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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 32: Renal 1 

INTRODUCTION TO THE RENAL SYSTEM  

Reading: Berne & Levy Physiology, Koeppen & Stanton,© 2018 Elsevier,pp. 581-590. 
 
CONCEPTS  

• The Kidney is the principle organ of homeostasis.  
•  Kidneys control the composition of the body fluids, the concentration of 

electrolytes and the excretion of metabolic waste products.  
• The Kidney is one of the well-perfused organs in the human body.  
• Kidneys receive 20%-25% of the total cardiac output.  
• The function unit of urine formation is the Nephron.  
• The cortex contains the renal corpuscles, coiled blood vessels & coiled tubules 

while the medulla contains straight blood vessels & tubules. 
• The basic renal excretory process is a combination of four factors: what is filtered, 

what is secreted, what is reabsorbed and what is excreted. 
 
LEARNING OBJECTIVES  

1. Outline the various functions of the kidney.   
2. Illustrate the gross anatomy of the kidney. 
3. Define the components of the nephron and its types. 
4. Define the Juxtaglomerular Apparatus.  
5. Trace the Renal Vasculature.  
6. Describe the innervation of the kidney. 
7. Overview the composition of urine 
8. Define the Basic Renal Excretory processes: F, R, S & E. 

 
OBJECTIVE 1: Kidney Functions: 

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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 Regulatory & Homeostatic organs: 
The kidney is not just an organ to concentrate urine. Its primary role should be 
considered as a Homeostatic organ. It does this by regulating the volume and 
composition of the body fluids 
The Kidney keeps the body’s homeostasis by regulation 
of electrolyte concentrations and regulation of 
extracellular fluid volume, osmolarity, arterial blood 
pressure, pH and acid base balance. These concepts will 
be covered in greater detail in future lectures 
  Excretory organs:  

Substances in excess (metabolic waste products) or 
harmful (foreign drugs & chemicals) are excreted in 
urine. 
  Endocrine organs: 

Synthesize and secrete two hormones & a vitamin:  
 Renin Renin- Angiotensin-Aldosterone system.    
 Erythropoietin which regulate erythropoiesis. 
 Active vitamin D3 (1, 25-

dihydroxycholecalciferol). 
 
OBJECTIVE 2: Structure of the Kidney 
Gross Anatomy of the Kidney 
-The kidneys are bean shaped organs that lie in the retroperitoneal cavity of the 
body.  
-Each kidney receives oxygenated blood under high blood pressure from the renal 
artery, which has left and right branches off the descending aorta. Like other organs, 
there is a venous drainage from the kidney through the renal veins as well as a 
modest lymphatic drainage. But different from other organs is a major output 
pathway, the ureter, through which urine flows to the bladder. 
-Sagittal sections through the kidney reveal highly structured features even at the 
gross level. The renal cortex sits just under the membranous renal capsule.  
-Below the cortex is the renal medulla which is divided into outer and inner 
medulla. It has 8 to 12 pyramids (medullar rays). Medullary rays project through the 
renal mass to the renal papilla which open into the minor calyces and major calyces.  
 
Structure of the Nephron 
•Sagittal sections of the kidney appear striated, like skeletal muscle. But unlike 
muscle, these striations are not compact proteins but rather minute hollow tubules 
or ducts through which urine flows (Belini, 1662).  
•These tubules are differentiated into two structures, the renal nephron and the 
common collecting duct.  
 
OBJECTIVE 3: Parts of the nephron 
•The renal nephron has many components- 
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The two main “sections” are the Glomerulus and the Tubules; further 
subdivided:  
1) Glomerulus 
2) Proximal convoluted tubule (PCT) 
3) Proximal straight tubule  
4) Thin descending limb (part of the Loop of Henle) 
5) Thin ascending limb (part of the Loop of Henle) 
6) Thick ascending limb (part of the Loop of Henle) 
7) Macula densa (conjunction of specialized tubular cells with modified smooth-
muscle cells of the afferent arteriole of the same nephron) 
8) Distal convoluted tubule(DCT) 
9) Collecting duct (CD) system. 

 
Note: 
•Collecting duct system(CD) drain several nephrons into the cortical CD, which 
passes into outer medullary CD & inner medullary CD papillary ducts renal 
papillaminor & major calyces...etc 
•Loop of Henle (LH)has thin descending limb, thin ascending & thick ascending 
limb (TAL) 
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Ultrafiltration and the Glomerulus 
• The glomerulus is surrounded by Bowman’s space and a capsule layer, 

consisting of modified epithelial cells. The 
Efferent arteriole becomes a series of 
capillaries (GLOMERULAR CAPILLARIES), 
which make up the glomerulus. There are 
three features of the glomerulus that makes it 
effective for ultrafiltration. The endothelial 
cells that make up the capillaries are 
surrounded by podocytes 

 
3 barriers to ultrafiltration:  
1. The Endothelium are fenestrated,  
2. The glomerular basement membrane 
(GBM) is negatively charged 
3. Foot processes of the podocytes forming 
the slit diaphragm 

 
Types of Nephrons 
•Two types of nephrons can be distinguished: 
1.Cortical nephrons: their glomeruli in the outer portion of the renal cortex and 
have short Loop of Henle (LH). They constitute 85% of the total number of 
nephrons. Their efferent arterioles give rise a network of peritubular capillaries 
 
2.Juxtamedullary nephrons: their glomeruli in the inner portion of the renal 
cortex and have long loop of Henle that penetrates deeply in the renal medulla. They 
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constitute 15% of the total number of nephrons. Their efferent arterioles give rise 
peritubular capillaries & Vasa Recta. They are essential for urine concentration. 
 
On a micro scale, different regions of the nephron and common collecting duct 
have different histology & different functions: 
1.Urine is first formed in the glomerulus 
2.Active and passive processes in the thick tubules modify the contents and volume 
of the urine.  
3.Passive processes and active urine flows in the thin tubules concentrate the 
medullary osmolarity 
4.Urine in the collecting duct is reduced in volume and concentrated before being 
elaborated as “finished” urine. 
 
OBJECTIVE 4: Juxtaglomerular Apparatus (JGA) 
 Secretory structure located where the initial part of 

the DCT is in contact with the Glomerulus as it 
passes close to its afferent & efferent arterioles   

 Three parts: 
 Juxtaglomerular cells  in Afferent arteriole & 

secrete renin. 
 Macula densa cells  in DCT, sensors or detector of 

flow rate & fluid composition (especially Na content).    
 Extra glomerular mesangial cells & Mesangial 

cells: modified smooth muscle cells that secrete the 
ECM, cytokines and prostaglandins 

 Can influence glomerular filtration rate (GFR) by contracting and reducing 
blood flow through the Afferent arteriole 

 Overall Function: JGA is essential for autoregulation of glomerular filtration 
rate & renal blood flow. 

 SEE ALSO LECTURE 3 
 

OBJECTIVE 5: Renal vasculature  
The kidney receives arterial blood via the renal artery which directly from the Aorta. 
After entering the renal mass, the artery divides and divides repeatedly, each time 
multiplying the number of vessels which have smaller and smaller diameters.  
Finally, the arterial blood arrives at the glomerular capillaries, a tuft of small vessels 
surrounded by the head-end of the nephron.  
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It is here where blood plasma 
is ultra-filtrated into 
Bowman’s space as the initial 
form of urine. Blood flow 
through the glomerular 
capillaries can be regulated 
by differential constriction of 
smooth muscles in the 
afferent and efferent 
arterioles placed before and 
after the glomerular 
capillaries. After the arterial 
blood flows through the 
efferent arterioles, it once 
again forms a second 
capillary bed which is in 
series with the first 
glomerular capillaries (e.g. a 
portal circulation).  
 
 
 
THERE ARE TWO KEY POINTS ABOUT THE RENAL VASCULATURE:  
1. There are TWO sets of arterioles: the Afferent and the Efferent, that feed 
into, and lead out of the glomerulus 
2. There are TWO areas of capillaries: the glomerular capillaries and the 
peritubular capillaries. (Note also that the juxtamedullary nephrons have the 
Vasa Recta)  
 
 Due to the many parallel pathways (many capillaries), overall blood flow rate 

to the kidney is high (180Liters/Day!; the kidney turns over three times its 
volume per minute!) but the total renal vascular resistance is Low (see L34) 

 
There are two types of secondary capillary beds: 
1) Peritubular capillaries which bathe the entire cortex and surround both the 
proximal and distal convoluted tubules 
2) Vasa recta capillaries which dive down into the outer and inner medulla, 
perfusing the deep renal mass and surrounding the long and short loops of Henle.  
Of the entire cardiac output (4.5 L/min), about 25% is brought to the kidneys by the 
renal arteries (1.1 L blood/min or 0.6 L plasma/min). Of this high flow, 20% of the 
plasma is filtered from the glomerular capillaries into the Bowman’s space (0.125 
L/min or 125 mL/min). Since the final urine flow is reduced to a 1 mL/min, this 
means that a full 124 mL/min of filtered water is reabsorbed back into the blood by 
the renal tubular system. Thus, water is retained in the body and dehydration is 
slowed.  
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OBJECTIVE 6: Innervation of the kidney  
The nerve supply to the kidneys consists of sympathetic nerve fibers that originate 
in the celiac plexus.  
There is no parasympathetic innervation. 
Sympathetic innervation regulates RBF, GFR, and salt and water reabsorption by 
the nephron.  
Moreover, sympathetic nerves innervate the renin-producing granular cells that sit 
on the afferent arterioles. Renin secretion is stimulated by increased sympathetic 
activity (eg: norepinephrine).  
Nerve fibers also innervate the proximal tubule, loop of Henle, distal tubule, and 
collecting duct. Activation of these nerves enhances sodium reabsorption by these 
nephron segments. 

 
OBJECTIVE 7: Composition 
of urine  
•24-Hour Volume 
600 to 2,500 mL/day (0.4-1.7 
mL/min) 
•Color Amber coloration due to 
principally to pigment urochrome, 
a compound of urobilin or 
urobilinogen. 
 
Note what is ABSENT from the 
urine: glucose, amino acids, and 
blood!--> see lecture on filtration 
(L34) for explanation 
Note wide ranges in Na and K 
concentrations excess Na and K 
will be excreted (also see lectures 
on Na & K).  

Note: abnormal concentrations of 
substances in the urine signal 
renal or extra-renal pathology (e.g. 
proteinuria; glycosuria; bacteria in 
the urine; etc.) 

 
OBJECTIVE 8: Basic Renal Excretory process 
•Filtration (F) 
The process by which water & solutes in blood leave the vascular system passing 
through a filtration barrier to enter Bowman’s space movement from glomerular 
capillaries into Bowman’s space (passive filtering). 
•Reabsorption (R) 
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The process of moving substances from the tubular lumen across the cell into 
peritubular capillaries (active pumping). 
•Secretion (S) 
The process of moving substance from peritubular capillaries into the tubular (PCT, 
DCT or CD) lumen (active pumping). 
•Excretion (E) 
The process of moving substances from renal papilla to the renal calyces to pelvis of 
ureter then on to the urinary bladder.  
 
There are two ways in which substances can enter the nephron, by filtration (F) 
and by secretion (S).  
There are two ways in which substances can exit the nephron, by reabsorption (R) 
and by excretion (E).  
Filtered substances enter the renal nephron at the glomerular capillaries (head 
end of tubule) and excreted substances exit the common collecting duct at the renal 
papilla (tail end of tubule).  
Reabsorption and secretion take place into the peritubular capillaries of the cortex 
and vasa recta capillaries of the medulla.  
Substances that are reabsorbed or secreted are transported, actively or passively, 
across the nephron in the regions of the proximal and distal tubules in the renal 
cortex. There are also movements of substances into and out of the loop of Henle in 
the renal medulla as well as the collecting duct. 
The only difference between reabsorption and secretion is the direction of 
transport. Reabsorbed substances are moved from the tubular space back into the 
blood. Thus, reabsorption is a reclamation process to recapture substances that 
were previously filtered at the glomerulus. Secreted substances are moved from the 
blood into the tubular space. Thus, secretion is an elimination process to expel 
substances from the blood that escaped being filtered at the glomerulus (the 
filtration fraction is 20%--> ie: 20% of the fluid that enters the glomerulus is 
filtered; the remaining 80% goes through the efferent arteriole). 

 
The relationship among the four loads is as follows with tubular inputs on the left 
and tubular outputs on the right (what goes in must come out). 

F (mg/min) + S (mg/min) = R (mg/min) + E (mg/min) 
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•Solving this simple equation for excreted load gives the following:  
 

E (mg/min) = F (mg/min) + S (mg/min) –R (mg/min)  
 
•Assuming that reabsorbed substances are not secreted and that secreted 
substances are not reabsorbed (but note that K+ is both reabsorbed and secreted), 
the following two formulae are correct. This is how reabsorbed loads and secreted 
loads can be computed for substance X. 

RX(mg/min) = FX(mg/min) –EX(mg/min) 
SX(mg/min) = EX(mg/min) –FX(mg/min)  

Where: 
FX(mg/min) = PX(mg/mL) • GFR (mL/min) 
EX(mg/min) = UX(mg/mL) • Vurine (mL/min) 

 
 


