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HOUSE KEEPING NOTES 

Office hours daily between 14th Feb and 2nd March (except Ash Wednesday):  

ZOOM Office hours 4-5.30pm; EVERY Mon, Wed & Fri 4-5.30pm  
Zoom link: https://luc.zoom.us/j/4722150747 
IN PERSON OFFICE HOURS, ROOM 518, CTRE: 4-5.30pm EVERY Tuesday and 
Thursday.  
 
The notes are designed to expand your learning and supplement the materials in 
the lectures. All exam questions will be drawn from course objectives. One or 
more objectives may be tested in an exam question.  
 
Example questions drawn from lectures and from Vanders are included in SAKAI 
file: FHB 2023 Resources/Renal Block and in extra materials for Lectures 3, 6, 9 
and acid base 3. 
2022 LECTURES LINK 

 

Lecture 36: Renal 5 

PRINCIPLES OF TUBULAR TRANSPORT 

Reading: Berne & Levy Physiology, Koeppen & Stanton, © 2018 Elsevier, pp. 603-620.  
 

CONCEPTS  
• The kidneys move solutes across membranes by multiple transport mechanisms 

including channels, uniporters, multiporters, and primary active transporters.  

• The kidneys regulate excretion by regulating channels and transporters in epithelial cell 

membranes.  

• Reabsorption is a 2-step process: lumen to interstitium, and interstitium to peritubular 

capillary.  

• All reabsorptive processes have a limit on how fast they can occur, either because the 

transporters saturate (Tm systems) or because the substance leaks back into the lumen 

(gradient-limited systems).  

 

LEARNING OBJECTIVES  

1. Discuss the mechanisms that help to transport substances across tubular 
cells (tubule to blood and vice versa). 

2. Differentiate between transcellular and paracellular transport 
3. Describe how the kinetics of carriers affect transport 
4. Draw a graph relating filtered, reabsorbed, and excreted loads of glucose as 

functions of plasma [glucose] and derive a general formula for Tm. 
5. Draw a graph relating filtered, secreted, and excreted loads of PAH as 

functions of plasma [PAH] and derive a general formula for Tm. 
6. Describe the Starling forces across the tubules and peritubular capillaries, 

and  
7. Define Glomerular Tubular balance 

 

https://luc.zoom.us/j/4722150747
https://stritch.luc.edu/lumen/session_detail.cfm?cy=A0DE58D53D8FA2711D45B14A61A6C8B4-NVENC1&course=103&academic_level=1&checkref=C4CA4238A0B923820DCC509A6F75849B&requesttimeout=60000
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OBJECTIVE1: MECHANISMS OF TRANSPORT AND DIFFERENTIATION OF TRANS 
AND PARACELLULAR TRANSPORT 
 

Passive Transport 
  Simple diffusion: transport with electrochemical gradient (downhill, unlimited)  
• ions move passively from areas of high to low electrochemical gradients   
• water moves passively from low to high osmotic gradients (osmosis)   
• there are no active transport processes for water   

 
Facilitated diffusion (downhill, limited)  

• increased rate of passive transfer of species complexed with membrane entities   
• uniporter proteins for glucose (e.g. in RBC)   

    
Primary Active Transport  

• Transport against electrochemical 
gradient (uphill)   

• Requires direct energy source 
(hydrolysis of ATP)   

• Gradient-time limited (effects of pump 
can be  saturated, but not pump 
itself) e.g. active sodium 
 reabsorption.   

• Endocytosis - protein transport (ATP 
dependent)   

   
 Secondary Active Transport  

• Transport against electrochemical gradient (uphill)   
• Requires indirect energy source (ion gradient)   
• Tm limited (can be saturated)   

a- symporter proteins for Na+-amino acid and Na+-glucose transports  

b-  antiporter proteins for Na+-H+ exchange  
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OBJECTIVE 3: Kinetics of carriers 

The movement of solutes by its 
transporter is dependent upon how many 
binding sites are available.  

>At LOW concentrations, there are many 
binding sites available, thus the rate of 
transport increases steeply as 
concentration increases 

>At HIGH concentrations, fewer binding 
sites are available, and the transport rate 
starts to slow down 

>Ultimately, all the binding sites are 
occupied, and the transport rate reaches 
a maximum, called Tm. This occurs at the 
saturation point. 

>Contrast this with the rate of transport with simple diffusion. Simple diffusion will 
occur so long as there’s a concentration gradient for that solute.  

OBJECTIVE 4: The transport of Glucose 

• Normally, glucose is found in the blood but not in the urine. Since glucose is freely 



FHB 2023-Renal Physiology 
Ivana Y. Kuo, Ph. D. (CTRE 518)    

filtered this means that all (100%) of the filtered glucose is reabsorbed back 
into the blood.   

• The mechanism of glucose transport across the renal epithelium is a secondary 

active transport process, dependent upon Na+/K+-ATPase pumping of 
sodium out of the cell and back into the blood. Thus, there is a maintained 
gradient for sodium to diffuse into the cell from the tubule side. 

  
• Some of this sodium influx powers 

the Na+-glucose cotransporter 
(SGLT), bringing glucose into the 
renal tubular cell with it. As glucose 
concentrations build inside the cell, 
a gradient is established for 
facilitated glucose transport into the 
blood (GLUT 1 and GLUT 2 
transporters).   

• To study how the kidney handles 
glucose, a glucose titration curve can 
be constructed in which the 
reabsorbed load of glucose is plotted 
as a function of the plasma concentration of glucose. Also on this graph are plotted 
the filtered load and excreted load of 
glucose. There is no secreted load 
because glucose is not secreted.   

• R = F – E (note, S = 0)  

  The Figure shows the Glucose 
titration curve:  
Glucose filtration, reabsorption, and 
excretion are shown as a function of 
plasma glucose concentration.  

Hatch areas are the splay. Tm, 
Tubular transport maximum.  

 
Physiology Fifth Edition. Costanzo, © 
2014, Elsevier  

• As the concentration of plasma glucose increases there is a linear increase in Fglu 
indicating that the glomerulus will filter all the glucose thrown at it. At the lower 
concentrations of glucose, Rglu parallels Fglu meaning that all the filtered glucose is 
reabsorbed, keeping Eglu at zero load. However, when glucose concentration reaches 
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the renal plasma threshold (RPT = 220 mg/dL) some glucose starts to spill into urine 
and the reabsorbed line deviates below the filtered line. With higher and higher 
doses of plasma glucose, the excreted line gets steeper and steeper until it parallels 
the filtered line. At this point the reabsorbed line become parallel to the horizontal 
axis, defining the tubular maximum of glucose transport (Tm = 375 mg/min).   

• A region of splay is defined from the RPT to the plasma concentration when 
Tm is reached. The best way to understand this region is to realize that not all 
nephrons are created equal in terms of their capacity to transport glucose (i.e. they 
form a heterogeneous population). Nephrons with the lowest glucose capacity are 
the first to saturate (at RPT). Nephrons with the highest glucose capacity are the last 
to saturate (at Tm).   
 
GLUCOSURIA 

• Whenever the renal plasma threshold for glucose is exceeded, glucose will be 
found in the urine. This is called glucosuria. Glucosuria can be found in normal 
individuals just after eating a candy bar, for example, which spikes the blood glucose 
level. However, diabetic patients can have chronically high circulating levels of 
glucose as well and they always spill glucose to the urine. One way to distinguish the 
normal for abnormal patient is to make blood glucose measurements following a 12-
hour fast.   

 

 OBJECTIVE 5: SATURATION KINETICS FOR ACTIVE SECRETION PROCESSES - 
PAH 

• To study how the kidney handles PAH (para-aminohippuric acid), a PAH titration 
curve can be constructed in which the secreted load of PAH is plotted as a function 
of the plasma concentration of PAH. Also on this graph are plotted the filtered load 
and excreted load of PAH. There is no reabsorbed load because PAH is not 
reabsorbed 

• S = E – F (note, R = 0)   

• In this case the excreted line is above the 
filtered line, because PAH appearing in 
urine comes from both filtration as well as 
secretion. The secreted line rises linearly as 
a function of plasma PAH concentration, 
but as soon as the RPT for PAH is reached, 
the slope of this line decreases.   

• When Tm for PAH is reached, this 
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secreted line flattens out. At this point all the active transporters for PAH have been 
saturated nephrons.   

NOTE: because of the saturation kinetics, PAH can ONLY be used to estimate RPF at 
LOW concentrations:  

IN reality: the image on the far RIGHT is what happens with 0.4mg/dL PAH because 
the Tm is 120.  

 

 

OBJECTIVE 6: Starling forces across the tubules 

 
Starling forces also exist across the PROXIMAL TUBULES and peritubular capillaries 
to modify reabsorption.  
Starling forces not not affect 
transport in the loop of Henle, DT 
and collecting duct because these 
segments are less permeable to 
water.  
 
The Starling forces between the 
intercellular space of the tubules 
and the peritubular capillaries 
facilitate movement of the 
reabsorbed fluid into the 
capillaries.  
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>The forces that FAVOR movement from the interstitium into the peritubular 
capillaries are the πpc and Pi 

 

The opposing forces are πi and Ppc.  
 
FACTORS AFFECTING THE STARLING FORCES: 
Dilation of efferent arteriole increases PPC whereas constriction decreases it 
An increase in PPC inhibits solute and water reabsorption by increasing back leak of 
salt and water across the tight junction.  
 
Role of starling forces in glomerulotubular (G-T) balance: 
>Changes in GFR markedly alter the amount of filtered Na 
>Without rapid adjustments to Na reabsorption, urinary excretion would fluctuate, 
disturb balance & change ECFV 
There are TWO mechanisms for the G-T balance. The first is related to the oncotic 
and hydrostatic pressure differences- ie: STARLING FORCES 
>Increase GFR inc. protein conc; inc πPC increases Na and water reabsorption 
 
>The second mechanism is due to the way Na is reabsorbed in the proximal tubule 
(to understand this concept, you will also need to know about Na reabsorption, 
which is a part of the Next lecture) suffice to say that the glucose and amino acids 
increases due to an increase in GFR, Na and water reabsorbtion will also rise, due to 
the coupling of Na to glucose and amino acid transport.  
 

OBJECTIVE 7: Glomerulotubular balance  

• Glomerulotubular balance is the major regulatory mechanism of the proximal tubule. It 

describes the balance between filtration (the glomerulus) and reabsorption (the 

proximal tubule).  

• Glomerulotubular balance ensures that a constant fraction of the filtered load is 

reabsorbed by the proximal tubule despite variation in GFR (the filtered load 

increases or decreases). This constant fraction (or percentage) is normally 

maintained at 67% of the filtered load.  

• ↑ GFR ↑  filtration fraction ↑ filtered load↑ peritubular cap reabsorption while  

↓ GFR ↓ filtration fraction ↓ peritubular cap reabsorption.  

The proportionality of filtration and proximal tubule reabsorption is thereby maintained 

(i.e., there is Glomerulotubular balance)  

Protein reabsorption & secretion of organics in proximal tubules  

• Normally 100% of filtered protein is reabsorbed in the proximal tubule.  
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• Enzymatic degradation of proteins to amino acids which are reabsorbed in proximal 

tubules. Also, proteins are transported through the cells by encapsulation of 

proteins (Pinocytosis).  

• •Saturation of the transport process results in protein appearing in the urine 

(proteinuria).  

• Organic cations and anions (endogenous end-products of metabolism or exogenous 

drugs) are actively secreted into the proximal tubule.  

 


