ECF – Extracellular fluid is made of interstitial fluid and plasma. Interstitial fluid is found between the cells. Plasma is the liquid component of the blood. 

Internal homeostasis is regulated by:

1) Osmotic regulation

2) Ionic regulation

3) Excretion

Ions that are exchanged between the ECF, the ICF, and the external environment include Na+, K+, Ca2+, and Cl-.

Osmoregulators tightly regulate their body osmolarity regardless of their environment, within a narrow range of osmolarities.

Osmoconformers match their body osmolarity to their environment. 

Require energy.

Summary of avenues for water and ion exchange:
	IN
	STORAGE
	OUT

	WATER
	
	

	Drinking
	Body fluids
	Feces

	Food
	Urine
	Urine

	Metabolic
	
	Evaporation from skin

	Transcutaneous diffusion
	
	Evaporation through respiration

	Water vapour
	
	Transcutaneous diffusion

	IONS
	
	

	Drinking
	Body fluids ions
	Feces

	Food
	Skeleton
	Urine

	Transcutaneous diffusion/active transport
	
	Extrarenal secretion

	
	
	Transcutaneous diffusion


Obligatory vs. Regulated exchanges:

Regulated exchanges: physiologically controlled for the maintenance of homeostasis


Ex: Peeing a liter a day due to drinking too much, active epithelial transport

Obligatory exchanges: occurs as a result of physical factors over which the animal has little or no physiological control


Ex: Peeing the standard obligatory 50mL a day, transepithelial diffusion, ingestion, defecation, metabolic water production

Factors affection obligatory changes:

1) Transepithelial gradients

2) Surface to volume ratio

3) Permeability

4) Feeding

5) Temperature, exercise, convection

6) Metabolism

OSMOREGULATION IN AQUATIC ANIMALS:

Euryhaline vs. Stenohaline:

Euryhaline animals can adapt to a wide range of environmental salinities.

Stenohaline animals can only live in a narrow range of salinities. Freshwater stenohaline animals will die in marine water, and marine water stenohaline animals will die in freshwater. Euryhaline animals can live in both freshwater and marine water.

Hyperosmotic and hyperionic pretty much mean the same thing. Hyperionic means that a solution is more concentrated than another one. Hyperosmotic means that it has a higher osmotic pressure than another solution. Freshwater fish are hyperosmotic and hyperionic to their environment, freshwater.
Hypo-osmotic and hypoionic pretty much mean the same thing. Hypoionic means that a solution is less concentrated than another one. Hypo-osmotic means that the osmotic pressure of a solution is less than that of another one. Marine teleost fish are hypo-osmotic and hypoionic to their environment, seawater. 

Osmotic pressure is the pulling force of a vessel/sac of water across a membrane. This increases when the sac is more ionic, so hyperionic. Therefore if something is hyperionic, it is also hyperosmotic.

There is also iso-osmotic and isoionic.
Marine animals are osmoconformers; they can live in a wide range of salinities. Marine invertebrates are the most common osmoconformers. Artemia is the most extreme. Hagfish on the other hand is iso-osmotic with marine water and is very sensitive to changes in salinity.
Osmoregulators will change their own ionic composition in order to be more or less ionic than the environment. Hypoionic osmoregulators have a lower ionic concentration than their environment.
Teleost fish are hypo-osmotic regulators.

Elasmobranch fish are iso-osmotic regulators.

The first problem to being hypo-osmotic is water loss. A teleost’s strategy will be to drink salt water. This brings in ions though, so they need to eliminate them. Divalent ions are eliminated by feces and the kidney, NaCl is excreted by the gill, and they produce very little urine in order to minimize water loss. Ions can be gained across the body surface, while drinking water and water can be lost by the gills. On the other hand, water can be ingested from the environment, NaCl can be excreted by the gills, and divalent ions can be excreted by urine. NaCl is excreted through the gills be means of chloride cells. They are also found in rectal glands and bird/reptile salt secreting glands. 
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The chloride cell eliminates Na and Cl. First, the Na-K-2Cl cotransporter brings in Na, K, and 2Cl. The Na/K ATPase will use ATP to bring in 2K and take out 3Na that the cotransporter brought in. The abundance of K will drive K out of the cell through the K channel. Cl will leave on its own into the water through Cl channel. Eventually the cell’s membrane will be negatively charged so Na will move according this potential and be pushed out of the fish and into the water through paracellular channels. 
Cl channels on the apical membrane, K channels are basolateral, Na leaves through paracellular channels due to the transepithelial membrane potential.

Elasmobranchs (sharks) will over come being hypoionic by making themselves iso-osmotic or ever hyperosmotic to their marine environment. The teleosts just secreted the extra ions. Elasmobranchs make maintain osmolarity equal to or higher than that of their seawater by keeping high concentrations of organic nitrogenous compounds like urea and TMAO. They also excrete NaCl by the rectal gland.
Freshwater animals are hyperionic and hyperosmotic. They lose ions and gain water. 

The first strategy is used by freshwater teleost fish (and amphibians). It is called the osmorespiratory compromise. They need to maximize gas transfer (respiratory), yet minimize obligatory exchanges (osmo, minimize ion loss and water gain). So, they reduce the gill’s surface area as much as possible. For example, the goldfish have completely remodeled their gills. When oxygen is abundant, an intra-lamellar cell mass is formed between every lamellae, so the lamella are covered and minimal amounts of ions are lost/water is absorbed across the lamella. During hypoxic conditions, the ILCM die down and the lamella are uncovered in order to absorb as much oxygen as possible. 

To maintain water balance, teleost fish will also avoid drinking and excrete large amounts of very dilute urine. There is also active NaCl uptake by the gill. 

They uptake NaCl through their gills by means of MR cells (mitochondria rich cells). MR cells are also found in amphibian skin and renal tube. MR cells include base-secreting cells for Cl uptake and acid secreting cells for Na uptake. The acid secreting cells have Na/H exchangers that will bring in Na in exchange for excreting H. The base-secreting cells will bring in Cl using a Cl/HCO3 exchanger, and there also Ca channels on the apical membrane as well that bring in Ca. These cells are separated by pavement cells, and are distinguished based on how they bind the ligand PNA. Acid secreting cells are PNA-, base secreting cells are PNA+. 
Another take on the osmorespiratory compromise is how the rainbow trout will increase MR cells on it’s gills. The impact this has on gas transfer is that…???
The second freshwater strategy is found in invertebrates. They very among species but are mostly regulated by urine. The freshwater crayfish for example, has low permeability so it keeps its urine low, it doesn’t need to get rid of excess water because it doesn’t absorb any. It absorbs ions (NaCl) actively using its gills. Freshwater clams are very permeable due to their large surface area of soft tissues, so they produce high volumes of urine. They don’t need high internal solute concentrations to live so they don’t actively absorb any from the environment. 
