulic conductivity 
and surface area of the glomerular capillaries 

 
The net filtration pressure (NFP) represents the 

sum of the hydrostatic and colloid osmotic forces 

thateither favor or oppose filtration across the 

glomerular capillaries 

GFR as a crucial parameter of renal function 

- Glomerular hydrostatic pressure (PG)   -                  promotes filtration 

- Bowman’s capsule hydrostatic pressure (PB)   -      opposes filtration 

- Glomerular colloid osmotic pressure (πG)   -           opposes filtration 

- Bowman’s capsule colloid osmotic pressure (πB)   - promotes filtration 

 

                          NFP = 60 – 18 – 32 + 0 =  +10 mm Hg 

The forces create net filtration pressure 

  

X 



Inbalance in oppose and promote forces  

1. Increased Bowman's Capsule Hydrostatic Pressure (PB) (barrier, obstruction in urine flow)  decreases GFR  
 

2. Increased Glomerular  Colloid Osmotic Pressure (πG) (dehydration) decreases GFR 

  

3. Increased Glomerular Hydrostatic Pressure (PG) (arterial hypertension) increases GFR 

 

 

1 

3 

2 

What happens if you change one of these pressures? 



The concept of renal clearance  

The concept of renal clearance is the theoretical basis of the measurements of  

glomerular filtartion rate (GFR) and renal blood flow (RBF) 

How to determine the ability of the kidneys for blood purification? 

How different substances are „cleared” from the plasma? 

Renal clearance concept is  based on  

the Fick principle 
 



The Fick principle 

For any substance that is neither 

synthesized nor metabolized by 

the kidneys, the amount that 

enters the kidneys is equal to 

the amount that leaves the 

kidneys in the urine plus the 

amount that leaves the kidneys 

in the renal venous blood 

describes the mass balance relationship 

Input Output 



If the Fick equation is rearranged and  the concentration of  substance x in the renal artery plasma is assumed to 

be identical to its concentration in the plasma sample from any peripheral blood vessel, the following 

relationship is obtained:  

The concept of renal clearance  



Clearance - the volume 

of plasma from which a substance is 

completely removed per unit time; 

- Unit of mL/min. 

- NOT a measure of the concentration 

of a solute 

Aferent arteriole Eferent arteriole 

Plasma with 

metabolic wastes 

Cleared plasma 

Nephron 

This concept is somewhat abstract 

because there is no single volume of 

plasma that is complitely cleared of a 

substance 

The concept of renal clearance  



Glomerular filtration rate (GFR) 

 

 

Any substance that meets the following criteria can serve as an appropriate   

(for clearance!!!) marker for the measurement of GFR  
 

When  Cx  ≈  GFR ? 



Inulin clearance (Cin) equals the glomerular filtration rate (GFR) 

Inulin meets the following criteria:   

- freely filtered 

- not reabsorbed or secreted  

- not synthesized, destroyed, or stored  

- nontoxic  

- its concentration in plasma and urine can be determined by simple analysis 

 

Inulin is  

a fructose 

polymer, stored in 

some plants as an 

alternative food 

reserve to starch  

(eg. chckory) 

 

Cin  =  GFR 



Inulin clearance is the gold standard for measuring GFR  

All  filtered inulin is excreted 

Since the volume of plasma cleared of inulin is the 

volume filtered, the inulin clearance equals the GFR. 

125 ml/min  of inulin passes into the urine 

How to measure Cinulin? 



Inulin is not commonly used in the clinical practice: 

- infused intravenously 

- the bladder is usually catheterized 

- inconvenient - to maintain a constant plasma concentration  

   inulin must be infused continuously throughout measurement  

 
Since inulin is an exogenous substance it is only used for research 

purposes and not as a clinical test 

Inulin clearance equals the glomerular filtration rate (GFR) 

Is there any endogenous substance that has similar characteristics to inulin? 



Creatinine is a breakdown product of creatine phosphate in muscle, and is usually produced  

at a constant rate by the body (depending on muscle mass) 

Exogenous substance Endogenous substance 

Creatinine is slightly 

secreted 

Creatinine 



The endogenous creatinine clearance (CCR) 

- An endogenous  product of muscle metabolism 

- Near - constant production 

 

 

 

 

- Small molecule (114 kDa) 

               - Concentration depending on muscle mass  

               - Inversely proportional to GFR 
 

                

CCR ≈ GFR 

Freely filtered, not reabsorbed but SLIGHTLY SECRETED 

The measurement of creatinine clearance is a valuable 

determinator of GFR but NOT in routine practice. 
 



An alternative approach to determine the GFR  

  in clinical practice is to derive an estimated GFR (eGFR) 

  from the plasma creatinine concentration (Pcr) 

 

 

Several empirical equations have beed developed that allow 
physicians to estimate GFR from  

plasma creatinine concentration, body weigth, age, and gender 

Estimation - a rough calculation of the value, number, quantity, or extent of something. 

Estimation of plasma creatinine concentration  

to the GFR using some equation  



Estimation of plasma creatinine concentration  

to the GFR using some equation  

eGFR 



Relationship between estimated glomerular filtration rate (eGFR) and  
plasma creatinine (SCr) 

The GFR must decline substantially 
before an increase in the SCr can be 

detected in a clinical setting 
 

eGFR can decrease by 50% before 

plasma creatinine concentration rises  

beyond the normal range 

 

SCR is a weak indicator, and not sensitive 

parameter in the early stage of renel 

kidney disease 

 
 

e 



Urine formation 

Ultrafiltrate Tubular fluid Urine 



 Ultrafiltrate - Urine 

Ultrafiltrate – filtrate that has passed through an glomerular barrier in 
the process of glomerular filtration 
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Reabsorption 

 

Secretion 

 

Water conservation 

By the process of reabsorption and secretion, 

the renal tubules precisely control the 

volume, osmolality, composition, and pH of 

the intracellular and extracellular fluid 

compartments. 

Urinart excretion = glomerular filtration – Tubular reabsorption + Tubular secretion 

Reabsorption or secretion across the tubular membranes includes passive or active transport 



General principles of membrane transport  

 Solutes can be transported: 

          - through cells - trancellular pathway  

          - between cells - paracellular pathway 

 

   

Active and passive transport are biological   

  processes that move substances 

 

Passive transport moves solutes from areas of high 

concentration to areas of low concentration; so it does not 

require energy. Movement in accordance with gradients  

 

Active transport requires chemical energy (hydrolysis of 

adenosine triphosphate- ATP) because it is the movement 

of solutes from areas of lower concentration to areas of 

higher concentration. (sodium pump - Na+-K+-ATPase, 

endocytosis) 

 



Passive transport 



Primary active transport 

The sodium – potassium ATPase pump, hydrogen ATPase, hydrogen-potassium 

ATPase, calcium ATPase 

The special importance of 

primary active transport is that 

it can move solutes against an 

electrochemical gradient 



Secondary active transport 

Driven by an ion concentration gradient 

established by a primary active  

transport system to transport  

a solute uphill 

 

 Does NOT require ATP directly 

 

   Requires ATP indirectly to maintain 

sodium gradient 



The tubular transport  
Reabsorption and secretion 



1. Proximal convoluted tubules (PCT) 

In PCT is reabsorbed most of the useful substances  

of the filtrate:  

 

- sodium (65%) – active transport 

- water (65%) – tigh junctions 

- chloride (50%) 

- bicarbonate (90%) 

- glucose, lactose, amino acids ( ≈100%) - second active transport 

 

Proximal tubule secretion: uric acid, bile salts, 

metabolites, some drugs, some creatinine, PAH  

High capacity for active and passive reabsorption 

(mitochondria, brush border) 



BRUSH   BORDER  

Proximal convoluted tubules (PCT) 

The lush brush border (BB) carpets  

the luminal aspect (L) 

The microvilli greatly increase the luminal surface area of 

the cells, presumably facilitating their resorptive function as 

well as putative flow sensing within the lumen 



Proximal tubular reabsorption 

Although the amount of sodium in the tubular fluid 

decreases markedly along the PCT, the concentration 

of Na+, Cl-  and total osmolality remains relatively 

constant because of water permeability of the 

proximal tubules 

 

Glucose, amino acids, HCO3
- are much more 

reabsorbed than water- concentrations markedly 

decreased along the proximal tubules 

 

Creatinine is not actively reabsorbed, and even is 

slightly secreted – concentration incresed along the 

proximal tubules 
 
             

Fig. 1. The changes in concentrations of various solutes along the proximal tubules 

Osmolality – the numer osmoles of solute in  

a kilogram of solvent. (Osm/kg) 

 

Osmolarity – the numer of osmoles of solute in 

a litre of solution (Osm/L) 



Iso-osmotic reabsorption – process in the proximal tubules – the summed total of solutes 

reabsorbed is proportional to water reabsorbed 

Iso-osmotic reabsorption from the proximal tubule 

Na+ concentration inside 

the tubule stays constant 

because H2O  is also 

reabsorbed along  

the tubule –  

fluid volume decreases 

 

 

Whenever a little Na 

moves a little H2O  

follows it 



Glucose reabsorption  
from the proximal convoluted tubules  

1] Na-K-ATPase in the basolateral  

    membrane   pump out Na+ from  

    urine to the blood creates  

    electrochemical gradient 

2] Na+ moving down its       

    electrochemical gradient using the  

    SGLT protein in the luminal  

    membrane pulls  glucose into  

    the cells against  its concentration  

    gradient  

3] Glucose diffuses out the  

     basolateral site of the cell using  

     the GLUT protein   

 

SGLT – sodium-glucose transport proteins 

 

GLUT – glucose transporter  

 

Na-K-ATPase  -  sodium-potassium pump 

 
 



Glucose reabsorption from the proximal tubules –  
secondary active transport 

Secondary active transport  

Basolateral active Na transport 

Facilitated diffusion 

SGLT – sodium-glucose transport proteins 

GLUT2 – glucose transporter 2 

Secondary active transport 

does not require energy directly 

from ATP but from 

electrochemical gradient 



Reabsorption from the proximal tubules – transport maximum  

SGLT2 

 

For substances that are actively or by carrier 

reabsorbed , there is a limit to the rate at which the 

solute can be transported 

 

 

This limit  is due to saturation of the specific 

transport systems involved when the amount of 

solute delivered to the tubule exceeds the capacity 

of the transporters - 

transport maximum for system - Tmax 

 

 

Abnormally high-filtered loads overhelm the 

reabsorptive capacity (Tmax) and substance begins 

to spill into the urine 



Tubular transport maximum (Tmax)  for glucose (G)–    

maximum rate of glucose reabsorbtion by renal tubular 

cells = 375 mg/min in males, and 300 mg/min in 

females 

 

Renal  (glucose) threshold – plasma glucose level at 

which glucose first appear in urine – plasma 

concentration of glucose = 200 mg/dl in atrerial; 180 

mg/dl in venous blood  

This value is much less than the value for Tmax 

 

Splay – the rounding of glucose reabsorption curve 

between threshold and Tmax due to the heterogeneity of 

nephrons. Means not all nephrons have Tmax  of 375 

mg/min 

                       

Glucose handling by the kidneys can be 

assess using Glucose titration study  

The relation between plasma concentration of glucose, filtered load of 

glucose, tubular transport maximum for glucose, and rate of glucose loss  

in the urine 

Glucose reabsorption  
from the proximal tubules – transport maximum  



2. The loop of Henle 

Loop of Henle reabsorbes 

25% of the filtered NaCl and 

15% of the filtered water 

 

Water reabsorption occurs in 

the descending limb through 

water channels - Aquaporins 

(AQPs) AQP1 

 

The thick ascending limb 

does not reabsorb water 

because it does not express 

water channels 

 

The thick ascending limb 

produces a tubular fluid that 

is dilute relative to plasma – 

diluting segment  



Reabsorption within the loop of Henle 

The countercurrent 

multiplier system 

The 1Na-1K-2Cl 

symporter in the thick 

ascending limb is the 

machine that separates salt 

from water – the target for 

the loop diuretics 

(furosemide) 

Loop diuretics inhibit 

Na-K-2Cl symporter. 

Acts on the cortical and 

medullary segments of 

the ascending limb of 

the loop of Henle. 

Increase the excretion of 

sodium, potassium, 

chloride and water 



Passive water reabsorption by osmosis 

A large part of osmotic flow of water occues through the so-called tight junctions. They 
allow water and small ions to pass through the epithelium 

Some part of the renal tubule, especially the proximal tubule, are highly permeable to water.  
In the most distal parts of the nephron the tight junctions become far less permeable to water 

                                                                                                

 

 

 

 

 

 

                                            

Water permeability in the last parts of the tubules-the distal tubules, collecting tubules 
an ducts-can be high or low, depending on the presence of absence of ADH 

 

After absorption across the tubular cells water is transported the rest of the way through 
the peritubular capillary walls into the blood by ultrafiltration (bulk flow) that is 

mediated by hydrostatic and colloid osmotic forses 

Due to hydrostatic  and osmotic forses  



Aquaporins 

Aquaporins are not ion channel. 

They are water channels that allow 

the movement of water molecules 

down their concentration gradient 

at times of need. Passive transport. 



Aquaporins in the nephron 

Genetic diseases caused by loss-of-function mutations in 

aquaporins include  

nephrogenic diabetes insipidus and congenital cataracts 



Water permeability in the nephron 
CHANGE IN URINE OSMOLARITY 

50-1400 mOsm/L 

 

A] The kidneys excrete excess water by forming  

     a dilute urine 

- The rate of ADH secretion determines  

   whether the kidney excretes a dilute of a  

   concentrated urine 

- Tubular fluid remains isosmotic in the PCT 

- Tubular fluid becomes dilute in the ascending  

   loop oh Henle 

- Tubular fluid in distal and collecting tubules  

   is further diluted in the absence of ADH 

 

B] The kidneys conserve water by excreting  

     a concentrated urine 

- A high level of ADH 

- A high oslolarity of the renal medullary  

   interstitium – countercurrent mechanism 

Most filtered water is reabsorbed proximally. 

Variable amounts of what remains are reabsorbed 

distally under the control of ADH 



3. Early and late distal tubules and 
collecting tubules 

Early distal tubule 

Na-Cl symporter is the target  

for the thiazide diuretics 

! 
The sodium-potassium ATPase pump 



Principal cells of the late distal tubule and 
cortical collecting duct 

 

 

The principal cells are the primary 

sites of action of the  

potassium-sparing diuretics : 

 

- Aldosterone antagonists (spironolactone) 

 

-   Na+ channel blockers (Amiloride)  

 

Aldosteron 

Sodium 

reabsorption and 

potassium secretion 

depend on the 

activity of a 

sodium-potassium 

ATPase pump in 

basolateral 

membrane of 

principal cells 



Aldosterone action in the principal cells 
Cortex of the 

adrenal gland 

Aldosteron promote  

K+ secretion and Na+ 

reabsorption 

Aldosterone 

antagonists 

compete with 

aldosterone for 

receptor sites in 

the principal cells 

and thetefore 

inhibit the 

stimulatory effects 

of aldosterone on 

sodium 

reabsorption and 

potassium 

secretion 



Intercalated cells of the late distal tubule 
and cortical collecting duct  

Intercalated cells secrete hydrogen 

(by a hydrogen-ATPase)  

and reabsorb bicarbonate and 

potassium ions 

 

 

There are two types of cells: 

- Type alpha (A) 

- Type beta (B) 
 



Alpha (A) and beta (B) intercalated cells play a key 
role in acid-base regulation of the body fluid 

Metabolic acidosis 

results in the 

conversion of beta-

intercalated cells to 

alpha-intercalated 

cells–giving the 

kidney a greater 

ability to secrete 

protons and return 

pH to the normal 

range.  

This conversion 

event is regulated by 

a secreted 

extracellular matrix 

molecule called 

hensin 

hydrogen-ATPase 



Countercurrent mechanism system 

Interaction between the flow of filtrate through the loop of 

Henle (countercurrent multiplier) and the flow of blood 

through the vasa recta blood vessels  

(countercurrent exchanger) 

The countercurrent mechanism depends on the special 

anatomical arrangement of the loops of Henle and  

the vasa recta, the specialized peritubular capillaries of the 

renal medulla 

This is a mechanism that expends energy to create a concentration gradient 

The gradual difference in concentration of 

a dissolved substance in a solution between  

a region of high density and one of lower density 

Countercurrent - a current flowing in an 

opposite direction to another 



Countercurrent multiplier system 

A large vertical osmotic gradient is established in the 

interstitial fluid of the medulla 

 

This osmotic gradient  exists between the tubular 

lumen  and the surrounding  interstitial fluid 

  

Osmotic gradient in the renal medulla 

The loop of Henle produces high osmotic 

medullary gradient  maintained by the operation 

of the vasa recta act as a countercurrent 

exchangers as the flow of fluid  and solute is  

in the opposite direction 

This process gradually traps 

solutes in the medulla and 

multiplies the concentration 

gradient establish by the active 

pumping of ions out of the thick 

ascending loop of Henle, 

eventually raising the interstitial 

fluid osmolarity to 1200 mOsm/L 
 



Countercurrent exchanger system 

It helps to maintain the hyperosmolarity of medulla 

while providing blood to renal medulla 

 

Created by the vasa recta supplying the long loop of 

Henle  

As the blood passses through the descending part of the 

vasa recta is looses water and gain solute due to 

increasing osmolarity in medullary interstitium  

 

Reverse happens when the blood returns back through 

the ascending part of the vasa recta 

 

Thus hypromolarity of medulla remains undisturbed   



Urea tubular handling 

         UREA  CIRCULATION IN THE KIDNEY 

                  Freely filtered 

                Reabsorbed from proximal tubule 

                Secreted into loop of Henle 

                Reabsorbed again from collecting duct 

 

Urea is passively reabsorbed from the tubules 

 

Passive urea reabsorption  

is facilitated by specific urea transporters (UT)  

They are regulated by ADH 

 

Urea can recycle between thin limb of the  

loop of Henle and inner medullary collecting duct 



5 basic mechanisms of the countercurrent multiplier 

system: 

 

A. The active salt pump in the thick ascending limb is 

able to transport NaCl out of the lumen into the 

interstitial fluid. Impermeable to water.  

B. Descending limb – freely permeable to water but 

relatively impermeable to dla Na+ and Cl-  

C. Variable permeability of the collecting ducts to water 

depending upon levels of ADH. 

D. Recycling of urea: collecting duct – medulla. Urea 

accounts for 40% of high osmolarity of medulla. 

 

Countercurrent multiplier system - summary 

The Countercurrent Exchange System  

The vasa recta are arranged as a countercurrent 

exchange system that enables them to supply blood to 

the medulla without subtracting from its salinity 

gradient. 

ADH 
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