Chapter 44

I.  Overview of Homeostasis

A.  Terms

1.  homeostasis-steady state

2.  thermoregulation-maintenance of internal body temp

3.  osmoregulation-maintenance of solute balance; loss/gain of water

4.  excretion-elim of nitrogen containing waste prod of metab

B.  Regulating and Conforming

1.  regulator-reg internal environ regardless of changes in external environ

2.  conformers-allow conditions in their bodies to vary w/external changes; gen live in stable environ

3.  some org may be conformers in one situation and reg in another

4.  reg req energy; cost of reg may outweigh benefits of homeostasis

C.  Homeostasis Balances Gains vs Loss

1.  rates of gain and loss must match closely over time; otherwise, imbalances may result

a.  input may exceed output during growth or reprod

II.  Reg of Body Temp

A.  Body Changes

1.  Q10 effect-a rxn inc by Q10 multiple for every 10C inc in body temp; if rate of rxn in 2.5 times for inc of 10C, Q10=2.5

2.  properties on mem change w/temp; may effect muscle contraction, ventilation

B.  Physical Processes of Heat Gain/Loss 

1.  conduction-direct transfer of heat btwn molecules in direct contact w/each other; sitting on a warm rock, standing in cold water

2.  convection-transfer of heat by movement of air or liquid past a surface; cool breeze

3.  radiation-emission of electromagnetic waves by objects warmer than absolute zero; absorbing heat radiating from sun

4.  evaporation-removal of heat from surface of a liquid that is losing some of it’s molecules as gas; air can’t be saturated w/water

5  heat conducted from high to low temp

6.  water more effective than air at conducting heat

C.  Ectotherms/Endotherms

1.  ectotherm-body temp det by external environ; invert, fish, amphibians, reptiles

2.  endotherms-metab for body temp; mammals, birds, some insects

3.  ecto/endotherms not distinguished by stable temps

4.  not all ectotherms have low body temp

5.  adv of endothermy

a.  high metab allows prolonged vigorous activity

b.  can maintain stable internal environ even w/fluctuating external environ changes

6.  disadv of endothermy

a.  energetically expensive so must consume more food; prob if supplies limited

D.  Thermoregulation

1.  adjusting rate of heat exchange btwn animal and surroundings

a.  vasodilation-inc diam of bv; allows heat to escape

b.  vasoconstriction-dec diam of bv-prevents heat loss

c.  countercurrent heat exchanger-prevents heat loss to extremities; warm arterial blood exchanges w/ cool venous blood returning from extremity

2.  cooling by evaporative heat loss-water lost during breathing and across skin; water absorbs heat during evap; panting by mammals and birds

3.  behavioral responses-changes in movement, posture; basking in sun, finding shade

4.  changing rate of metab heat prod-endotherms only; mammals and birds

E.  Endothermy

1.  mammals and birds

a.  high metab rate maintains endothermy; can vary heat prod

b.  shivering or movement-muscle contractions prod heat

c.  hormones-some hormones can cause mitochondria to inc metab activity; prod heat instead of ATP; nonshivering thermogenesis (NST)

d.  brown fat-in neck and btwn shoulders prod heat

e.  insulation (hair, feathers, fat)

1)  raising fur or feathers traps air

2)  fat-insulation; humans

3)  goosebumps-vestige of hair raising; humans

f.  vasodilation/constriction

g.  blubber-marine mammals

h.  countercurrent heat exchange-flippers of marine mammals

i.  evaporation-sweating or panting

2.  amphibians and reptiles

a.  amphibians lose heat by evaporation

b.  behavioral characteristics-shade or basking in sun

c.  evaporation-secrete mucus

d.  some reptiles use vasoconstriction

e.  some reptiles become endothermic-shivering to inc temp for body and eggs

3.  fishes-most conformers

a.  countercurrent heat exchange-large, powerful swimmers

b.  some fish have heat gen organs which may be derived from eye muscle to warm eyes or brain

4.  invertebrates

a.  aquatic-conformers

b.  some insects-endothermic

1)  flight muscle gen heat

2)  shivering-for flight or warm eggs

3)  chem. rxn inc (Q10 effect)

4)  some like bumble and honeybees have countercurrent heat exchange

5)   honeybees-huddle 

6)  honeybees may fan wings or transport water for cooling hive

   

5.  feedback mech

a.  hypothalamus-thermostat-;respond to change in internal or external environ

6.  adjustment to changing temp

a.  acclimation-physiological adjustment to new environ temp

1)  birds and mammals

a)  adjust amount of insulation; growing and shedding fur coat

b)  vary metab activity

c)  stress-induced proteins like heat-shock proteins; cells “shocked” by drastic temp change prevent denaturation of cells and cell death

2)  ectotherms

a)  environ change may cause body temp change; catfish acclimate to cold water, cannot tolerate cold and vice versa

b)  cells may inc prod of enzymes or prod variants of enzymes functional at diff temp

c)  mem may change proportion of (un)sat fatty acids to keep mem fluid

d)  ”antifreeze” cmpds (cryoprotectants)-prevent ice formation in cells

F.  Topor-triggered by seasonal changes in length of day

1.  topor-physiological state where activity is low and metab dec; if certain seasons of yr or times of day are too hot or cold or food may be unavailable

a.  hibernation-long term winter topor; adaptation to cold and food scarcity

1)  body temp dec, metab rate dec

2)  bears-eat large amounts of food for storage; used during hibernation

3)  some squirrels store large amounts of food

b.  estivation-summer topor; adaptation to high temp and water scarcity

c.  daily topor-small mammals and birds; 

1)  bats feed at night and go into topor during day

2)  hummingbirds feed during day and go into topor at night

3)  features

a)  all relatively small

b)  adapted to feeding pattern

c)  controlled by biological clock; even if food is available all day, the org may still go into topor

d)  humans-drop in body temp and need to sleep may be evolutionary remnant of more pronounced daily topor

III.  Water Balance and Disposal

A.  Transport Epithelia

1.  function of osmoreg-maintain composition of cytoplasm of body cells

2.  transport epith-layer(s) of specialized epith cells that reg solute movement

a.  can move substances in particular directions

b.  joined by tight junctions-provide barrier

c.  usually arranged into tubular networks w/extensive surface areas

d.  molecular structure det kinds and direction of solute movement

B.  Nitrogenous Wastes

1.  most wastes must be dissolved in water when removed by body

2.  nitrogenous wastes-breakdown prod of proteins and nucleic acids

3.  form ammonia-can be toxic; may be converted dep on org, but req energy

4.  kinds of nitrogenous wastes excreted dep on org evol history and habitat (availability of water)

5.  amount of waste depends on how much and what kind of food eaten

a.  endotherms eat more food-more nitrogenous waste than ectotherms

b.  predators-food from proteins-excrete more nitrogenous wastes than those that have high lipid or carb diets

6.  types

a.  ammonia-soluble but toxic; lots of water needed

1)  common in aquatic org

2)  pass thru mem and lost by diffusion into water

3)  may occur across whole body surface, gills, or kidneys

4)  freshwater fish-gills take up Na from water in exchange  for ammonia to keep Na higher in body

5)  terrestrial org cant handle water loss assoc w/dilute ammonia

b.  urea-less toxic than ammonia

1)  mammals, most adult amphibians, many marine fish

2)  prod in liver by cycle which combines ammonia w/CO2

3) excreted by kidneys

4)  since low toxicity, can transport higher conc; red amount of water lost

5)  must spend energy to prod

6)some org alt btwn water (ammonia), land (urea)

C.  Cells Req Water Balance

1.  rates up uptake and loss must balance

2.  osmosis-movement of water across selectively permeable mem; higher to lower conc

3.  osmolarity-total solute conc

a.  isoosmotic-2 soln sep by selectively permeable mem have same osmolarity

b.  hyperosmotic-1 soln has greater osmolarity

c.  hypoosmotic-1 soln has less osmolarity

D.  Osmoregulators/Osmoconformers

1.  osmoconformer-internal osmolarity same as environ; 

a.  no net gain/loss of water; 

b.  marine org

c.  tend to live in water w/stable osmolarity

2.  osmoreg-control internal osmolarity

a.  must discharge excess water if inhabits hyposmotic environ

b.  must take in water if inhabits hyperosmicit environ

c.  energetic cost for osmoreg; active transport; depends on

1)  how diff the org osmolarity from environ

2)  how easily water and solutes can move across animal surface

3)  how much mem-transport work req to pump solutes

4)  stenohaline-cannot tolerate major changes in external osmolarity

5)euryhaline-can survive fluctuations; can be osmoconformers or osmoreg; salmon

3.  maintaining water balance in the sea-hyperosmotic

a.  most marine invertebrates-osmoconformers; hagfish

1)  though osmolarity may be same, can still reg specific solutes, so conforms to osmolarity of environ, reg internal composition

b.  marine vertebrates-osmoreg

1)  Osteichthyes lose water thru skin and gills so must constantly drink water; salt also enters; excess salt removed by gills; little urine prod; conserves water

2) Condrichthyes-salt tends to enter body and gills; removed by kidneys and rectal gland or lost in feces; doesn’t lose much water; maintain high conc of urea in body fluids and (TMAO) protects proteins from damage by urea; shark slightly hyperosmotic to seawater; water slowly enters shark and removed by kidneys

3) Marine birds-drink seawater; osmoreg using nasal gland which secrete excess salt; net water gain

4.  maintaining water balance in fresh water

a.  gain water and lose salts b/c environ hyperosmotic

b.  protists (Paramecium)-vacuoles pump excess water

c.  fishes-excrete dilute urine; regain salts through food and active transport from surroundings

d.  fish that alt btwn salt/freshwater (salmon), alt methods of gain/loss accordingly

5.  special prob of living in temp waters

a.  anhydrobiosis-dormant state by some aquatic invert which lose all their body water; tadigrades (water bears); rehydrating allows functioning

b.  some anhydrobiotic roundworms and insects have large amounts of sugars (trehalose) which replace water assoc w/mem and proteins; prevents dessication

6.  maintaining osmotic balance on land

a.  water lost thru feces, urine, breathing, and across skin; prevent b/c

1)  waxy cuticle of insects, shells of snails, keratinized skin of vert prevent dessication

2)  nocturnal org-going out at night reduced evaporative water loss b/c temp lower and higher humidity

3)  eating and drinking moist foods

4)  using metabolic water (water prod by mitochondria in cellular respir)

IV.  Excretory Systems

A.  Urine Prod

1.  body fluid collected usually by filtration thru selectively permeable mem; retain larger molecules; fluid pushed into excretory sys-filtrate

a.  fluid collection nonselective, so essential small molecules must be returned to body from filtrate

2.  body fluid adjusted by selective reabsorbtion or secretion

a.  may use active transport to reabsorb essential molecules (glucose, aa)

3.  nonessential solutes and wastes removed from body

B.  Variations on Excretory Systems

1.  protonephrida-flatworms, rotifers, larvae of mollusks

a.  network of dead end tubules w/no internal openings

b.  tubules branch throughout body

c.  small branches capped by a flame bulb

1)  has cilia which draws water and solutes from interstitial fluid into tubule sys

2)  urine moved thru tubules and empty to external environ thru nephridiopores

d.  urine is dilute in freshwater flatworms; tubules reabsorb most solutes from urine

e.  in freshwater flatworms, this sys mainly for osmoreg; most metab waste diffuse across body or excreted from gastrovascular cavity and mouth

f.  some parasitic flatworms (isoosmotic to environ), protonephridia remove nitrogenous wastes

2.  metanephridia-earthworms (and other annelids)

a.  each segment has a pair of metanephridia

b.  internal opening in netanephridia surrounded by a nephrostome (ciliated funnel) which collects fluid from the anterior adjacent coelem

c.  urine moves along tubule and most solutes reabsorbed and returned to blood

d.  nitrogenous wastes remain and are excreted thru nephridiopore

e.  inhabit damp soil so usually net uptake of water; metanephridia prod dilute urine to balance

3.  malpigian tubules-insects

a.  open into digestive tract and dead end in hemolmph

b.  epithelium secretes some solutes (nitrogenous wastes) from hemolymph into tubule

c.  water also enters and fluid passes to rectum

d.  most solutes pumped back into hemolymph and water follows

e.  nitrogenous wastes (uric acid) elim as dry material along w/feces; conserves water

4.  vert kidneys

a.  hagfish-osmoconform; kidneys have segmental arranged tubules

b.  vert ancestors excretory structures porb segmented

c.  vert kidneys usually compact, nonsegmented w/organized tubules

d.  cap assoc w/tubules

C.  Nephron-functional unit of kidney

1.  basic structures

a.  mammals have a pair of kidneys; blood supplied by renal artery and vein

b.  urine exits kidney thru duct-ureter

c.  ureters drain to urinary bladder-storage; sphincters control urination

d.  urethra-carries urine from urinary bladder to external environ

e.  kidney has outer cortex; inner medulla

2.  filtration

a.  bp forces blood from glomerulus to bowman’s capsule; 

1)  cap permeable to small solutes 

2)  nonselective 

3)  filtrate in capsule inc salts, glucose, urea, etc

b.  pathway of filtrate-glomerulus, Bowman’s capsule, proximal convoluted tubule, descending loop of Henle, ascending loop of Henle, distal convoluted tubule, collecting duct, renal pelvis, ureter

c.  types of nephrons

1)  cortical-80%; red loops of Henle; confined to cortex

2)  juxtameddullary-20%; well dev loops that extend to medulla

a)  only mammals and birds

b)  allows mammals to prod urine that is hyperosmotic to body fluids; needed for water conservation

c)  other verts lack loops of Henle

d)  nephron and collecting duct have transport epith for reabsorbtion and secretion

d.  blood vessels

1)  afferent arteriole-branch of renal artery that subdivides in to cap of glomerulus

2)  efferent arteriole-leave glomerulus

3)  peritubular capillaries-subdivision of efferent which surrounds proximal and distal tubules

4)  vasa recta-serves loop of Henle; has ascending and descending vessel

5)  substances of tubules and cap don’t exchange materials directly; substances diffuse  in interstitial spaces

3.  how filtrate becomes urine (mammals)

a.  proximal tubule

1)  secrete-enters tubule

a)  H ions to maintain pH

b)  ammonia-neutralized acid

c)  drugs processed in liver pass from peritubular cap-interstitial fluid-tubule

2)  reabsorb-re-enters capillaries

a)  bicarbonate-neutralize acid

b)  nutrients-glucose, aa, K

3)  most important-reabsorbtion of NaCl (Na-active; Cl-passive) followed by water

b.  descending loop of Henle

1)  water reabsorbtion continues; not permeable to salt

2)  interstitial fluid must be hyperosmotic for water reabsorbtion

3)  osmolarity of interstitial fluid becomes greater from cortex to medulla

4)  solute conc of filtrate (in loop) inc

c.  ascending loop of Henle

1)  permeable to salt but not water

2)  thin segment-NaCl diffuses passively; adds to osmolarity of interstitial fluid of medulla

3)  thick segment-NaCl actively transported

4)  filtrate becomes more dilute from NaCl removal

d.  distal tubule

1)  bicarbonate, water, NaCl reablsorbed

2)  K, H secreted

e.  collecting duct-leads to remnal pelvis

1)  actively reabsorbs NaCl in outer medulla

2)  inner medulla-reabsorbs water and urea; filtrate becomes more concentrated

3)  urea contributes to osmolarity in interstitial spaces

D.  Water Conservation

1.  arrangement of loops and collecting ducts help maintain osmotic gradient necessary to conserve water

2.  energy spent in active transport of substances against gradients

3.  solute gradients

a.  filtrate from Bowman’s capsule to prox tubule has somewhat low osmolarity

b.  in prox tubule, water and salt reabsorbed; vol of filtrate dec but osmolarity same

 

c.  water leaves from descending loop of henle; osmolarity inc

d.  highest osmolarity at elbow of loop

e.  ascending loop loses salt buy not water; less concentrated

f.  vasa recta

1)  descending vessel loses water and NaCl diffuses in

2)  ascending vessel gains water and NaCl diffuses out; doesn’t interfere w/osmolarity gradient

g.  active transport needed to preserve osmotic gradient; thick seg of loop of Henle has active transport of NaCl out of tubule

h.  at distal tubule-filtrate hypoosmotic to body fluids b/c of NaCl removal

i.  collecting duct-permeable to water; filtrate becomes more conc

j.   some urea leaks out of collecting duct; contributes to osmolarity of inner medulla

k.  high osmolarity of urine allows conservation of water

4.  nervous sys and hormone reg of kidney functions

a.  mammalian kidney can adjust vol and osmolarity of urine

b.  ADH-antidiuretic hormone

1)  prod by hypothalamus; stored and released in posterior pituitary

2)  osmoreceptors in hypothalamus monitor osmolarity of blood

3)  if osmolarity high, ADH released and targets distal tubules and collecting ducts

4)  inc permeability to water; water reabsorbtion; dec urine output

5)  once osmolarity back to normal; ADH inhibited; neg feedback

6)  if osmolarity dec; little ADH prod; inc urine output

7)  alcohol inhibits ADH; excess urine output; causes dehydration

c.  renin-angiotensin-aldosterone sys (RAAS)

1)  when bp or blood vol drop in afferent arteriole, renin (released from juxtaglomerular apparatus (JGA)-near glomerulus/afferent areteriole) initiates chem rxn to convert angiotensinogen to angiotensin II

2)  angiotensin II inc bp and blood vol

a)  constricts arterioles

b)  stim proximal tubules to reabsorb more NaCl and water; less salt and water excreted in urine, raises blood vol and pressure

c)  stim release of aldosterone from adrenals-acts on distal tubules to reabsorb Na and water; inc bp

3)  rise in bp and vol reduce renin release

4)  diff btwn ADH and RAAS

a)  ADH released in response to inc osmolarity of blood; dehydration

b)  RAAS release in response to loss of salt and fluids; diarrhea, large wound; blood vol dec but osmolarity same

d.  atrial natriuretic factor (ANF)-release by atria of heart

1)  released I response to inc blood vol and pressure

2)  inhibits release of renin

3)  inhibits NaCl reabsorbtion by collecting ducts

4)  reduces aldosterone release

5)functions to lower blood vol and pressure

e.  South American vampire bat

1)  consume as much blood as possible b/c it travels long distances to find food

2)  eats so much after feeding, may be too heavy to fly

3)  kidneys release water by excreting dilutte urine as it feeds

4)  while roosting, since food is mainly protein, urea prod; no access to water

5)  kidneys prod conc urien to dispose of urea; conserves water

E.  Vertebrate Kidney Adaptations

1.  mammals that excrete the most hyperosmotic urine have long loops of Henle; desert mammals

a)  long loops maintain steep osmotic gradients allowing urine to become conc

2.  freshwater vert have short loops; beavers

a.  no probs of dehydration; lower ability to conc urine

3.  birds have shorter loops than mammals; don’t conc urine as much;

a.  main conservation is prod of uric acid

4.  reptiles have only cortical nephrons; urine isoosmotic

a.  cloaca epith helps conserve fluid by reabsorbing some fluid in urine and feces

b.  excrete uric acid

5.  freshwater fish excrete excess water; prod dilute urine and reabsorb salts from filtrate

6.  freshwater amphibian kidneys excrete drlute urine and reabsorbs salts

7.  on land amphibians reabsorb water

8.  seawater bony fish; many lack glomeruli and Bowman’s capsules; prod little urine and remove Na

F.  Homeostasis

1.  removal of nitrogenous wastes go hand in hand w/osmoreg

2.  reg of body temp affects metab rate, gas exchange, etc

3.  demands of one sys may conflict w/another

a.  in hot dry environ, water conservation more important than evaporative heat loss

4.  liver involved also

a.  takes up glucose from blood

b.  stores excess glucose as glycogen

c.  synthesizes plasma proteins

d. detoxifies poisons and prepare metab waste for disposal

