
11.3 – THE KIDNEY AND OSMOREGULATION 

FUNCTIONS OF THE KIDNEY 

  Osmoregulation:  Water homeostasis 
  Controlling water levels/concentration in the blood and cells 

 
  Excretion:  Getting rid of nitrogenous waste 

  Nitrogen comes from the digestion of protein (amino acids) we eat 
 
  Kidneys do osmoregulation and excretion in mammals 
  Malpighian tubules do osmoregulation and excretion in insects 
 
 
 
 
KIDNEY DIAGRAM 

 
  Renal artery:  Brings blood to the kidneys to be filtered 
  Renal vein:  Takes filtered blood from the kidneys to the body 
  Cortex:  Outer part of kidneys containing upper parts of nephrons 
   Glomerulus, Bowman’s Capsule, PCT and DCT 
  Medulla:  Inner part of kidneys containing lower parts of nephrons 
   Loop of Henle and Collecting duct 
   Has a high solute/salt concentration 
  Renal pelvis:  Collects urine from all the collecting ducts 
  Ureter:  Tube that brings urine from the kidney to the bladder 
 
 
  



MAINTAINING WATER BALANCE 
 
  Animal can be osmoregulation or osmoconformers 

  Osmoregulators: regulate body water levels 
o Examples: humans all mammals bug, fish 

  Osmoconformers: let their body match environment’s water level 
o Examples: jellyfish 

 
  Organisms need to maintain a water balance with the environment 

  Dehydration: when you do not have enough water in your body 
o Dry mouth, no sweating 
o Headaches, weakness, hallucinations 
o Death, fainting 

  Overhydration: when you have too much water in your body 
o Headaches, vomiting, fainting 
o Hallucination 
o Death 

 
 
 
GETTING RID OF NITROGENOUS WASTES 
 
  Organisms need to get rid of their nitrogen wastes 

  Method of release linked to their niche 
 

1. Fish 
o live in water, so they release nitrogen straight into their habitat 
o release nitrogen as ammonia 

 
2. Mammals 

o live on land, so carry wastes with them into a water bag = bladder 
o release nitrogen as urea which is more concentrated than ammonia 

 
3. Birds 

o fly and need to minimize weight, so do not use water 
 water is heavy 

o release nitrogen as uric acid which is more concentrated that urea 
 
  



THE NEPHRON 
 
  The kidney is made of around a million small tubes called Nephrons 
  Nephrons are the functional unit of the kidney 

  They do osmoregulation and excretion 
 

 

 
 

 
 
 
 



  Nephrons have three main functions: 
1. Ultrafiltration = Filtering out all small substances from the blood 

o In the glomerulus 
2. Selective reabsorption = Choosing which substance to absorb back into the blood 

o In the proximal convoluted tubules 
3. Osmoregulation = Maintain blood water levels within precise limits 

o In the collecting duct 
 
 
 
ULTRAFILTRATION in the glomerulus 
 

1. Afferent arteriole brings blood to the glomerulus and efferent arteriole brings it out 

o Afferent arteriole is wider than efferent arteriole 

o Make a huge pressure in the glomerulus 

2. Glomerulus has 3 levels of filtration 

o Glomerulus has fenestrated capillaries (epithelium walls have small gaps) 

o Glomerulus is wrapped in a basement membrane (which is made of protein) 

o Podocytes – cells with “fingers” are wrapped around capillaries 

3. Anything small enough to fit through gets filtered out into Bowman’s capsule 

o Urea, glucose, water, amino acids, and salts are filtered out 

o Red blood cells, white blood cells, and large proteins stay in blood 

 
 
 
SELECTIVE REABSORPTION in the PCT 
 

1. Filtrate from Bowman’s capsule enters the proximal convoluted tubule (PCT) 

2. PCT cells have curves called microvilli 

o Increases surface area for absorption 

3. PCT cells actively (with ATP) pump glucose back into blood using protein pumps 

o PCT cells have many mitochondria to make the ATP they need 

4. Some water is reabsorbed by osmosis 

5. Salts and minerals are also reabsorbed by facilitated diffusion 

 
  



OSMOREGULATION 
 

1. Osmoregulation is the control of water balance in the body 
2. Filtrate enters the Loop of Henle from the PCT 
3. Loop of Henle descends into the medulla, which is salty (has a high solute concentration) 
4. Descending limb of the Loop of Henle is permeable to water 

o Water leaves the descending limb of the Loop of Henle by osmosis 
5. Ascending limb of the Loop of Henle is impermeable to wate 
6. Ascending limp of Loop of Henle actively (using ATP) pumps Na+ (salt) out into the medulla 

o This keeps the medulla salty (maintains its high concentration) 
7. Filtrate moves from Loop of Henle to Distal Convoluted Tubule to the Collecting Duct 
8. Collecting Duct is normally impermeable to water 

o Water goes through the Collecting Duct to the ureter 
o Urine formed is watery (light in color) 

9. When dehydrated, the pituitary in the brain releases ADH 
10. ADH makes the Collecting Duct permeable to water 

o Water is reabsorbed into the medulla by osmosis 
o Urine formed is concentrated (dark in color) 

 
 
 
 
 
 
COMPARISON OF RENAL FLUIDS 
 
  

 Renal Artery  Renal Vein  
Afferent 
arteriole 

Efferent 
arteriole  

Glucose Same Same More  Less 

Salts  Same Same  More Less  

Oxygen More Less More Less 

CO2 Less More Less More 

Urea More Less  More Less  

Protein Same Same  Same  Same  

 
  



CONDITIONS OF THE KIDNEY 
 
  Several conditions can be detecting using urine tests: 

 Drugs can be detected in urine 

 Blood in urine suggests kidney damage 

 Sugar/glucose in urine suggests diabetes 
 
 
 
Diabetes 

1. Diabetics often means you have too much sugar in your blood 
2. Sugar gets filtered out in glomerulus by ultrafilitration 
3. There is too much sugar to be reabsorbed in the PCT 

o The PCT cells do not have enough protein pumps 
4. So, sugar passes through nephron and some can be detected in pee 

 
 
 
Kidney stones 
  Crystals can form from urine in the bladder 

  Dehydration and too much salt contributes 
  Usually you try to pee the stones out 
  If stones are too big, you can use shockwave lithotripsy 

  Using loud low sounds to break stones, and then pee them out 
 
 
 
Treating kidney failure 
  Kidneys can stop working or get blocked 
 
  There are two main treatments for kidney failure: 

1. Kidney transplant 
o Add a donor kidney to the body 
o Often leave other kidneys in (unless they are dangerous) 

 
2. Hemodialysis 

o Pump blood in hemodialysis machine 
o Blood goes through dialyzer 

 Machine that moves fluid around blood in tubes 
o Gets rid of urea by diffusion 
o Clean blood pumped into body 
o Pressure is adjusted going into and out of the machine to match body 
o Several hours needed every few days 


