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Excretion Notes Nedwidek December 14-19, 2012. Junior Bio. Beware-only a few periods
Aim: How are wastes filtered from the blood?

Introduction: just as gas exchange provides raw materials for energy production, excretion gets rid of waste.   The volume of wastes and  liquids in one’s body must be homeostatically maintained or kept constant/at equilibrium. Blood is at equilibrium. 

Disturbances in homeostasis include changes in metabolism.  Illness , eating and sleeping all effect homeostasis.

Mammalian urinary systems remove waste:

-Kidneys interact with the blood. They therefore affect the blood pressure;  hypertension can be improved by taking a diuretic to reduce blood pressure and reduce the amount of water in the blood pushing against artery. the nephron is a functional unit of the kidney; Important physical structures aside from kidney are the ureters, the bladder and urethra.

Vertebrate urinary and excretory systems function to:

-regulate blood levels of iron

-regulate water content of blood 

-Maintain proper pH of blood

-retain  glucose and amino acids and other nutrients in the blood.

-Secrete hormones like erythropoietin 

-Eliminate cellular wastes like urea

-Salt helps one to retain water and as such increases the blood pressure.

-Isotonic saline or plasma can be used in lieu of a Blood transfusion

Urine is a product of urea which results from the metabolism of amino acids.
Amino acids are converted to ammonia, where the process stops in fish.  Ammonia  is converted in the liver of mammals to  urea. Urea then mixes with other substances to make urine.

Aim:  How do organisms excrete?

Types of excretion mechanisms in animals :

Flatworms: Simple flatworms (for example planaria,  use flame cells.

Mollusks and earthworms: Use kidney- like Nephridia.

Insects: Insects such as the grasshopper use Malpighian tubules to filter wastes.

Fish: Hi ammonia urine is removed from the kidney and expelled by the bladder.  Because fish live in a water rich environment they get away with high ammonia content in the urine.  The gills also assist in excretion by filtering the blood.  Saltwater fishes lose more water and gain ions (Salt in); freshwater fishes gain water and lose ions (Salt out);  Both processes involve active transport. The urine is dissolved and dissipated in the watery environment much like peeing in a swimming pool.

Birds and reptiles: Also have a kidney which removes uric acid in insoluble crystals through an all-purpose hole (connected internally by a duct) called the cloaca which is for excretion, elimination, and mating.

Humans: Waste is removed by urethra and sweat glands. Kidney and bladder concentrate and store urine, respectively. External urogenital anatomy: Females possess a dedicated urethra as the exit point for urine. Males urinate (And ejaculate) through the urethra which exits the penis.  Recall that the urethra is for urination , the vagina is for mating , and the anus is for defecation in females.  The ovaries (internal) are the female gonads. The clitoris (semi-external) is part of the female reproductive structure.  In males, the urethra is for urination and ejaculation while the anus is for defecation.  The penis (external) is for sexual intercourse and urination.  The testicles (external) contain the testes or male gonads. 

Aim:  What are the key organs involved in human excretion?

Draw the diagram from Kraus page 245 below articulating the gross anatomy of the human excretory system:

Human  excretory organs (Gross anatomy)/Also see Kraus 245:

Male versus female: This set up is basically the same until you get to the urethra. The exit point (past  the bladder ) is different in males versus females. You will learn more about the anatomy of these lower regions in a unit on reproduction in the spring!

General anatomy:

Renal artery (2): Carries blood waste to kidneys.

Kidneys (2): Not very large. Pair of bean shaped organs that filter the blood of wastes. Nephrons and glomeruli are the functional unit. Retain salt, water and nutrients as well.

Renal vein (2): Carries filtered blood away from the kidney.
Ureter (2): Carries urine away from each kidney to the bladder. Do not confuse with urethra!!!!

Bladder (1): Fusion of two symmetric sides occurs here. Stores urine in preparation for its expulsion. Potty training involves bladder control; Babies wear diapers to keep from urinating uncontrollably. Elderly lose bladder control as well--This is called incontinence.

Urethra (1): Carries urine out from the bladder.  In females this outlet has its own separate exit hole.  In males the urethra exits through the penis as do the reproductive structures.   Urine and semen each exit from the urethra through the penis but never simultaneously-Thank goodness that valve structures which control both systems prevent this from happening. See chart diagram of internal and external human urogenital  anatomy in class.  

Recall that renal refers to kidney, hepatic refers to liver, coronary refers to heart, pulmonary refers to lungs.

Each kidney is 5 inches long and 3 inches wide (audesirk 610) has distinct functional regions or parts:

Inner portion: renal pelvis for collection and funneling to ureter.

Outer portion: renal medulla (inside ) and renal cortex (outside) –further out than medulla. Nephrons for filtration are located here. Nephrons are between the cortex and the medulla .  Cortex has Bowmans capsules/Glomeruli.  Medulla has loops of Henle. Again, nephron is a functional unit.  

Aim:  How is waste removal accomplished by the kidney?

Nephron components : three structures

1) Glomerulus: capillary bed.

2) Bowmans capsule or renal corpuscle: active transport and concentration.

3) Tubules : proximal,  loop of Henle, distal , and collection duct.    

These three structures essentially create a salt concentration gradient ; the nephron is specific to birds and mammals.
The Bowman’s capsule/Glomerulus is the frame of reference for positional identification of tubules.  For instance proximal tubule where tubular reabsorption occurs  is near the Bowmans capsule and glomerulus where initial blood filtration occurs .  Active transport then occurs in the loop of Henle which narrows to a funnel and concentrates the reabsorbed filtrate.  Distal tubule where tubular secretion occurs is farthest from the Bowman’s capsule and closest to the collection duct.   And urine collection is in the collection duct beneath the distal tubule.

The purpose of the nephron is to increase surface area to improve urine formation. What is the nephron doing?  Subunits or small parts are necessary to do the job of diffusion and osmosis that leads to urine formation.   Passive diffusion and active transport both play a key role in the formation of urine.

Diffusion and active transport are at play constantly in the kidney. Dialysis acts In lieu of this process to remove waste from blood.  Diuretics are drugs that make you expel water.

The aorta and the vena cava lead to kidneys to assist in waste removal and urine formation.

The glomerulus and nephron are the functional units of the kidney; they're responsible for the mechanism of urine formation.......

--Osmotic pressure differential creates a watery filtrate during **filtration**•, driven by diffusion

--Filtrate is converted to urine during **tubular reabsorption** occurring in the proximal tubule to take back salt/ nutrients.  

--Henle’s loop imposes osmosis.  Water [Descending] then Salt [Ascending ] are pumped out at Henle, due osmotic gradient, leaving behind waste. See audesirk 614.

--Wastes not initially filtered into Bowman’s are removed from blood for excretion during **tubular secretion**.

--The collecting duct eliminates excess water during **concentration**.

The darker one's urine is, the  less water is in it.  Consumption of large amounts of salt makes urine darker in color.   Normal urine should be a lemon yellow color. Always drink enough water.   Never sit on the subway without looking at the seat for strange puddles first.  And don't eat yellow snow.  Ever. 

So to recap and consolidate the functions of the nephron within the kidney, here are the:

Homeostatic functions of kidneys:

--Maintain water content of blood via ADH (antidiuretic hormone ) also known as vasopressin , made by the hypothalamus and pituitary.

--Regulates salt and blood pH.  this connects to liver function.

--(Renin and angiotensin) regulate blood pressure by controlling the water content of blood.

--(Erythropoietin ) regulates red blood cell levels in response to low blood oxygen.

--Some animals have nephrons adapted to water availability.  For desert-dwelling animals, the drier the environment, the longer the loop of Henle--this allows urine to become more concentrated and water to be conserved.  Water dwellers have shorter loops of Henle by contrast.

Key concepts for Thursday's quiz (December 20):  Study out of audesirk:

-Be able to identify key structures in male urogenital system.

-Be able to identify key structures in kidney cross-section.

-Be able to identify key structures in and around glomerulus; Know nephron structure (incl. tubes).

-Know phases and order of steps in urine formation, including the role of each part of the nephron.

That's all folks!!!

Happy, gleeful holidays!!

:-)

