
11.3 Kidneys



Understandings
■ All animals are either osmoregulators or osmoconformers
■ The Malpighian tubule system in insects and the kidney carry out osmoregulation and the removal of nitrogenous 

wastes
■ The composition of blood in the renal artery is different from that in the renal vein
■ The ultrastructure of the glomerulus and Bowman’s capsule facilitate ultrafiltration
■ The proximal convoluted tubule selectively reabsorbs useful substances by active transport
■ The loop of Henle maintains hypertonic conditions in the medulla
■ ADH controls reabsorption of water in the collecting duct
■ The length of the loop of Henle is positively correlated with the need for water conservation in animals
■ The type of nitrogenous waste in animals is correlated with evolutionary history and habitat



Kidney Function
1. WATER BALANCE                                       2. REMOVAL OF TOXIC WASTES



Excess Water
Metabolic activity changes water levels in the 

body

Osmolarity effects cell tonicity

Animals manage their osmolarity in 2 ways:

- Osmoconformers: Maintain internal 

condition to match outside environment 

(less energy expenditure, but not consistent)

- Osmoregulators: Keep a constant osmolarity 

inside regardless of the environment (more 

energy expenditure, but always consistent)



Nitrogenous Wastes
- Breakdown of amino acids or nitrogenous bases of nucleic acids

- Proteins are polymers of amino acids

- Our body wants to eliminate this nitrogen (NH3 - amine group) because excess 

nitrogen in the body can be dangerous. 

- Different animals process this amine group differently (deamination - 

removal of amine group)

- Ammonia

- Urea

- Uric Acid 



Ammonia
- Requires very little energy to separate

- BUT… ammonia is EXTREMELY TOXIC 

for our cells (has to be diluted with water 

very quickly)

- Aquatic animals like fish process and 

release their excess nitrogen in the form of 

ammonia



Urea
- Requires more energy to create

- Is not very toxic and therefore does not 

require too much water for dilution

- Produced by mammals (have consistent 

availability of water)



Uric Acid
- Requires the most energy for 

processing

- Is the least toxic so requires the least 

amount of water for dilution

- They don’t have consistent access to 

water

- Releases nitrogenous wastes in a solid 

paste form

- When a baby bird is developing in an 

egg, this uric acid is stored in a 

specialized unit so that they’re not just 

stuck with this. 



Malpighian Tubes

- They filter their blood (hemolymph) 

through malpighian tubes.

- Malpighian tubules branch off of 

intestines and selectively reabsorbs 

water, ions, salts and delivers them to 

the midgut to be reabsorbed to 

hemolymph

- Releases uric acid through the anus

- Mammals do this through the 

kidney!



Functions of the Kidney
- Filters our blood by removing toxic 

waste products

- Removes excess water to maintain 

osmolarity

(We care not talking about 

defecation because that has all to do 

with the digestive system) 



Kidney Anatomy
- Oxygenated blood ENTERS through 

RENAL ARTERY

- Clean, deoxygenated blood EXITS 

through RENAL VEIN

- 25% of the blood pumped by our heart is 

filtered through the kidney!

- Over 1L filtered per minute!
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IB kidney drawing



Nephron
- Specialized structures 

which filter the blood



Nephron Structures and Functions

Glomerulus: Collection of capillaries where 

the blood is filtered to form filtrate.

Bowman’s capsule: contains the glomerulus. 

Afferent Arteriole: Blood comes into the glomerulus.

Efferent Arteriole: Filtered blood leaves to vasa recta.

Vasa recta: Reabsorbs filtrate from the nephron.

Loop of Henle: Selectively permeable loop that 

enters medulla and creates a salt gradient

Proximal Convoluted Tubule: Closer to the Bowman’s 

capsule

Distal Convoluted Tubule: Further away from the 

Bowman’s capsule

Collecting duct: Shared by nephrons and take material to 

the renal pelvis
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Nephron Drawing





Ultrafiltration in the Glomerulus
● 1,250,000 Nephrons in each kidney

● Unfiltered blood ENTERS through AFFERENT arteriole

● Filtered blood EXITS through EFFERENT arteriole

● Glomerulus and which allow it to easily exchange material

● Podocytes come off the the Bowman’s capsule and extensions 

called pediels wrap around the capillaries. In between the 

podocytes and glomerulus is a basement membrane

● AFFERENT arteriole had a WIDER opening than the 

efferent arteriole in order to create HYDROSTATIC 

PRESSURE and keep the blood moving

● Filtrate enters Bowman’s capsule and moves on along the 

convoluted tubule

● Blood cells, proteins are too BIG to cross the fenestrations

● Water, ion, glucose can cross and end up in the tubule

● Ultrafiltration in glomerulus is NOT selective enough… that’s 

why we move on along the convoluted tubule to reabsorb 

material 

● Basement Membrane: -Glycoprotein 

matrix mesh that filters the blood

-The basement membrane is size selective 

 



Reabsorption
- Our blood cells need to reabsorb 

some of the filtrate to keep (some 

nutrients, ions, salt, water)

- Blood leaves the glomerulus and 

moves forward to enter the vasa recta 

(which surround the convoluted 

tubules and the Loop of Henle)

- The first reabsorption takes place in 

the proximal convoluted tubule



Cross Section of the Proximal Convoluted Tubule
Make sure you know how to draw and 

label the cross section of the proximal 

convoluted tubule

● Made up of a series of one cell layer arranged in 

a circle, connected by tight junctions

● Every cell has a NUCLEUS and tons of 

MITOCHONDRIA to provide it with energy for 

active transport of material out

● The opening in the middle is the LUMEN which 

contains filtrate

● The cell is lined with MICROVILLI surrounding 

the lumen to increase surface area



Drawing of Proximal Convoluted Tubule Cross Section

https://www.youtube.com/watch?v=vUoFMjYcSuI
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https://www.youtube.com/watch?v=vUoFMjYcSuI


Selective Reabsorption of Solvents
● Majority of the reabsorption will take place in 

the PROXIMAL convoluted tubule.

● The capillaries will reabsorb 80% of the filtrate: 

all of the glucose, vitamins, hormones, mineral 

ions, amino acids, and water 

1. Salt is actively pumped from the lumen into the 

cells of the proximal convoluted tubule 

○ From the cells of the tubule, it is then pumped into the 

peritubular capillary bed (vasa recta)

○ This is all ACTIVE TRANSPORT (that’s what we need 

ATP and lots of mitochondria)



Selective Reabsorption of Water
2. The proximal convoluted tubule preserves 

osmotic balance

- Because so much salt is leaving the lumen 

and entering the the capillaries, water is 

also going to follow (via osmosis) in order 

to preserve an equal concentration. 

- The amount of water reabsorption is 

highly dependent on the amount of salt 

that is leaving. 

- Water will leave the lumen our blood 

plasma becomes isotonic to our blood 

cells



Glucose Reabsorption
3. Glucose is reabsorbed into our blood. 

- Because the glomerulus isn’t very selective, the 

ultrafiltration process takes in glucose

- In the proximal convoluted tubule, glucose is 

reabsorbed by the capillary bed via active transport. 

Diabetes: people with diabetes have high amount of 

glucose in their blood. Eventually, all that blood ends up 

in the lumen. In order to reabsorb all of that excess 

glucose, the person’s body has to work harder. This is 

why many people with diabetes end up having kidney 

trouble later in life. 



Osmoregulation
The amount of water that leaves our body depends on:

- How much water we ingest (too much water will 

make our plasma solution hypotonic and cause our 

cells to lyse, too little water will make our plasma 

solution hypertonic and cause our cells to shrivel)

- How much we sweat (if we sweat and release lots of 

water, our body will preserve water to prevent our 

cells from shriveling and vice versa)

- How rapidly you’re breathing (there is moisture in 

our breath)

Osmoregulation occurs in the medulla of the kidney, near 

the Loop of Henle



Loop of Henle - Osmoregulation
● The Loop of Henle is in the medulla

● It has a descending loop that comes down, and an ascending 

loop that carries filtrate up

● The medulla is super concentrated and filled with ions

● This is because the ascending Loop of Henle will use active 

transport to pump even more ions out so that the filtrate 

inside can reach a lower concentration (more hypotonic)

● As salts leave the ascending loop, water follows, leaving the 

descending loop. This concentrates the filtrate in the 

descending loop. 

● Water also passively leaves because the general environment 

in the medulla is salty/highly concentrated. 

● This opposite flow in both directions creates a 

COUNTERCURRENT FLOW which increase the gradient

● This water is taken up by the surrounding capillaries

● Our filtrate/urine is now concentrated in the Loop of Henle!

http://www.youtube.com/watch?v=cYyJF_aSC6o


Collecting Duct
● There is still more water than there normally should be in urine, 

so our collecting duct wants to release more water to be carried by 

the capillaries

● The amount of water that is released from our collecting duct is 

dependent on the hormone ADH (antidiuretic hormone)

● The posterior pituitary gland in our brain releases ADH

● If ADH is present, the collecting duct becomes more permeable to 

water so more water will leave the collecting duct and be 

reabsorbed by our capillaries before reaching the bladder

● If ADH is not present, the collecting duct becomes less permeable 

to water so less water will leave the collecting duct and less water 

is reabsorbed by our capillaries 



Antidiuretic hormone
Dehydration causes us to release ADH (and 

allow our blood to reabsorb more water)

Hydration prevents the release of ADH 

(allowing our collecting duct to release less 

water and take dilute urine to the bladder)



Water conservation adaptations
Animals who live in desserts or dry climates where water needs to be preserved, have 

special adaptations such a longer Loop of Henle. 

A long Loop of Henle will allow animals to reabsorb more water in their bloodstream, 

so their urine will be very concentrated. 



Renal Artery vs. Renal Vein
What is found inside our Renal Artery?

- Blood cells

- Oxygen

- Water

- Toxins (nitrogen)

- Urea 

- Glucose

- Proteins

What is found inside our Renal Vein?

- Blood cells

- Deoxygenated

- Water 

- 50% nitrogenous wastes

- 50% urea

- Glucose

- Proteins



Kidney Disease
Kidney disease happens when our kidneys are unable to properly flush out toxins from our blood. 

This can mess with the osmolarity of our blood and can be life threatening

Dialysis:

- Dialysis is a method to help filter out toxins from your blood. Your body is attached to a machine 

and blood flows through it to get rid of any toxins. It is also replenished with a fluid to retain a 

normal osmotic balance (takes 2-3 hours multiple times a week)

Kidney Transplant: 

- Donor kidney must match the recipient

- The recipient has to take immunosuppressants 

- The donor can live with just one kidney



Things that shouldn’t be found in normal urine

● Glucose: If glucose is found in the urine, this would 

indicate that you might diabetes

● Proteins: High amounts of different proteins in the 

blood can be a sign of different diseases or hormonal 

conditions (like hCG for pregnancy)

● Blood cells: We never want to find blood. This could 

be an indication of infections or cancer

● Drugs: Well… this is something a person is 

intentionally doing and probably shouldn’t be… (ex: 

performance enhancing drugs)



Dehydration vs. Overhydration
Dehydration

- Hypertonic fluids 

(blood cells will shrivel)

- Concentrated urine

- Drop in blood pressure

- Fatigue

- Seizures, brain damage, 

death

Overhydration

- Hypotonic fluids (blood cells 

will lyse)

- Clear urine

- Cells will swell

- Headaches

- Blurred vision, delirium, 

seizures


