Chapter 51

* Osmotic Regulation and
the Urinary System




*Animals have a wide
variety of excretory
organs. Though they all
serve the same basic
purpose of maintaining
osmotic balance, they
have significant structural
differences. Compare
and contrast nephridia
and the kidneys.



nephridium's thin loop
reabsorbs some solutes,
relinquishes them to blood

bladderlike storage
region of nephridium

funnel (colemic:
fluid with waste
enters here)

external pore (fivld contain

wastes discharged here) blood vessels




Homeostasis: regulation of internal environment

* Thermoregulation internal

temperature

* Osmoregulation solute
and water balance
* Excretion nitrogen

containing waste




Water balance and waste disposal
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Osmoregulators

* Osmoconformer: no active adjustment of internal osmolarity (marine

animals); isoosmotic to environment

* Osmoregulator: adjust internal osmolarity (freshwater, marine, terrestrial)

* Freshwater fishes gains water, loses; excretes large amounts of urine salt
vs. marine fishes loses water, gains salt; drinks large amount of saltwater

Gain of water and salt
ions from food

and by drinking
seawater

Osmotic water loss
through gills and other
parts of body surface

Excretion of salt ions
Excretion of and small amounts
salt ions of water in scanty
from gills urine from kidneys

(a) Osmoregulation in a saltwater fish
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Osmotic water gain
through gills and other parts
of body surface
Uptake of
water and some
ions in food

Uptake of Excretion of

salt ions large amounts of

by gills water in dilute
urine from
kidneys

(b) Osmoregulation in a freshwater fish
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Excretory Systems

* Production of urine by 3 steps:
* Filtration
* Reabsorption
* Secretion

Protonephridia ~ flatworms (“flame-bulb” systems)

Metanephridia ~ annelids (ciliated funnel system)

Malpighian tubules ~ insects (tubes in digestive tract)

Kidneys ~ vertebrates

Malpighian tubules
o T |
cop © o e [ 7 ¥
4 N3 ) Lo O é _QN
ci il ) TP ] Rectum
i £ T estine  Hindgut

e | ~ '
membrane where || | c“P‘"a"V v Midgut

colln intordigitate | network (stomach)

‘ ) Bladder
¢ ; Anus
] :
—=——Collecting
| tubule
g " — g
. Flame
> \ ,}y }““, J - -~
\ i‘ﬁﬁ N
* S I Reabsorption of H,0, ions, and
Nephridiopore Nephrostome Nephridiopore © Midgut . valuable organic molecules
n body wall g OF Inc. publishing as Benjarin Cummings. Copyagt € Paareon GASasn KC pAssarng s Gar g Canrwge

Capungv © Pusrsos Bbmubmt 4 ey o Senpen Oeverewgs



Kidney Functional Units

Renal artery/vein: kidney blood flow

Ureter: urine excretory duct

Urinary bladder: urine storage

Urethra: urine elimination tube

Renal cortex (outer region)

Renal medulla (inner region)

Nephron: functional unit of kidney

Cortical nephrons (cortex; 80%)

Juxtamedullary nephrons (medulla;
20%)

Urénary Sysrem




Nephron Structure

» Afferent arteriole: supplies blood to nephron
from renal artery

Proximal

convoluted Distal
tubule Bowman's convoluted
capsule tubule

* Glomerulus: ball of capillaries

Glomerulus

e Efferent arteriole: blood from

* Bowman’s capsule:
glomerulus

* Proximal tubule:
reabsorption

Medulla

* Peritubular capillaries:
efferent arteriole;
tubules

Loop of Henle

Collecting
tubule

* Loop of Henle: water & salt balance

 Distal tubule: secretion & reabsorption

to ureter 1

 Collecting duct:
renal pelvis



In and Out in the Kidney

* Active AND passive
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Kidney regulation: hormones

* Antidiuretic hormone (ADH) ~ secretion
increases permeability of distal tubules and
collecting ducts to water (H20 back to
body); inhibited by alcohol and coffee

 Juxtaglomerular apparatus (JGA) ~ reduced
salt intake--->enzyme renin initiates
conversion of angiotension (plasma protein)
to angiotension Il (peptide); increase blood
pressure and blood volume by constricting
capillaries

* Angiotension Il also stimulates adrenal
glands to secrete aldosterone; acts on distal
tubules to reabsorb more sodium, thereby
increasing blood pressure (renin-
angiotension-aldosterone system; RAAS)

* Atrial natriuretic factor (ANF) ~ walls of
atria; inhibits release of renin, salt
reabsorption, and aldosterone release

—_—
Osmoreceptors Thiret

in hypothalamus

Hypothalamus Drinking reduces
blood osmolarity
Increased ‘7 to set point
permeablllty
Pituitary— l7
gland H,0 reabsorption
helps prevent
L further
dehydration

Collectmg duct

Stimulus: Blood —'ngh
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HOMEOSTASIS: <&
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due to dehydration or OSMOLARITY
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(b)
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