Chapter Outline

I. Do Coral Reef Animals Regulate?








A. The animals in a coral reef osmoregulate.



1. They regulate the quantity of ions in their body fluids.



2. Some invertebrates do not osmoregulate.




a) Their body fluids conform to the sea water around them.




b) This saves energy.



 
c) These invertebrates that live in the sea are isotonic to sea water.


B. Animals that live on land have adapted to a terrestrial existence.



1. They have developed an appropriate respiratory organ. 



2. They have also developed a good osmoregulatory organ, such as the vertebrate 




kidney.



3. They have various accessory ways to reduce water loss to the dry air. 


C. The blood plasmas of marine vertebrates are hypotonic to sea water.



1. When these animals live in a coral reef, they tend to gain salt.



2. The vertebrate kidney is much better at conserving water on land than pumping 




out extra salts in the marine environment.



3. But the fishes in the coral reef get a little help from their gills.




a) In marine environments, gills pump salts out. In fresh water, they do the 




opposite.



4. Sea turtles and seabirds have special salt glands that pump salts out. 



5. Animals do spend a lot of energy regulating the osmolarity of their internal 




body fluids.
II.
Comparative Excretory Organs__________________




Critical concepts include: forms of nitrogenous waste and methods of excretion by invertebrates.

Excretion is the elimination of metabolic wastes, such as nitrogenous wastes. Do not confuse excretion with defecation. 

34.1 The nitrogenous waste product of animals varies according to the environment


A. The breakdown of various molecules, including protein and nucleic acids, 



results in nitrogenous wastes.



1. When amino acids are broken down by the body to generate energy, or are 




converted to fats or carbohydrates, the amino groups (–NH2) must be 




removed.




a) They may be excreted in the form of ammonia, urea, or uric acid, 




depending on the species.


B. Ammonia



1. Amino groups removed from amino acids immediately form ammonia 



(NH3) by the addition of a third hydrogen ion.




a) Little or no energy is required.



2. Ammonia is quite toxic, but can be a nitrogenous excretory product if a 




good deal of water is available to wash it from the body.




a) Ammonia is excreted by most fishes and other aquatic animals.


C. Urea



1. Production of urea requires the expenditure of energy.




a) It is produced in the liver by the urea cycle.



2. Urea is much less toxic than ammonia and can be excreted in a moderately 




concentrated solution.




a) Sharks, adult amphibians, and mammals usually excrete urea as their 




main nitrogenous waste.


D. Uric Acid



1. Synthesis of uric acid requires a long, complex series of enzymatic 




reactions and uses even more ATP than does urea synthesis.



2. Uric acid is not very toxic, and it is poorly soluble in water.



3. Uric acid is routinely excreted by insects, reptiles, including birds.




a) In reptiles and birds, a dilute solution of uric acid passes from the 




kidneys to the cloaca.




b) The cloaca contents can be refluxed into the large intestine, where 




water is reabsorbed.



4. The production of insoluble, relatively nontoxic uric acid is advantageous 




for shelled embryos that store nitrogenous wastes inside the shell until 




hatching occurs.


E. In general, it is possible to predict which metabolic waste product an animal 



excretes based on its anatomy and environment, but not always. 

34.2 Many invertebrates have organs of excretion



A. Most animals have tubular excretory organs that regulate the water-salt balance 




of the body and excrete metabolic wastes into the environment.



B. Planarians




1. Planarians are flatworms that live in fresh water.




2. Their excretory organs consist of two strands of branching tubules that open 





to the outside of the body through excretory pores.





a) Located along the tubules are bulblike flame cells that propel fluid 





through the excretory tubules and out of the body.



C. Earthworms




1. The body of an earthworm is divided into segments, and nearly every body 





segment has a pair of excretory structures called nephridia.





a) As fluid from the coelom is propelled through the tubule by beating 





cilia, its composition is modified.




2. Although the earthworm is considered a terrestrial animal, it excretes a very 





dilute urine.



D. Arthropods




1. Insects have a unique excretory system consisting of long, thin tubules 





called Malpighian tubules attached to the digestive tract.





a) Uric acid is actively transported from the surrounding hemolymph into 





these tubules, and water follows.





b) Water and other useful substances are reabsorbed at the rectum, and 





uric acid leaves the body.




2. The excretory organs of other arthropods are given different names, 





although they function similarly.





a) Crustaceans—green glands




b) Shrimp and pillbugs—maxillary glands




c) Spiders, scorpions, and other arachnids—coxal glands


E. Invertebrates utilize tubules to rid the body of wastes and maintain a water-salt 




balance.

How Life Changes

34A Evolution of Vertebrates and the Vertebrate Kidney


A. Chordates, but not vertebrates, evolved in the Cambrian seas.




1. Fishes were the first vertebrates to evolve and based on the workings of the 





kidneys in bony fishes, it appears that vertebrates evolved in freshwater.





a) Therefore, vertebrates would not have been present in marine Cambrian 





seas.





b) The concentration of salts in the blood of all vertebrates is much lower 





than that of sea water.





c) Their kidneys are capable of producing a dilute urine, which is good at 





washing out urea, the nitrogenous waste produced by vertebrates.



B. Freshwater bony fishes




1. The concentration of salts in freshwater is very low.




2. Therefore, freshwater fishes tend to gain water by osmosis across the gills 





and the body surface.





a) These fishes never need to drink water. 





b) They actively transport salts in to the blood across the membranes of 





their gills.





c) They eliminate excess water by producing large quantities of dilute 





urine.



C. Marine bony fishes




1. Sea water is hypertonic to the blood plasma of marine fishes.




2. As sea water washes over their gills, marine bony fishes lose water by 





osmosis.





a) To counteract this, they drink sea water almost constantly.





b) They can get rid of excess salt by actively transporting it into the 





surrounding sea water at the gills.





c) Their kidneys can conserve water, and marine fishes produce a scant 





amount of isotonic urine. 




d) The ability to produce a scant amount of urine is actually preadaptive to 





living on land because the land environment is dry. 




3. A comparison of freshwater bony fishes with marine bony fishes does 





indeed suggest that freshwater bony fishes evolved first.





a) Marine bony fishes would be far better off energetically if their blood 





was isotonic to sea water.



 



D. Cartilaginous fishes




1. The total concentration of the various ions in the blood of cartilaginous 





fishes is less than that in sea water.




2. However, these fishes evolved a totally different method of dealing with the 





marine environment than did marine fishes.




3. Their blood plasma is nearly isotonic to sea water because they pump it full 





of urea, and this molecule gives their blood the same tonicity as sea water.





a) Vertebrates can tolerate a high concentration of urea in their blood. 




4. Cartilaginous fishes do have an auxiliary method of getting rid of salts.





a) They have rectal glands.



E. Seagulls, reptiles, and mammals




1. Birds, reptiles, and mammals evolved on land, and they make use of the 





kidney’s ability to conserve water when needed.




2. Some of these have become secondarily adapted to living near or in the sea.





a) Little is known about how whales manage to get rid of extra salt, but 





their kidneys are enormous.





b) Marine reptiles, including seabirds, have salt glands that may have later 





evolved into the tear glands of mammals.




3. In seabirds, salt-excreting glands are located near the eyes.





a) In marine turtles, the salt gland is more similar to a tear gland.





b) In sea snakes, a salivary sublingual gland gets rid of excess salt.




4. The human kidney regulates the water-salt concentration of the blood and 





can produce scant to copious urine as needed.





a) Humans have no auxiliary gland to get rid of excess salt.





b) The kidneys are unable to excrete salt and other solutes such as urea 





without also excreting water. 





c) Therefore, we need access to fresh water in order to produce enough 





urine to wash excess salt from the body. 

III.
Mammalian Urinary System______________________




Critical concepts include: role and anatomy of the mammalian kidney, urine formation, and urinalysis.


34.3 The urinary system includes kidneys that contain tubules


A. In mammals, the kidneys are bean-shaped, reddish-brown organs, each about 




the size of a fist.




1. They are located in the lower back on either side of the vertebral column, 





partially protected by the lower rib cage.




2. Urine is produced by the kidneys.




3. Each kidney is connected to a ureter, a duct that takes urine from the 





kidney to the urinary bladder, where it is stored until it is voided from 





the body through the single urethra.



B. In males, the urethra passes through the penis, and in females, the opening of 




the urethra is ventral to the vagina.




1. There is no connection between the genital and urinary system in females, 





but in males, the urethra also carries sperm during ejaculation.





a) This is an either/or situation: either sperm or urine.



C. Reptiles and birds have an elongated kidney resembling that of fishes and 




amphibians during development.




1. But as adults, their kidney resembles that of mammals.




2. In all vertebrates, except placental mammals, a duct from the kidney 





conducts urine to a cloaca.



D. Macroscopic and microscopic anatomy of the kidney




1. The renal cortex, which is the outer region of a kidney, has a somewhat 





granular appearance.




2. The renal medulla consists of six to ten cone-shaped renal pyramids.




3. The renal pelvis is a hollow chamber where urine collects.




4. A kidney stone is a hard granule of phosphate, calcium, protein, or uric acid 





that forms in the renal pelvis.




5. All vertebrate kidneys contain tiny tubules called nephrons that produce 





urine.





a) Some nephrons are located primarily in the renal cortex, but others dip 





down into the renal medulla.





b) The blind end of a nephron is pushed in on itself to form a cuplike 





structure called the glomerular capsule.





c) Leading from the glomerular capsule is a portion of the nephron known 





as the proximal convoluted tubule.





d) Next comes the loop of the nephron, followed by the distal 




convoluted tubule.





e) Several distal convoluted tubules enter one collecting duct, which takes 





urine down through the renal medulla and delivers it to the renal pelvis.




6. Each mammalian nephron has an extensive blood supply.





a) The renal artery leads to many arterioles, one for each nephron.





b) Each different arteriole divides to form a capillary bed called the 
            glomerulus.




c) Blood from the glomerulus drains into an arteriole, which subsequently 





branches into a second capillary bed around the tubular parts of the 





nephron, called the peritubular capillary network.





d) This capillary bed leads to venules that form the renal vein.


34.4 The kidney tubules produce urine



A. As the kidneys produce urine they perform various services such as excreting 
         nitrogenous wastes, maintaining the water-salt balance, and maintaining the 
         acid-base balance of the blood. 



1. Excreting nitrogenous wastes is an important function of the kidneys but the 
            other functions are just as, if not more, important.


B. An average human produces 1-2 L of urine daily.




1. Urine production requires three distinct steps.



C. Glomerular filtration




1. Glomerular filtration is the movement of small molecules across the 





glomerular wall into the glomerular capsule as a result of blood pressure.





a) The molecules that leave the blood and enter the glomerular capsule are 





called the glomerular filtrate.





b) Plasma proteins and blood cells are too large to be part of this filtrate.






c) Glomerular filtrate is essentially protein-free, but otherwise it has the 





same composition as blood plasma.



D. Tubular reabsorption




1. Tubular reabsorption takes place when substances move across the walls of 





the tubules into the associated peritubular capillary network.





a) Sodium ions are actively pumped into the peritubular capillary, and then 





chloride ions follow passively.





b) The osmolarity of the blood causes water to move passively from the 
            tubule into the blood.




2. Nutrients such as glucose and amino acids also return to the blood at the 





proximal convoluted tubule. 





a) This is a selective process.





b) Ex: glucose is specifically reabsorbed completely, unless there is too 





much in the blood, as in diabetes mellitus. 





c) Urea is passively reabsorbed from the filtrate.



E. Tubular secretion




1. Tubular secretion is the second way substances are removed from blood 





and added to tubular fluid.





a) Ex: uric acid, hydrogen ions, ammonia, creatinine, histamine, penicillin

How Biology Impacts Our Lives

34B Urinalysis Can Detect Drug Use


A. Today, the use of urinalysis has expanded beyond medical applications to 




include forensic diagnosis of drug use.




1. Screening for illegal drug use is now mandated by federal and state 





agencies as a condition of employment.





a) Private employers may require it as well.




2. The National Collegiate Athletic Association also requires all student 





athletes to undergo drug testing.



B. Urinalysis is not used to screen for the drugs themselves, but for drug 




metabolites, the breakdown products of drugs that have been consumed or 




injected. 




1. A screening exam involves placing a test strip into freshly voided urine.




2. A more sophisticated chemical analysis, such as gas chromatography, can 





rule out false positives. 



C. Tracking long-term drug use may require using hair samples in addition to 




urine samples.



D. The urine specimen must be properly collected to avoid possible tampering by 




the individual being tested. 

IV. Kidneys and Homeostasis





_____________ 
Critical concepts include: maintenance of water-salt balance, regulation of acid-base balance, urinary disorders, and dialysis.


34.5 The kidneys can concentrate urine to maintain water-salt balance


A. The kidney regulates the water-salt balance in mammals.




1. Along with nutrients, most of the water and salt (NaCl) present in the 





filtrate is reabsorbed across the wall of the proximal convoluted tubule.





a) During the process of reabsorption, water passes through water 





channels called aquaporins.




2. Salt passively diffuses out of the lower portion of the ascending limb of the 





loop of the nephron.





a) The upper, thick portion of the limb actively extrudes NaCl into the 





tissue of the outer renal medulla.





b) There is an osmotic gradient within the tissues of the renal medulla.




3. The medulla has an increasing concentration of solutes.





a) This cannot be due to NaCl.





b) Urea is believed to leak from the lower portion of the collecting duct.




4. Because of the osmotic gradient within the renal medulla, water leaves the 





descending limb along its entire length.





a) This is a countercurrent mechanism.




5. When fluid enters the collecting duct from the distal convoluted tubule.





a) This fluid is isotonic to the cells of the renal cortex.





b) This filtrate encounters the same osmotic gradient mentioned earlier, 





and water diffuses out of the collecting duct into the renal medulla.





c) The urine becomes hypertonic to blood plasma.



B. Antidiuretic hormone (ADH), released by the posterior lobe of the pituitary 




gland, plays a role in water reabsorption at the collecting duct. 




1. When ADH is present, more water is reabsorbed, and a decreased amount 





of urine results.




2. Diuretics, such as caffeine and alcohol, increase the flow of urine by 





interfering with the action of ADH.



C. Hormones control the reabsorption of salt




1. Usually more than 99% of the sodium filtered at the glomerulus is returned 





to the blood. 




2. Blood volume and pressure are regulated, in part, by salt reabsorption.





a) When blood volume is not sufficient to promote glomerular filtration, 





the kidneys secrete renin, an enzyme that changes angiotensinogen to 





angiotensin I.





b) Later, angiotensin I is converted into angiotensin II, a powerful 





vasoconstrictor, which also stimulates the adrenal glands to release 





aldosterone.





c) Aldosterone is a hormone that promotes the excretion of potassium 





ions and the reabsorption of sodium ions at the distal convoluted tubule.





d) Atrial natriuretic hormone (ANH) is a hormone secreted by the atria 





of the heart when cardiac cells are stretched due to increased blood 





volume.





e) Its effect is to promote the excretion of Na+ (natriuresis).

34.6 Lungs and kidneys maintain acid-base balance


A. The regulation of pH is extremely important to good health.




1. The bicarbonate ion buffer system works together with the breathing 





process to maintain the pH of the blood.




2. The excretion of carbon dioxide by the lungs helps keep the pH within 





normal limits because when carbon dioxide is exhaled, hydrogen ions are 





tied up in water.





a) When blood pH decrease, chemoreceptors stimulate the respiratory 





control center, and the rate and depth of breathing increase.





b) When blood pH begins to rise, the respiratory control center is 





depressed, and the amount of bicarbonate ion increases in the blood.




3. As powerful as these mechanisms are, only the kidneys can rid the body of 





a wide range of acidic and basic substances.





a) The kidneys are slower acting than the buffer/breathing mechanism, but 





they have a more powerful effect on pH.




4. If the blood is acidic, hydrogen ions move from the blood into the tubule 





and are excreted. Bicarbonate ions are reabsorbed.





a) If the blood is basic, hydrogen ions are not excreted, and bicarbonate 





ions are not reabsorbed.




5. Ammonia produced in tubule cells by the deamination of amino acids, 





provides a means of buffering hydrogen ions in urine.



B. Acidosis and alkalosis




1. The normal pH of arterial blood is around 7.4.





a) Therefore, a person is said to have acidosis when the blood pH is below 





7.34, and alkalosis when the blood pH is higher than 7.45.





b) Abnormal breathing rates can lead to acidosis and alkalosis, as can 





alcohol consumption and diabetes. 



How Science Progresses

34C Treatment for Urinary Disorders


A. Urinary tract infections, an enlarged prostate gland, pH imbalance, or intake of 




too much calcium can lead to kidney stones.




1. Kidney stones form in the renal pelvis and usually pass unnoticed.




2. If they grow too large, reverse pressure builds up and destroys nephrons.



B. Many types of illnesses, especially diabetes, hypertension, and recurrent 




infections, cause progressive renal disease and renal failure.




1. One of the first signs of nephron damage is albumin, white blood cells, or 





even red blood cells in the urine.




2. If damage is extensive, urea and other waste substances accumulate in the 





blood.





a) This condition is called uremia.



C. Artificial kidney machine




1. Patients with renal failure can undergo hemodialysis, using an artificial 





kidney machine.




2. In an artificial kidney machine, the patient’s blood passes through a 





membranous tube, which is in contact with a dialysis solution, or 





dialysate.





a) The pores in the synthetic membrane are small enough to allow only 





small molecules to pass through.





b) The artificial kidney can be used to extract or add substances to the 





blood.



D. Lab-Grown bladders and kidneys




1. Bladders grown in a lab have been successfully transplanted into a number 





of patients.





a) The patient can contribute normal cells from his/her own diseased 





bladder, and then these cells are cultured in a lab to form a new bladder 





when grown on a collagen form shaped like a bladder. 

