Osmoconformers vs. osmoregulators 

· Osmoregulatory challenges and mechanisms

· An osmoconformer has its internal osmolarity isoosmotic with its surroundings. 

· Marine animals are all osmoconformers. 

· An osmoregulator has its internal osmolarity independent compared to its surroundings. 

· Enables animals to live in environments that are unhabitable fo rosmoconformers, such as freshwater and terrestrial habitats, or to move between marine and freshwater environments. 

· Many marine vertebrates and some marine invertebrates are osmoregulators. Their body is hypotonic to the environment and water will naturally flow out. Mechanisms:
· Gain of water and salt ions from eating food and drinking seawater. 

· Osmotic water loss through gills and other pats of the body surface. 
· Excretion of salt ions from gills. 
· Excretion of salt ions and small amounts of water in scanty urine from kidneys.

· Freshwater fish are osmoregulators. Their body is hypertonic to the environment, meaning water will naturally flow in. 
· Gain of water and some ions in food. NO DRINKING. 
· Uptake of salt ions by gills. 
· Osmotic water gain through gills and other parts of body surface. 
· Excretion of salt ions and large amounts of water in dilute urine form kidneys. 

· Transport epithelia in osmoregulation 

· In most animals, osmoregulation and metabolic waste disposal rely on transport epithelia—one or more layers of epithelial cells specialized for moving particular solutes in controlled amounts in specific directions. 

· Typically arranged into complex tubular networks with extensive surface areas.

· In birds, the transport epithelium are the pair of nasal salt glands.
· Salt glands use active transport to secrete excess salts. They maintain salt balance and allow for saltwater to be drank.
Nitrogen waste
· Forms of Nitrogenous Waste 

· Animals that secrete nitrogenous wastes as ammonia need access to lots of water because ammonia can be tolerated at very low concentrations. Most common in aquatic species. 

· Most terrestrial animals and many marine species secrete urea. The advantage is that urea has very low toxicity. The disadvantage is that it requires tremendous amounts of energy. 

· Insects, land snails, and many reptiles, including birds, create uric acid as their primary nitrogenous waste. The advantage is that uric acid is not toxic and it can be disposed with minimal water loss. Disadvantage is that it requires lots of energy. 
Structure of excretory systems
· Excretory processes

· Hydrostatic pressure drives a process of filtration, where a tubule collects a filtrate from the blood. Proteins and other large molecules can't be filtered out of the blood while small solutes can.

· The transport epithelium then reclaims valuable substances from the filtrate and returns them to body fluids. This is reabsorption. 

· Other substances, such as toxins and excess ions, are extracted from body fluids and added to the contents of the excretory tubule. This is called secretion 

· The altered filtrate (urine) leaves the system and the body. This is called excretion. 

· Protonephridia 

· Platyhelminthes and Rotifera have units called protonephridia, which form a network of dead-end tubules. 

· The tubules, which are connected to external openings, branch throughout the flatworm body. 

· Cellular units called flame bulbs cap the branches at each protonephridium. 

· During filtration, the beating of the cilia draws water and solutes from the interstitial fluid through the flame bulb, releasing filtrate into the tubule netowrk. 

· The filtrate then moves outward through the tubules and empties as urine into the environment. 

· Metanephridia 

· Annelids have metanephridia, excretory organs that collect fluid directly from the coelom. 

· Each segment of an annelid has a pair of metanephridia, which are immersed in coleomic fluid and enveloped by a capillary network. 

· A ciliated funnel surrounds the internal opening of each metanephridium. 

· As the cilia beat, fluid is drawn into a collecting tubule, which includes a storage bladder that opens to the outside. 

· Malphagian tubules 

· Arthropods have organs called malphagian tubules that remove nitrogenous wastes and also function in osmoregualtion. 

· They extend from dead-end tips immersed in the hemolymph to openings in the digestive tract. 

· There is NO filtration step. 

· The transport epithelium that lines the tubules secretes certain solutes from the hemolymph into the lumen of the tubule. 

· Water follows the solutes into the tubule by osmosis, and the fluid then passes into the rectum. 

· There, most solutes are pumped back into the hemolymph, and water reabsorption by osmosis follows. 

· Wastes are eliminated as dry matter along with feces. 

· Mammalian Excretory system

· Excretory organs 

· In the lungs, CO2 and water vapor diffuse from the blood and are continually exhaled.

· The liver produces nitrogenous wastes, blood pigment wastes, and other chemical wastes. 

· The skin sweat glands excrete water and dissolved salts to regulate body temperature. 

· The excretory system consists of kidneys, a pair of organs for transporting and storing urine. 

· Urine produced by each kidney exits through a duct called the ureter; the two ureters drain into a common sac called the urinary bladder. 

· During urination, urine is expelled from the bladder through a tube called the urethra 
· Sphincter muscles near the junction of the urethra and bladder regulate urination.

· Kidney structure 

· Each kidney has an outer renal cortex and an inner renal medulla. Both regions are supplied with blood by a renal artery and drained by a renal vein. 

· Within the cortex and the medulla lie tightly packed excretory tubules and associated blood vessels.

· The fluid that will be excreted as urine is collected in the inner renal pelvis, and exits the kidney via the ureter. 

· Nephron Types 

· Weaving back and forth across the renal cortex and medulla are the nephrons, the functional units of the vertebrate kidney. 

· 85% of the nephrons are cortical nephrons, which reach only a short distance into the medulla. 

· The remainder, the juxtamedullary nephrons, extend deep into the medulla. 

· They are essential for production of urine that is hyperosmotic to body fluids, a key adaptation for water conservation in mammals.

· Nephron organization 

· Each nephron consists of a single long tubule as well as a ball of capillaries called the glomerulus. The blind end of the tubule forms a cup-shaped swelling, called Bowman's capsule, which surrounds the glomerulus. 

· Filtrate is formed when blood pressure forces fluid from the blood in the glomerulus into the lumen of Bowman's capsule. 

· Processing occurs as the filtrate passes through three major regions of the nephron: the proximal tubule the loop of Henle, and the distal tubule. 

· A collecting duct receives processed filtrate from many nephrons and transports it to the renal pelvis. 

· Each nephron is supplied with blood by an afferent arteriole an offhsoot of the renal artery that branches and forms the capillaries of the glomerulus. The capillaries converge as they leave the glomerulus, forming an efferent arteriole.

· Branches of this vessel form the peritubular capillaries, which surround the proximal and distal tubules. Other branches extend downward and form the vasa recta, hairpin-shaped capillaries that serve the renal medulla, including the long loop of Henle of juxtamedullary nephrons.
How the whole excretory process occurs
· From blood filtrate to urine 

· The porous capillaries and specialized cells of Bowman's capsule are permeable to water and small solutes, but not blood cells or large molecules.

· The filtrate produced in the capsule contains salts, glucose, amino acids, vitamins, nitrogenous wastes, and other small molecules. 

· Concentration of these substances in the initial filtrate are the same as those in blood plasma. 

· Reabsorption in the proximal tubule is critical for the recapture of ions, water, and valuable nutrients from the huge volume of the initial filtrate. 

· NaCl gets reabsorbed. Epithelial cells pump Na+ into interstitial fluid, and this transfer of positive charge out of the tubule drives the passive transport of Cl-. 

· Glucose, amino acids, and K+ ions are reabsorbed through active or passive transportation from the filtrate → interstitial fluid → peritubular capillaries.

· Water gets reabsorbed through passive transport. 

· Processing of filtrate in proximal tubule help remains constant pH in body fluids:

· Cells in transport epithelium secrete H+ and NH3 into the tubule, which then combines to form NH4+ in the tubule. The more acidic the filtrate is, the more ammonia the cells secrete into the tubule. 

· Proximal tubules also reabsorb the buffer HCO3- (bicarbonate) from the filtrate, contributing further to balance pH. 

· Reabsorption of water continues as the filtrate moves into the descending loop of hemle. 

· Numerous water channels formed by aquaporins make the transport epithelium freely permeable to water. 

· The osmolarity of the interstitial fluid of the kidney increases progressively from the outer cortex to the inner medulla. As a result, the kidney osmolarity makes it favorable to water to be reabsorbed. 

· The filtrate reaches the tip of the loop and then returns to the cortex in the ascending loop of Henle. 

· Two specialized regions: a thin segment near the loop tip and a thick segment adjacent to the distal tubule. 

· As filtrate ascends in the thin segment, NaCl diffuses out passively into the interstitial fluid. This helps maintains the osmolarity of the interstitial fluid of the medulla. 

· In the thick segment of the ascending limb, NaCl must be pumped out actively into the epithelium. 

· The distal tubule plays a key role in regulating K+ and NaCl concentration of body fluids and pH regulation. 

· K+ is actively secreted from the epithelium and into the distal tubule. The amount secreted will regulate the K+ concentration in body fluids. 

· Water is passively reabsorbed. 

· NaCl is actively reabsorbed from the filtrate. The amount reabsorbed will regulate NaCl concentration in body fluids. 

· Contributes to pH regulation by actively secreting H+ into the tuubule and actively reabsorbing HCO3-. 

· The collecting duct carries the filtrate through the medulla to the renal pelvis. Final processing of the filtrate by the transport epithelium of the collecting duct forms the urine. 

· Hormonal control determines the extent to which the urine becomes concentrated. 

· When kidneys are conserving water, aquaporin channels in the collecting duct allow H2O molecules to be reabsorbed passively. At the same time, the epithelium remains impermeable to salt and urea. This creates a hyperosomotic urine. In the inner medulla, the duct becomes permeable to urea. Since the urine is hyperosmotic, urea passively gets reabsorbed. 

· When kidneys are producing dilute urine, the kidney actively reabsorbs NaCl without allowing water to follow by osmosis. 

· Solute gradients and water conservation 

· The primary solutes affecting osmolarity are NaCl and urea. 

· The nephron uses countercurrent system to maximize the activities it wants to do. 

· The nephron uses a countercurrent multiplier system in which it expends energy to create concentration gradients. 

· The countercurrent multiplier system makes the medulla very salty which facilitates water reabsorption. 

· Types of urine produced in other animals

· Mammals can produce hyperosmotic urine. 

· Birds can produce hyperosmotic urine, but their main water conservation adaptation is uric acid. 

· Reptiles can only produce isoosmotic or hypoosmotic urine. 

· Freshwater fishes cannot produce hyperosmotic urine.

· Amphibians cannot produce hyperosmotic urine. 
Homeostatic regulation of the kidney
· Hormonal control

· The hypothalamus in the brain controls hormones that regulate osmolarity. 
· Antidiuretic hormone (ADH) or vasopressin helps increase the reabsorption of water in the collecting duct.

· ADH is produced in the posterior pituitary gland. 

· When blood osmolarity rises, the hypothalamus trigger release of ADH from the posterior pituitary. 

· ADH brings about changes that make the epithelium more permeable to water (recruits more aquaporins to the epthelium) and thus able to reabsorb more water. 

· The increase in water reabsorption concentrates urine, reduces urine volume, and lowers blood osmolarity back toward the set point. 

· As the osmolarity of the blood falls, a negative-feedback mechanism reduces the activity of osmoreceptor cells in the hypothalamus, and ADH secretion is reduced. 

· The second regulatory mechanism that helps maintain homeostasis by acting upon the kidney is the renin-angiotensisn-aldosterone system (RAAS). 

· The RAAS system involves the juxtaglomerular apparatus (JGA), a specialized tissue consisting of cells of and around the afferent arteriole, which supplies blood to the glomerulus.

· When blood pressure or volume drops in the afferent arteriole (for instance, as a result of dehydration), the JGA releases the enzyme renin.

· Renin initiates a sequence of steps that cleave a plasma protein secreted from the liver called angiotensinogen ultimately yielding a peptide called angiotensin II.

· Angiotension II stimulates the adrenal glands to release a hormone called aldosterone. Aldosterone causes the nephrons' distal tubules and collecting duct to excrete K+ and reabsorb more Na+ and water, increasing blood volume and pressure.
· Atrial natriuretic peptide (ANP) opposes the RAS.

· The walls of the atria of the heart release ANP in response to an increase in blood volume and blood pressure.

· ANP inhibits the release of renin from the JGA.
