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Recap about the thick ascending limb of Henle: 

➢ The main transporter is the sodium chloride potassium 

channel. This channel transports Na+ & 2Cl- & K+ from the 

tubular fluid into the tubular cells causing their reabsorption. 

➢ Loop diuretics (ex. Furosemide): that blocks the sodium 

chloride potassium (Na-K-Cl) channel, so more excretion of 

salts and fluids which will decrease blood volume/the 

extracellular compartment volume, so blood pressure 

decreases. BUT it also causes loss of potassium as it prevents 

its reabsorption causing hypokalemia on the chronic use. 

➢ The thick ascending limb of Henle is the is the diluting 

segment because water permeability is virtually absent. 

➢ The voltage drag process: The high density of positive charge 

causes high repulsion between the positive ions that causes it 

to be reabsorbed through the paracellular route.  

The positive charge is due to the leak of potassium into the 

lumen mainly because of high intracellular potassium. 

➔ So, fluid will flow in the early distal tubule (early segment of distal convoluted tubule) after passing 

through thick ascending loop Henle. The distal convoluted tubule is divided into early and late segments 

because they are two functionally distinct segments. The late distal is combined to the collecting tubule as 

they are characteristically similar. Now lets start with the early distal tubule. 

 

Early Distal Tubule: 

▪ The first cells in the walls of tubules are the macula densa cells 

which are important in the renal autoregulation (the 

tubuloglomerular feedback) as part of the juxtaglomerular 

apparatus. 

▪ The next cells are the classical cells of the early distal tubule 

that will perform the function of reabsorbing sodium. The main 

channel present here is the Na+/Cl- channel on the 

luminal/tubular side it transports Na+/Cl- by using the gradient 

that is produced by the Na+/K+-ATPase, so the Na and Cl are 

reabsorbed. Chloride is reabsorbed through its own channels to 

the peritubular capillaries. 

▪ There are group of drugs specialized to block this channel called 

Thiazide diuretics, they selectively block this channel, therefore 

function as a diuretic, because when they block the Na+ and Cl- reabsorption, a large amount of it will be 

stuck in tubular fluid, and water follows solute, so diuresis happens (So more sodium chloride and water 

volume will be lost which will reduce blood pressure). 

▪ Almost 5% of sodium chloride is going to be reabsorbed in early distal tubule. 
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The early distal tubule is: 

 Functionally similar to thick ascending loop of Henle (in terms of water reabsorption: impermeable to 

water). 

 Not permeable to water (also called diluting segment). This is similar to thick ascending loop of Henle, so 

the presence of sodium reabsorption in this segment will make the tubular fluid more diluted. 

*So, dilution continues from thick ascending loop of Henle to the early distal tubule. 

 Active reabsorption of Na+, Cl-, K+, Mg++ 

 Contains macula densa. 

 

Late distal tubule and collecting duct: 

Late distal tubule and collecting duct are 

composed of two functionally and anatomically 

distinct types of cells: principal cells & 

intercalated cells. 

1. Principal cells: are characterized by 

the presence of ENac (Epithelial 

sodium channels)→ENac channels will 

cause Na+ reabsorption→the 

reabsorbed Na+ will be pumped out by 

Na+/K+ Atpase (present on basal 

membrane) and at the same time it 

increases intracellular potassium→this 

intracellular k+ will build up→ causing 

its secretion into the tubular 

fluid/lumen (in other words it will be like there is one transporter that reabsorbs Na+ and 

secretes k+, but actually it is not just one transporter doing that, BUT ENac will indirectly causes 

more K+ secretion to the lumen due to increased Na+ reabsorption). 

 

 

 

 

 

 

 

 

 

 

 

Already discussed. 

Aldosterone hormone will stimulate both the Na+/K+ Atpase and the ENac (Epithelial sodium 

channels). When is aldosterone hormone secreted? It has 2 stimulants: 

1- Hyperkalemia: increased blood conc of K+ will stimulate aldosterone secretion from adrenal cortex→ 

acts on principal cells activating Na+/K+ Atpase and the ENac→ increasing Na+ reabsorption as well as 

K+ secretion→ which will eliminate excess potassium and correct the potassium level in blood. 

2- Angiotensin 2: Hypotension, hypovolemia, haemorrhage, or low salts will stimulate angiotensin 2 that 

will stimulate aldosterone secretion thus increasing Na+ reabsorption (remember hypotension→ renin 

secretion that will convert angiotensinogen to ang 1→Ang1 will be converted to ang2 by ACE → 

aldosterone secretion by ang 2→ sodium retention→ blood pressure rises). 

 

*Both these 2 stimulants will cause Na+ reabsorption, but aldosterone also increases K+ secretion, 

aldosterone is the primary regulator for the potassium in our body, greater than its role in sodium.  

 



➔ ENac channel is blocked by Amiloride (K+ sparing diuretic), it is a diuretic because it blocks the 

reabsorption of Na+ (cause diuresis by loss of sodium and fluids), BUT it is also causes potassium-sparing 

because it blocks the secretion of k+ into the tubular fluid. This means it causes diuresis, but it doesn’t 

decrease k+ concentration in blood (K+ sparing). 

 

➔ Amiloride inhibits ENac. Aldosterone stimulates ENac.  

 

 

2. The Intercalated cells: Their main function is to maintain acid-base balance in our body fluids. Our body 

tends to produce acids more than bases so we tend to have acidosis (our plasma secretes a lot of acids), but 

surely alkalosis may also occur. There are 2 types of intercalated cells (Type A and Type B): 

 

➢ Type A: Activated by Acidosis: 

 

H+ ATPase pumps (present on luminal surface) secrete H+ (needs energy).  

H+ is produced by the action of carbonic anhydrase: 

 

 

 

 

 

➔ Classically intercalated cells secrete hydrogen to tubular fluid & reabsorb the bicarbonate back to blood to 

neutralize the acids that the body produced to prevent acidosis. 

 

➢ Type B: Activated by Alkalosis (more bases): Here the channels are in an opposed direction → 

reabsorption of H+ (neutralize bases) and secretion of bicarbonate (get rid of bases).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Tubular 

fluid Blood 

Reabsorbed to blood. 
Secreted into tubular fluid. 

Permeability to water in late distal and collecting ducts is variable and depends on antidiuretic hormone 

(ADH).  

➔ In the presence of ADH in late distal and collecting ducts (which is stimulated in dehydration or 

increased osmolarity in body fluids)→ activation of insertion of aquaporin channels on apical and basal 

membranes → increase permeability to water in late distal and collecting ducts → water become able 

to reabsorbed by osmosis to peritubular capillaries from tubular fluid → decreasing urine volume, 

concentrating the urine, preserving body fluids, and increasing blood pressure (if its already low, it 

can be increased). So ADH prevents the high volume of urine & increases the extracellular fluids and 

blood pressure.  

 

➔ In the absence of ADH in late distal and collecting ducts: There is almost no permeability for water 

(or very low). We know that the fluids coming from the early distal tubule are very diluted, so if the 

late distal and collecting ducts are also impermeable to water then the urine will be very diluted with 

low osmolarity and high volume of urine because there is no or very low reabsorption of water. 

*Remember: in thick ascending and early distal tubule → impermeable to water →tubular fluid is diluted. 

 



Early and Late Distal Tubules and Collecting Tubules: Collecting tubules have 2 

parts: cortical or medullary (collecting ducts also can have medullary).  

➔ They differ in urea permeability: cortical collecting tubules have very limited/poor 

permeability to urea, but medullary collecting tubules/ducts is permeable to urea.  

 

 

 

 

 

 

 

 

 

 

 

 

Late Distal and Cortical Collecting Tubules Principal Cells – Secrete K+: 

The main characteristic in these cells is their ENac channels which 

reabsorb Na+ and cause K+ secretion into tubular fluid. Notice that 

when amiloride blocks ENac, it blocks the Na+ reabsorption (diuresis 

function) & blocks K+ secretion (preserves K+ inside the body). This is 

the opposite of what happens in the other diuretic types we discussed 

which do not preserve K+. 

➔ Aldosterone antagonists (also diuretics), that block 

mineralocorticoids receptors (aldosterone receptors). If 

aldosterone stimulates Na+-K+ atpase and ENac in principal cells, 

so blocking aldosterone will result in sparing of K+ and diuresis 

(ex. Spironolactone), (almost the same action of Amiloride). 

Urea reabsorption in medullary collecting ducts: 

This characteristic gives the kidney the capability of concentrating urine which will 

increase interstitial osmotic pressure in medulla. 

➔ So, as we go down in medulla→ more interstitial osmotic pressure → more 

capability of water reabsorption in presence of ADH. 

This is a characteristic especially to the juxtamedullary nephron (most of their collecting 

tubules are in the medulla). 

 

  

Both are not very permeable to urea; this is opposite to medullary collecting ducts. 

Demonstrating principal cells 



Late Distal and Cortical Collecting Tubules Intercalated Cells –Secrete H+: 

Main function of intercalated cells: Acid-base balance in 

both acidosis and alkalosis. 

Types of transporters in intercalated cells: 

➢ H+ Atpase pump: How different is this pump from 

the Na+/H+ exchanger in thick ascending limb and 

the proximal tubule? 

 

1- No exchange with sodium in H+ Atpase pump 

present in intercalated cells. 

2- More effective in secreting H+ than Na+/H+ exchanger in TAL and the proximal tubule (more 

powerful in secreting H+ against its gradient). 

- Na+/H+ exchanger in thick ascending limb and the proximal tubule → can secretes H+ 

against its concentration gradient only 10 times. 

- BUT, here the H+ Atpase pump in intercalated cells → secretes H+ even though against 

gradient 1000 times more! This makes the intercalated cells have a much greater ability in 

acid-base balance compared to proximal tubules or thick ascending tubules. 

 

➢ H+-K+ countertransport: reabsorption of K+ and secretion of H+ 

 

Transport characteristics of medullary collecting ducts: 

As discussed before: In medullary specifically there is urea 

reabsorption (so there is permeability to urea compared to 

cortical collecting tubules which has no urea permeability), its 

concentration increases in the matrix. So, if ADH is activated, 

urine becomes more concentrated, water is highly reabsorbed to 

get the water back from the tubular fluid. 

 

 

Normal Renal Tubular Na+ Reabsorption: 

If we look at sodium reabsorption in all parts of nephron→ 

Firstly, in the proximal tubule (about 65% of the tubular Na+ 

reabsorbed), after that in the thick ascending limb (25% from 

filtered Na+ is reabsorbed), after that in early distal (5%), and 

in late distal and collecting ducts (2.4%). Finally excreted Na+ 

(0.6%). Less than 1% from filtered Na+ is excreted.  

Demonstrating intercalated cells 

H+ Atpase 

H+-K+ countertransport 



  

Changes in concentrations of substances in the renal tubules: 

The graph on the right depicts the changes in 

concentrations of different substances in different 

segments of the renal tubule (In different segments we can 

notice different concentration percentages). 

Remember: the different concentrations are measured as 

Tubular Fluid Concentration of the substance divided by 

Plasma Concentration of the same substance (tubular fluid 

conc/plasma conc ratio). 

Changes in this ratio are due to tubular fluid concentration 

changes not plasma concentration. 

The ratio can be more than one, less than one, or around 

one (substances around 1 ratio is mainly in the proximal 

convoluted tubule and may vary in its ratio) 

 

 

 
Concentrations of solutes in different parts of the tubule depend on: 

➔ Relative reabsorption of the solutes compared to water. 

 

If water is reabsorbed to a greater extent than 

the solute, the ratio is more than one because 

the solute has poor reabsorption so it will 

become more concentrated in the tubule, it 

may also be secreted in addition to filtration to 

give a higher ratio (e.g. creatinine, urea, inulin, 

PAH: para-aminohippuric acid). 

 

If water is reabsorbed to a lesser extent than the 

solute (the solute is reabsorbed to a much higher 

extent than water reabsorption), the ratio here is less 

than one because the solute will become less 

concentrated in the tubule (e.g. glucose and amino 

acids especially in the proximal convoluted tubule, 

bicarbonate, and also sodium may be reabsorbed 

more than water in some segments). 

 

➔ So that’s why the different concentrations of solutes between segments can be explained by the 

different permeabilities of water. 

Note from the Book for better understanding: Whether a solute will become concentrated 

in the tubular fluid is determined by the relative degree of reabsorption of that solute 

versus the reabsorption of water. If a greater percentage of water is reabsorbed, the 

substance becomes more concentrated. If a greater percentage of the solute is reabsorbed, 

the substance becomes more diluted. 



 

  

▪ Inulin is an exogenous polysaccharide substance, if given experimentally, it will be freely 

filtered as water, but it will not undergo neither reabsorption nor secretion, and will be 

excreted unchanged (so its filtration rate equals its excretion rate, and its clearance is the 

same as the GFR so it is used for GFR calculation, this point will be more discussed in the 

next lecture).  

 

➔ So, if inulin is not reabsorbed nor secreted (constant amount), but its concentration 

across the nephron is increasing, what does this reflect?  

That there is water reabsorption, this will help us to measure the water reabsorption 

in different segments (see the example on the next page). So, changes in inulin 

concentration at different points along the renal tubule, therefore, reflect changes in 

the amount of water present in the tubular fluid. 

 

 

▪ Creatinine concentration is little higher than inulin this is because it undergoes secretion. 

 

▪ PAH (para-aminohippuric acid) is also an exogenous substance, but when given to a person, it 

is freely filtered BUT is extensively secreted because it has a much higher concentration than 

inulin which is not secreted nor reabsorbed. It has a very high secretion to an extent that its 

excretion rate is equal to plasma flow rate in kidney (renal blood flow), that’s why it’s used in 

measuring renal blood flow. 

 
Using Inulin in calculating water reabsorption in different segments: 

 
➔ Example: The figure below shows the concentrations 

of inulin at different points along the tubule, 

expressed as the tubular fluid/plasma (TF/Pinulin) 

concentration of inulin. If inulin is not reabsorbed by 

the tubule, what is the percentage of the filtered 

water that has been reabsorbed or remains at each 

point? What percentage of the filtered water has 

been reabsorbed up to that point? 

 

Tubular Fluid/Plasma Inulin Concentration Ratio Can Be Used to Measure Water Reabsorption by the Renal 

Tubules. Once Inulin is filtered, its tubular fluid conc/plasma conc ratio is 1 (*In general plasma conc is 

constant but tubular fluid conc is changeable).  

Point A: The tubular fluid/plasma concentration ratio for inulin rises to about 3.0 at the end of the proximal 

tubules, indicating that inulin concentration in the tubular fluid is three times greater than in the plasma and 

in the glomerular filtrate. Because inulin is not secreted or reabsorbed from the tubules, a tubular 

fluid/plasma concentration ratio of 3.0 means that only one third of the water (33.33%) that was filtered 

remains in the renal tubule and that two thirds (66.67%) of the filtered water has been reabsorbed as the 

fluid passes through the proximal tubule. So this change is due to the diluent/solvent change by reabsorption 

and not from inulin, because inulin hasn’t changed (not reabsorbed nor secreted). 

Point B: The Inulin ratio becomes 8 → so 1/8 (12.5%) of water remains, and the rest (87.5%) is reabsorbed. 

Point C: The Inulin ratio becomes 50 → so 1/50 (2%) of water remains, and the rest (98%) is reabsorbed. 

 

 



 

  

Regulation of Tubular Reabsorption 

 We mentioned in the previous lectures the importance of GFR regulation, 

and now we will talk about regulation of reabsorption because at the end 

we need balance between both of them to achieve renal homeostasis. 

Recap ➡ we said that the tubular reabsorption mechanism is the 

transport of the desired nutrients from the tubular lumen into the tubular 

cells. Then, the nutrients pass to the Interstitium and complete passing 

until reaching the peritubular capillaries and the nutritional passage into 

the peritubular capillaries is called BULK FLOW, which depends on: 

1- Glomerulotubular Balance (achieved by hemodynamic forces) 

(intrinsic adjustment of reabsorption rate that results from changes of GFR) 

If GFR increased and we couldn’t control it or it was controlled and decreased down to a certain level 

but was still considered high→ tubular reabsorption increases to avoid excessive urine loss.  

 

2- Peritubular Physical Forces (Hydrostatic and colloid osmotic forces govern the rate of reabsorption 

across the peritubular capillaries) 

 

3- Hormones (the strongest factor and each one acts selectively on different substances). See the table 

below. 

- aldosterone  

- angiotensin II  

- antidiuretic hormone (ADH)  

- natriuretic hormones (ANF)  

- parathyroid hormone  

 

4- Sympathetic Nervous System  

5- Arterial Pressure (pressure natriuresis)  

6- Osmotic factor ( e.g If a substance has a high osmotic pressure and it’s filtered → this will cause changes 

in reabsorption process) 

 

Before moving to another topic, this is a useful table from 2019 that summarize diuretics. 



 

  

This table is extra, From Guyton 

It’s useful though 😉 

Note that each hormone acts selectively on different substances. 
Glomerulotubular balance 

The graph on the right depicts the relationship between Tubular load and Tubular Reabsorption. 

Tubular load → filtered amount of 

renal plasma fluid (represents GFR) 

➔ We can notice that as the concentration of the 

substance that has been filtered (Filter/ 

Tubular Load) increases, the tubular 

reabsorption also increases (up to a limit/ 

reaches plateau at the end) in an attempt to 

adjust the tubular reabsorption to an extent to 

become compatible with the increase in the 

Tubular load that was due to the increase in the 

filtration load (GFR). 

 
The Importance of Glomerulotubular balance in minimizing the changes that 

can take place in urine volume due to changes in the Glomerular Filtration Rate. 

Referring to this table in the case of “No 

Glomerulotubular Balance”:  

➔ If the GFR increased from 125 ml/min 

(normal value) to 150 ml/min, and 

reabsorption did not change (stayed as 124), 

because there was no Glomerulotubular 

balance → the urine volume will rise from 1 

to 26 ml/min.  

In the previous lectures, we discussed the importance of 

Tubuloglomerular feedback/Balance. 

➔ The tubuloglomerular feedback is the feedback that can 

change/ modify glomerular filtration rate while the 

Glomerulotubular balance is the balance that takes place 

between the GFR and tubular reabsorption (notice that 

reabsorption is the thing that is going to be modified here). 

 

 

 

Kidneys regulate this salt excretion 
by modulating the rapport between 
glomeruli and tubules. The tubules 
respond to glomeruli with 
Glomerulotubular balance, whereas 
glomeruli respond to tubules 
through tubuloglomerular feedback. 



 

  

➔ But when there is no Glomerulotubular balance (loss of filtered substances occurs) , 

and the reabsorption is not increased upon the increase in the GFR → the reabsorption 

percentage will be reduced because there is no adjustment or modification for the 

reabsorption→ 124/150 *100 = 82.7 % 

 

➔ If we calculate the percentage of reabsorption in the normal case 124/125 *100 = 99.2 % 

(this percentage indicates that from the filtration, 99.2% was reabsorbed back). 

 

Referring to the previous table in the case of “Perfect Glomerulotubular Balance”: 

➔ When the GFR increased from 125 to 150, the reabsorption is also adjusted to increase from 

124 to 148.8 → the urine volume will be 1.2 and the percentage of reabsorption equals 99.2%  

This represents the case of “Perfect Glomerulotubular Balance”, meaning that there was an 

adjustment for the reabsorption, in order to prevent any changes in the urine volume (the urine 

volume stays at the same value present when the GFR and Reabsorption values are normal).  

• So again.. if hypertension raised GFR to 180 → Autoregulation is achieved and GFR is decreased down to 

150→ Also, reabsorption increases from 124 to 148.8 as a compensatory mechanism (Glomerulotubular 

balance is achieved) to avoid excessive urine loss.  

•  

The perfect situation is ; when GFR increases → GFR autoregulation + compensatory increase 

in tubular reabsorption /glomerulotubular balance  

 

Regulation in both GFR and tubular reabsorption. 

 

Peritubular capillary reabsorption 

Remember: we have talked previously about 

the forces that govern the glomerular 

filtration.  

NOW, we will discuss the forces that 

govern the Peritubular Capillary 

Reabsorption / BULK FLOW. 

➔ After reabsorption and transport take 

place, all absorbed water and solutes 

will flow from interstitium to 

capillaries as bulk flow. 

The type of forces is the same, but here we 

are talking about tubular cells (that form 

the wall of the tubules) and peritubular 

capillaries. 

 

Notice that the values of the forces here 

are different from that of the glomeruli or 

Bowman’s Capsule, BUT the direction of 

the forces are the same. 



 

  

These hemodynamic forces are:  

1- Capillary Hydrostatic Pressure = 13 mmHg, and the 

direction of this pressure is to the outside of the capillary.  

2- Interstitial Hydrostatic Pressure = 6 mmHg, it is found in 

the hydrostatic fluid and it is directed into the capillaries.  

3- Capillary Oncotic Pressure = 32 mmHg, it is directed 

toward the inside of the capillary.  

4- Interstitial Fluid Oncotic Pressure = 15 mmHg, and it is 

directed toward the outside of the capillary 

➢ Since the processes occurring in the Peritubular capillaries are reabsorption processes NOT 

filtration process (as in the glomeruli), and therefore when we want to calculate the Net 

Reabsorption Pressure, we consider that any force toward reabsorption is POSITIVE, and 

any force against reabsorption is NEGATIVE. 

 

➔ Capillary Hydrostatic Pressure and the Interstitial Fluid Oncotic Pressure → NEGATIVE 

pressures 

➔ Interstitial Hydrostatic Pressure and Capillary Oncotic Pressure → POSITIVE pressures. 

➢ The net reabsorption pressure is the process of water and sodium 

reabsorption represented by the BULK FLOW or diffusion into the 

peritubular capillaries.  

 

➔ The NET REABSORBTION PRESSURE = +6 +32 -13 -15 = 10 mmHg  

▪ This is the normal reabsorption value and there is small leakage that exists normally. 

➢ But if any changes took place to these forces → net reabsorption would be affected  

 

For example if the oncotic capillary pressure decreases → net reabsorption decreases → 

accumulation of bulk flow → back leak of fluids and return back through the intercellular 

junction into tubular fluid → decreases the whole reabsorption process 

 

➢ So reabsorption doesn’t depend only on transporters (in tubular cells) but also on 

hemodynamic forces( in peritubular capillaries and interstitium).  
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Filtration rate and Excretion rate 

When Excretion is less than 

Filtration (Excret s < Filt s) 

When Excretion is more than 

Filtration (Excret s > Filt s)  

 

Part of the 

substance is 

Reabsorbed. 

The substance had 

undergone a net 

Secretion 

Reabsorption = Filtration – Excretion 

 

measure the Tubular 

Secretion Rate. 

Secretion = Excretion - Filtration 

Filt s = GFR x Ps 

(Ps = Plasma conc of s) 

We can calculate the Filtration Rate [filtered load] for a particular 

substance by multiplying the GFR (Glomerular Filtration Rate) by 

the concentration of the substance in plasma. 

Excret s = Us x V 

(Us = Urine conc of s 

V = urine flow rate) 

In order to calculate the excretion rate, multiply the concentration 

of the substance (that we are measuring its reabsorption) in the 

urine by the urine flow rate. 

 

 

measure the Tubular 

Reabsorption Rate. 

If 

reabsorption 

was negative 

→ secretion 

has occurred 



 

  
▪ The Glomerular Filtration Rate is a function in the Glomeruli that does not depend on 

the type of the substance = 125 ml/min  

The concentration of the substance is measured in mg/ml.  

➔ The Filtration rate is measured in mg/min. 

▪ The Urine concentration of a substance is measured in mg/ml.  

The urine flow rate is measured in ml/min. 

➔ The excretion rate is measured in mg/min. 

Example: Given the following data, calculate the rate of Na+ filtration, excretion, reabsorption, and secretion.  

GFR =100 ml/min (0.1 L/min)  

PNa= 140 mEq/L  

urine flow = 1 ml/min (.001 L/min) 

urine Na conc = 100 mEq/L  

 

➢ Answer:  

We know that the Na is reabsorbed, but in case we don’t know, we first need to calculate the filtration and 

excretion, then we see which one is higher in order to decide whether absorption or secretion occurred.  

 

Filtration Na = GFR x PNa = 0.1 L/min x 140 mEq/L = 14 mEq/min  

 

Excretion Na = Urine flow rate x Urine Na conc = 0.001 L/min x 100 mEq/L = 0.1 mEq/min  

 

Now, we can see that the filtration is much higher than the excretion: 

 

➔ Reabsorption occurs.  

 

Reabsorption Na = Filtration Na - Excretion Na = 14.0 - 0.1 = 13.9 mEq/min  

 

➔ Secretion Na = There is no net secretion of Na since Excret Na < Filt Na 

Be careful to the 

units while solving. 

The Concept of Transport Maximum 

As we mentioned earlier when we discussed glucose transport, some substances 

have a maximum rate of tubular transport due to saturation of carriers, limited 

ATP, etc. 

➔ Transport Maximum: Once the transport maximum is reached 

for all nephrons (the transporters are saturated with the 

substance), further increases in tubular load (concentration of 

this substance in the tubular fluid) is not going to be 

reabsorbed instead they are going to be excreted through 

urine. 

Transport maximum is the 

maximum amount of 

substance that can be 

reabsorbed based on the 

number of transport proteins 

available 



 

  

➔ Threshold: is the tubular load (concentration of the substance) at which transport maximum is 

exceeded in some nephrons. This is not exactly the same as the transport maximum of the whole 

kidney because some nephrons have lower transport max’s than others. 

In other words, there might be a certain concentration of a substance in the tubular fluid, and some nephrons 

reach their transport maximum at this concentration, but the rest of the nephrons are still not reaching their 

transport maximum.  

At the threshold we notice an increase in the excretion of a certain substance, but some other nephrons can 

still reabsorb this substance. 

▪ Transport maximum and Threshold are related terms, but they are not the same.  

▪ Transport maximum is related to substances that are actively reabsorbed through their own 

transporters.  

▪ The following are examples of substances having a transport maximum and a threshold: glucose, 

amino acids, phosphate, sulphate, lactate. 

MCQ QUESTION: A uninephrectomized patient (having one kidney) 

with uncontrolled diabetes has a GFR of 90 ml/min, a plasma glucose of 

200 mg% (2mg/ml), and a transport max (Tm) shown in the figure. 

What is the glucose excretion for this patient? 

 A. 0 mg/min      B. 30 mg/min      C. 60 mg/min      D. 90 mg/min 

E. 120 mg/min 

Notice that the transport maximum is 150 mg/min, meaning that the transporters found in the kidney can 

only transport 150 mg/min, but the tubular load is 180 mg/min → so there will be a remaining of 30 mg/min 

that are going to be excreted. Referring to the figure, we can notice that at a filtered load of 180, the 

transport maximum was already achieved, and that’s why the remaining 30 mg/ml are going to be excreted. 

Therefore, the answer is B. 

So again… 

We can see that at the threshold, we did not reach the transport maximum for all the nephrons. And since 

the 150 mg/min is the transport maximum for all the nephrons→ at this level of glucose filtered load, all 

the nephrons are saturated→ and the excess is excreted.  

At the threshold, some nephrons reached their transport maximum before the other nephrons, and that is 

why we can notice the excretion after the threshold value at 120 or 130 mg/ml (look at the figure in the 

previous page) → in other words, at the threshold we start noticing glucose in the urine, although we did 

not reach the transport maximum in all the nephrons. 

Answer: From the figure we can see that the Transport maximum equals 150 mg/min. 

We first calculate the tubular load/ filtered load of the patient using the GFR and the 

plasma glucose level. GFR = 90 ml/min , Plasma Glucose = 2 mg/ml  

→ The tubular load/ filtered load = 2 x 90 = 180 mg/min  

→ The excreted = 180 – 150 = 30 

 



Guyton Questions:  
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Answers and explanation:  
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This law will 

be 

mentioned 

in lec 8 😊  


