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Renal Physiology 

Notes on the Previous Lecture : 

The previous lecture , the Dr discussed how the first step to have an idea of 

Kidneys Function is by measuring the GFR (Either the True GFR depending 

on Concentrations of creatinine in the Urine and Plasma or the Estimated 

GFR depending on Concentration of creatinine in plasma only). 

And it was explained in the previous lecture how measuring the True GFR is 

not always practical because of the 24 Urine Bag procedure , so we depend 

on the Estimated GFR instead , but we should be careful in the process of 

choosing the suitable equation to depend on while estimating as there 

isn’t an equation that suits everyone. 

Extra : What is Urea ? Urea is a small nitrogenous compound (molecular 

weight is 60Da) that is the main end product of protein catabolism in the 

liver. 

Why don’t we use Urea as an indicator of kidney function? Creatinine is 

More Sensitive than Urea as an indicator of kidney function for the 

following reasons: 

Sometimes Urea Plasma levels elevate but from non renal causes , unlike 

creatinine which if doubled or tripled is nearly always an indication of a 

Renal problem (Decreased GFR) (Keep in mind that a slight increase of 

creatinine near the borderline can indicate a Muscle mass issue ) 

Why don’t we use Urea as an indicator of GFR ? Simply because the criteria 

mentioned in the previous lecture doesn’t apply for urea as it is freely 

filtered but it is also Reabsorbed and Secreted. 

Deep Look: Importance of GFR  

Clinically we said that GFR is the First step in having an idea of Kidney's 

function, but physiologically GFR should stay nearly constant because: 

If GFR increases: Then the Filtered load of filterable substances will 

increase (Glucose , amino acids , Na+ , K+ .. etc) and many of those 

substances are Valuable and important for our body and are highly 

reabsorbed , and the problem is that with the great increase of the filtered 

load , the pumps or carriers used for reabsorption may be saturated and 

reach their Tmax , which means loss of these valuable substances in the 

urine due to failure to reach the high reabsorption rate.  
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A great example is Glucose ; Glucose is freely filtered but 100% Reabsorbed 

in the Proximal Tubule, so normally no glucose appears in the urine and we 

don’t lose this valuable glucose. But if we increase glucose concentrations 

and filtered load of glucose increases , soon we will reach the Tmax of 

glucose reabsorption transporters , leading to failure to reabsorb all the 

filtered glucose , so we lose glucose in the urine (This is just a general idea 

of glucose , details of glucose renal physiology will be discussed later in this 

sheet) 

If GFR decreases: Then the Filtered load of filterable substances will 

decrease , and some of those substances are Waste Substances which are 

only removed from our body through filtration (Like Creatinine – slightly 

secreted but mainly filtered) , and this decreased filtered load causes 

accumulation of waste products in the plasma which is also a problem . 

Another big problem related to GFR decrease, is the decrease of tubular 

fluid amount which is problematic in the extremely thin loop of Henle (10-

11 Micrometer) , because this decrease of tubular fluid in the Loop of 

Henle leads to stasis and precipitation of solutes , providing a suitable 

atmosphere for renal stone formation (calcium / sodium stones ) which 

cause blockage of the thin loop of Henle thus blocking the whole nephron . 

This blockage is mostly reversible if we reflush the nephron , but this is a 

difficult process and there is No guarantee that it will work which really 

depends on the situation of the patient such as age and health of the 

kidneys . 

That's why GFR must be maintained within a very narrow range and we 

don’t like an increased GFR or a decreased GFR . 

And taking a look at GFR, we already know that it is Glomerular filtration 

Rate (GFR) is the volume of plasma filtered from the glomerular capillaries 

to Bowman’s capsules per unit time , so it’s a form of flow of plasma , And 

Flow follows Ohm's Law :  

𝐹𝑙𝑜𝑤(𝐺𝐹𝑅) =
𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒

𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

𝑎𝑛𝑑 𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
1

𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 
 

𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 =  𝐹𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑒𝑓𝑓𝑒𝑐𝑖𝑒𝑛𝑡 𝐾𝑓  

𝑆𝑜 𝐺𝐹𝑅 =  𝐾𝑓  × 𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒  
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𝐾𝑓 = 𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎 × 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 

𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 =  𝑆𝑢𝑚 𝑜𝑓 𝑠𝑡𝑎𝑟𝑙𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒𝑠 = 𝑃𝐺𝐶 −  (𝜋𝐺𝐶 + 𝑃𝐵𝑆)  

𝐺𝐹𝑅 = 𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 × 𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎 × 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 

 

𝑺𝒐 𝑮𝑭𝑹 =  𝑲𝒇 × [𝑷𝑮𝑪 −  (𝝅𝑮𝑪 + 𝑷𝑩𝑺)] 

 

 

 

 

 

Normally:𝑷𝑮𝑪 = 60 mmHg / 𝝅𝑮𝑪 = 32mmHg / 𝑷𝑩𝑺 = 18mmHg  so the sum of 

Starling Forces (also Called Net Filtration Pressure) = 60 – (32+18) = 10 

mmHg favouring filtration . 

Deep Look : Autoregulation 

So we understood why GFR should stay within a narrow range , and we also 

saw how normally the net filtration Pressure is 10 mmHg , now the 

problem is that throughout a day full of activities ( running , sleeping - 2nd 

most important , eating – most important , studying , etc..) Our blood 

pressure fluctuates and changes, and let’s say that the Mean Arterial 

pressure decreased from 100mmHg to 90mmHg , we expect that this will 

cause a corresponding decrease of Glomerular Capillary Pressure 𝑷𝑮𝑪 from 

60 to 50 mmHg , and if we recalculate GFR it will equal zero so no more 

filtration . So according to this expectation, this means that if MAP 

increases GFR increases and if MAP decreases GFR also decreases, but 

fortunately this Is not the Case, and our Body has Autoregulatory 

mechanisms to keep GFR within the normal narrow range. 
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These Autoregulatory 

mechanisms have Uncoupled 

GFR from the Fluctuating 

Arterial Pressure within limits 

. Look at the graph and notice 

whether the arterial pressure 

increases or decreases from 

70mmHg all the way to 

150mmHg , GFR stays constant 

at 125ml/min ( Guyton says 

120ml/min but it's not a big 

deal) Be aware that this 

uncoupling is within limits , so 

if MAP decreased below 

70mmHg , GFR will decrease 

and also if MAP increased 

more than 150mmHg , GFR will increase. That’s why we shouldn’t allow 

MAP to decrease below 70mmHg or to increase more than 150mmHg . 

Note 1 : Understand that the goal of the Autoregulatory mechanisms is to 

prevent the change of 𝑷𝑮𝑪 when MAP changes (we saw before how the 

decrease of 𝑷𝑮𝑪 from 60mmHg to 50mmHg caused devastating results) 

Note 2 : Understand that when we say Regulation of GFR , we are also 

talking about the Regulation of Renal Plasma Flow , in which GFR is just a 

fraction of Renal Plasma Flow . So regulating the GFR is by regulating its 

source which is Renal Plasma Flow. (That's why in the graph above we see 

that also Renal Blood Flow is auto regulated and constant) . Remember : 

𝐹𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 (𝐹𝐹) =
𝐺𝐹𝑅

𝑅𝑒𝑛𝑎𝑙 𝑃𝑙𝑎𝑠𝑚𝑎 𝐹𝑙𝑜𝑤(𝑅𝑃𝐹)
 

𝐺𝐹𝑅 = 𝐹𝐹 × 𝑅𝑃𝐹 

Deep Look : Renal Hemodynamics 

The Base of Hemodynamics is that, Whenever there is Constriction in an 

Arteriole, there is an increase in the Hydrostatic Pressure upstream/ before 

it and a decrease in the Hydrostatic pressure downstream/after it , and 

Whenever there is Dilation in an arteriole , there is a decrease in the 

Hydrostatic Pressure upstream/ before it and an increase in the Hydrostatic 

pressure downstream/after it.  
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This base is one of the most 

important keys so Let’s take 

some examples to check our 

understanding: 

Let’s say we constricted the 

Afferent arteriole, there will be 

increase in the Hydrostatic 

Pressure in the region upstream/ 

before it, and a decrease in the 

Hydrostatic pressure 

downstream/after it in the 

Glomerular Capillaries 𝑷𝑮𝑪 and in 

the Peritubular Capillaries 𝑷𝑷𝑪 .  

Another Example,Let’s say we 

Dilated the Efferent Arteriole , there is a decrease in the Hydrostatic 

Pressure upstream/ before it in the Glomerular Capillaries 𝑷𝑮𝑪 ; and an 

increase in the Hydrostatic pressure downstream/after it in the Peritubular 

Capillaries 𝑷𝑷𝑪 .  

The table below from Kaplan summarizes the consequences of 

Dilation/Constriction of Afferent/Efferent Arterioles , Notice that any 

Constriction will cause decrease in Renal Plasma Flow and any Dilation will 

cause an increase in renal plasma flow . 
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Deep Look : Mechanisms of Autoregulation 

We already said in Note 1 Before, that the mechanisms of Autoregulation 

revolve around keeping 𝑷𝑮𝑪 constant , and after we understood 

Hemodynamics , we know how to control 𝑷𝑮𝑪 (see Red box above). 

Mechanism 1 : Myogenic Response 

Increased arterial pressure stretches the walls of the afferent arterioles, 

which causes reflex contraction of smooth muscle in the afferent arteriole 

walls thus its constriction. The mechanism of stretch-induced contraction 

involves the opening of stretch-activated calcium (Ca2+ ) channels in the 

smooth muscle cell membranes.So let’s say that Arterial Pressure 

increased, this will cause an increase in 𝑷𝑮𝑪 followed by increased GFR , 

but this is prevented because as soon as the Afferent Arterioles stretch due 

to increased arterial pressure , they will constrict , and we know from 

Hemodynamics that this will cause a decrease in 𝑷𝑮𝑪leading to no change 

in 𝑷𝑮𝑪 thus no Change in GFR and RPF . And the opposite happens when 

Arterial Pressure decreases. 

Mechanism 2 : Tubuloglomerular feedback (TGF) 

When arterial pressure decreases (For Example in Bleeding), this will cause 

a decrease in 𝑷𝑮𝑪 and both RPF and GFR decrease.This decrease results in 

decreased delivery of solute and water to the macula densa cells of the 

early distal tubule, which senses decreased delivered Na+ / Cl- (Mainly) and 

K+/Ca+ /.. As we know this Decrease in 𝑷𝑮𝑪 should be prevented, and this 

is the job of the Macula Densa cells which respond to the decreased solute 

delivery by 2 Signals (Probably by releasing modulators)  :  

1- They will cause the Dilation (Decreased Resistance) of the Afferent 

Arteriole, and we know from Hemodynamics that this will increase  

𝑷𝑮𝑪 , thus increasing GFR back to normal . 

 

2- They will also send a signal to the Neighbouring Juxtaglomerular cells 

of the Afferent Arteriole (which are the major storage sites for 

rennin) which will start to secrete Renin .Renin is released from 

these cells to the circulation and works on Angiotensinogen protein 

from the liver forming the inert angiotensin I  , which is converted to 

angiotensin II by Lung Angiotensin Converting Enzyme (ACE) . So to 

wrap up , Decreased GFR and RPF causes increased release of 

Angiotensin II which has the following Effects: 
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A- Vasoconstrictor of Systemic Arteries by itself, which will cause an 

increase in Arterial Pressure thus increasing  𝑷𝑮𝑪and GFR back to 

normal . 

B- It has Receptors on the Efferent Arteriole causing it to Constrict 

(Increase Resistance), which as we know from Hemodynamics 

will cause an increase in 𝑷𝑮𝑪 bringing GFR back to normal . Also 

keep in mind that this will also lead to a decrease in 𝑷𝑷𝑪(See 

Yellow Box Above), which we will understand its effects later . 

C- Enhances the release  of Aldosterone from the Zona Glomerulosa 

of the Adrenal Cortex , which works on the Distal Tubules 

enhancing Na+ Reabsorption, and Water usually follows Na+ , 

which means increased Blood Volume followed by increased 

Blood Pressure thus increasing  𝑷𝑮𝑪 and GFR back to normal . 

D- By itself AngiotensinII enhances the reabsorptionof Na+ in the 

Proximal tubule, so by the same explanation before , increases 

Blood Volume and Pressure and  𝑷𝑮𝑪 and GFR back to normal . 

Note : Angiotensin II achieves a very important goal , in which during 

bleeding and loss of fluid and fall of arterial pressure , we Don't want to 

form much urine and lose more fluids , but at the same time we cant keep 

the waste products such as urea and creatinine build up in the plasma . So 

Angiotensin achieves the desired solution , in which through the previous 

mechanisms increases GFR and Filtration of Substances including waste 

products , but at the same time stimulates reabsorption of water to 

prevent the loss of water in the urine, through stimulation of Na+ 

reabsorption as we said in points C+D , also in point B the decrease in in 

𝑷𝑷𝑪 has a role in stimulating water 

reabsorption , in which as you can see from 

the photo , the Hydrostatic Pressure of the 

Peritubular Capillary 𝑷𝑷𝑪 is a starling force 

that stimulates filtration not reabsorption , 

so when it decreases this will stimulate 

reabsorption of water which we want. So 

we see how Angiotensin II achieves a 

mixture of increased filtration and GFR and 

at the same time increased reabsorption of 

water . 
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Important Notes about TGF : 

 Renin and Angiotensin Converting Enzyme (ACE) are peptidases 

(Scissor Enzymes) in which Angiotensinogen (14 AminoAcid)  

Angiotensin I (10 AminoAcids)  Angiotensin II (8 AminoAcids)  

 The mechanism of TGF is not fully understood at all , Scientists have 

expected that there is a release of certain modulators that cause the 

Vasodilation of Afferent arteriole and that stimulate the 

Juxtomedullary Cells as we mentioned before , the way modulators 

are secreted from the Macula Densa Cells is expected to be in a 

Paracrine mechanism because the Macula Densa cells are found 

very close , even touching the afferent and efferent arteriolar cells 

(Forming what is called the juxtaglomerular apparatus : see red box 

below to understand how the macula densa cells of the distal tubule 

touch the afferent and efferent arterioles) . But the Modulators 

themselves are still not known. 

 

 TGF mechanism explained was when RPF and GFR decreases and 

Macula Densa Cells secrete their modulators , but don’t forget that if 

RPF and GFR increase , the opposite effects happen where increased 

delivery to Macula Densa cells causes lesser secretion of modulators. 

 Extra : Some Resources such as Costanzo and Kaplan mention an 

additional mechanism included in the Tubuloglomerular feedback 

which is the secretion of Adenosine/ATP when there is high delivery 

of Solutes to the Macula densa cells (which means high GFR) . 

Adenosine/ATP will cause vasoconstriction of the afferent arteriole 

which according to Hemodynamics will decrease 𝑷𝑮𝑪 and GFR back 

to normal . 
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Graph That Summarizes Tubuloglomerular feedback (Specifically Effect 

1 and 2B ) : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deep Look : How the Kidney Handles Glucose 

We know previously that glucose is freely filtered so the concentration of 

glucose in the Plasma is equal to its concentration in the Bowman's Space 

(Because its Molecular weight is 180Dalton) , And we also know that it is 

normally 100% Reabsorbed in the Proximal Tubule (Usually Completely 

reabsorbed in the early proximal tubule) . Glucose Plasma Concentration is 

usually between 70-110mg/dl (Diabetes is more than 126mg/dl) 

Reminder :  

𝐹𝑖𝑙𝑡𝑒𝑟𝑒𝑑 𝐿𝑜𝑎𝑑 𝑜𝑓 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 = 𝐺𝐹𝑅 × 𝑃𝑙𝑎𝑠𝑚𝑎 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛  

Deep Look : Glucose Reabsorption  

If we take a look at the epithelial cells of the proximal tubule, we will see 

that glucose reabsorption includes the following steps : 
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1- Glucose moves from tubular fluid into the proximal tubule cell through 

the Na+ -glucose cotransporter (called SGLT) in the luminal membrane 

(Red Transporter below). Although transport of glucose against its 

Electrochemical Gradient (from low to high concentration)does not 

directly use ATP as an energy source but depends on the transport of 

Na+ down its electrochemical gradient (from high 140mmol/L to low 

concentration 14mmol/L). This Electrochemical gradient of Na+ (which 

keeps the concentration of Na+ inside the proximal tubular cell less than 

the concentration of Na+ in the tubular fluid) comes from the active 

sodium-potassium ATPase pump in the basolateral membrane which 

pumps Na+ outside to the blood (Green Transporter Below). Thus, this 

reabsorption of glucose is referred to as “secondary active cotransport” 

because glucose itself is reabsorbed against its electrochemical gradient 

without direct use of energy, but it can only occur secondary to usage of 

ATP in the active transport of sodium by the Na+/K+ ATPase Pump . 

2- Glucose is transported from the cell into peritubular capillary blood by 

facilitated diffusion. In this step, glucose is moving down its 

electrochemical gradient and no energy is required. (Blue Transporter 

Below) 

 

Note : The same mechanism 

for glucose reabsorption is 

for amino acid reabsorption . 

Take a look at the graph next 

page that represents the 

changes in tubular fluid 

concentration of substances 

along the proximal tubule 

and notice the following: 

 

 

 Glucose Concentration nearly reached zero in the tubular fluid after the 

first half of the proximal tubule length , and Amino acids as we 

mentioned have the same mechanism and reach nearly zero 

concentration in the tubular fluid slightly before the glucose . (When 

we say zero tubular fluid concentration = fully reabsorbed) 
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 Notice the Unchanged Na+ 

concentration (Extra : this will 

be explained next lecture..But 

don’t reach a conclusion that 

Na+ is not reabsorbed in the 

proximal tubule) 

 

We realize from the mechanism 

explained before that the 

Reabsorption of Glucose uses 

carriers , Na+ -glucose 

cotransporters  in the luminal membrane being the first step . And Because 

there are a limited number of these transporters , the reabsorption of 

glucose does not continue to infinity , it has a limit which is reached when 

these transporters of the proximal tubule are saturated ; this limit is called 

Tmax . Tmax of Glucose reabsorption is equal to 375mg/min , so if the 

filtered load of glucose is 375mg/min or below , generally the proximal 

tubule should be able to reabsorb all of it , but if the filtered load exceeds 

that limit , we fail to reabsorb all of the glucose because the carriers are 

fully saturated so extra glucose beyond Tmax is lost in the urine . 

Also keep in mind from the equation stated before : 

𝐹𝑖𝑙𝑡𝑒𝑟𝑒𝑑 𝐿𝑜𝑎𝑑 𝑜𝑓 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 = 𝐺𝐹𝑅 × 𝑃𝑙𝑎𝑠𝑚𝑎 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 

So instead of saying that Tmax is reached at 375mg/min in terms of filtered 

load , we can extract the plasma glucose concentration that gave us this 

375mg/min , in which : 

375𝑚𝑔/ min = 𝐺𝐹𝑅  × 𝑃𝑙𝑎𝑠𝑚𝑎 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 

𝑃𝑙𝑎𝑠𝑚𝑎 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑇𝑚𝑎𝑥 =
375𝑚𝑔/𝑚𝑖𝑛

𝐺𝐹𝑅
 

Now here ,the Dr said that Plasma Glucose Concentration at Tmax is equal 

to 320mg/dl ( however this number changes according to the GFR in each 

case )so the same idea , if the plasma glucose concentration is 320mg/dl or 

below , generally the proximal tubule should be able to reabsorb all of it. 

So what the Dr said (which you should depend on)is that Tmax for glucose 

is reached in terms of filtered load at 375mg/min and in terms of plasma 

concentration at 320mg/dl . 
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Extra to Understand: 

Because the normal GFR varies from about 90-120 ml/min in females and 

100-130 ml/min in males , Resources haven’t chosen a clear 

𝑃𝑙𝑎𝑠𝑚𝑎 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑇𝑚𝑎𝑥 where all the Nephrons have 

reached their Tmax and will start to lose glucose in the urine . Costanzo 

assumed it is 350 mg/dl , The dr assumed it is 320mg/dl , Guyton did not 

mention a number at all . 

Deep Look : Glucose Filtration, Excretion and Reabsorption 

relationship with Plasma Glucose Concentration  

To Understand this Concept, we will depend on a graph on the next page so 

be sure to match the explanation with the graph . 

Filtration Curve (Purple) : Glucose is freely filtered across glomerular 

capillaries, and the filtered load is the product of GFR and plasma glucose 

concentration , Thus as the plasma glucose concentration is increased, the 

filtered load increases linearly with no limit (because its a passive process 

with no carriers involved)  
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Reabsorption Curve (Orange) : At plasma glucose concentrations less than 

180mg/dL, all of the filtered glucose can be reabsorbed ; In this range, the 

curve for reabsorption is identical to that for filtration; that is, reabsorption 

equals filtration. However. At plasma concentrations above 180 mg/dL, 

some of the filtered glucose is not reabsorbed and glucose starts to appear 

in the urine . We call this point where glucose firstly appears in the urine as 

the Threshold of Glycosuria. Now people are wondering , why did glucose 

appear in the urine at 180mg/dl and we just mentioned before that the 

Tmax of Glucose is 320mg/dl , and if the plasma glucose concentration is 

320mg/dl or below , generally the proximal tubule should be able to 

reabsorb all of it . Well I said generally .. that's because Most of the 

nephrons will be able to reabsorb all of the glucose that reaches them if 

plasma glucose concentration is less than 320mg/dl , but some of them 

start failing to reabsorb all of the glucose starting from plasma glucose 

concentration of 180mg/dl which creates deviation of the reabsorption 

curve from the filtration curve (Reabsorption less than filtration) and 

glucose appears in the urinebefore reaching Tmax of the whole kidney . 

This area is called the Splay. 

The splay has 2 Explanaitions : 

1- The Affinity of Transporters to glucose is not infinity , in which even 

if there are a certain number of transporters , they are not all 

occupied at the same moment .. to understand this , lets say that 

there are 20 transporters of glucose , if there are 5 glucose 

molecules , all of them will bind to their transporters and be 

reabsorbed , but lets say there are 18 glucose molecules , you may 

think that because there are 20 transporters then all the 18 

molecules will bind and be reabsorbed , but that’s not the case as 

affinity is not infinity and for sure 1 or 2 of the glucose molecules will 

fail to bind effectively and at that point there are only a few 

remaining binding sites left , so there is a big possibility that they will 

be excreted in the urine . This is the explaination the dr mentioned . 

2- Extra explanaition : This second explanation for splay is based on the 

heterogeneity of nephrons. Tmax for the whole kidney reflects the 

average Tmax of all nephrons, yet all nephrons do not have exactly 

the same Tmax. Some nephrons will reach Tmax at lower plasma 

concentration than others because they have lower number of 

transporters for example , and glucose will be excreted in the urine 

before the average Tmax is reached. 
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Finally when  the glucose plasma concentration reaches 320mg/dl , all the 

nephrons of the kidney will have reached their Tmax and the curve stays 

fixed at a filtered load of 375mg/min , with no ability to reabsorb any more 

glucose whatever the plasma concentration increases. 

Excretion Curve (Green) : Simply see how the excretion curve appears and 

starts to increase starting from the 180mg/dl Threshold , and how it 

gradually increases in the Splay area , until the Tmax of the whole kidney is 

reached , and all nephrons have reached their Tmax and all of them will fail 

to reabsorb a fraction of glucose ; that's why At this moment the curve for 

excretion increases linearly as a the plasma glucose concentration 

increases , paralleling that for filtration. 

How to Deal with a patient with Glycosuria? We perform a blood test for 

the patient and if its concentration in plasma is above 180 mg/dl, then the 

patient is said to have Diabetogenic Glucosuria so we tell the patient to 

visit a diabetes center. But if the plasma concentration is within the normal 

range then the patient is said to have Nephrogenic Glucosuria, meaning 

that there is a deficit in the kidney which leads to glycosuria. This deficit 

might be in the number of carriers, their Tmax or their affinity …etc. 

Nephrogenic glucosuria is a benign condition that doesn’t complicate into 

another abnormality, so typically we don’t tell the patient about his 

condition. 

Final Deep Look : Pressure Differences Throughout Blood Flow 

We already know from the                                                                                                   

past that the more the                                                                                                       

resistance of a vascular part                                                                                                                  

the more driving force we                                                                                                                                          

need to maintain the same flow                                                                        

(driving force is pressure difference in                                                                    

our case). So we see that most of the renal vascular resistance                                

resides in the Efferent arterioles because they have the highest                                 

drop of pressure (59-18 = 41mmHg) , while the lowest drop in                                                             

pressure thus lowest resistance resides in the Glomerular                                                    

capillaries (60-59=1mmHg)(All numbers are in mmHg).  

Special Thanks To Jaleel as always  

I liked what Ar'ar Did last lecture , so here are some questions                                               

from Guyton and BRS to test your understanding (Extra) : 
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1. Which of the following changes would you expect to find after administering a 

vasodilator drug that caused a 50% decrease in afferent arteriolar resistance and no 

change in arterial pressure?   

A. Decreased RPF, GFR, and Peritubular capillary hydrostatic pressure  

B. Decreased RPF and GFR, but increased peritubular capillary hydrostatic pressure 

C. Increased RPF, GFR, and peritubular capillary hydrostatic pressure  

D. Increased RPF and GFR, but no change in peritubular capillary hydrostatic pressure  

E. Increased RPF and GFR, but decreased peritubular capillary hydrostatic pressure  

2. Which of the following changes tends to increase peritubular capillary fluid 

reabsorption? 

A. Increased blood pressure 

B. Decreased filtration fraction 

C. Increased efferent arteriolar resistance 

D. Decreased angiotensin II 

E. Increased renal blood flow 

3. A 58-year-old man is given glucose .The plasma glucose concentration is increased and 

glucose reabsorption and excretion are measured. When the plasma glucose 

concentration is higher than what occurs at transport maximum (Tmax), the 

A. Clearance of glucose is zero 

B. Excretion rate of glucose equals the filtration rate of glucose 

C. Reabsorption rate of glucose equals the filtration rate of glucose 

D. Excretion rate of glucose increases with increasing plasma glucose concentrations 

E. Renal vein glucose concentration equals the renal artery glucose concentration 

4. Reabsorption rate of glucose is plotted against plasma glucose concentration. At which 

point the filtered load of glucose is the highest ? 

A. A 

B. B 

C. C 

D. D 

E. E 

5.  A 32-year-old man complains of frequent 

urination , and after measuring the 24-hr 

creatinine clearance, you estimate his GFR to be 

150 ml/min. His plasma glucose is 300 mg/dL . Other 

glucose related tests were done to produce the 

figure aside. What would be this patient’s 

approximate rate of urinary glucose excretion? 

A. 100mg/min 

B. 150 mg/min 

C. 225 mg/min 

D. 300 mg/min 

E. Not Enough Information 

                               Answers : 1-C / 2-C / 3-D / 4-E / 5-B     الحمد هلل                                                       


