Chapter 26 The Urinary System 2
Function of Urinary System-> Homeostasis of Body Fluids -> pH, Blood Osmolarity, Volume, BP, Producing Hormones, Ionic Composition of Blood 
3 Major Pressures
1. Glomerular Filtration
2. Tubular Reabsorption
3. Tubular Secretion 
5. Glomerular Filtration (diag. 13, 14)
· 1% of blood volume is filtered by renal corpuscle-glomerular filtrate (water and solutes NOT blood cells or large, medium proteins only contents of blood plasma)
· Happens due to composition of filtration membrane (formed by glomerular caps and glomerular capsule)- 3 barriers- endothelial cells, basal lamina, filtration slit formed by podocytes
· Also happens due to filtration pressures- 2 opposing (Capsular hydrostatic pressure, blood colloid osmotic pressure), 1 promoting (Glomerular blood hydrostatic pressure- promotes filtration)
· Net filtration pressure = 10mmHg
· 3 features of the renal corpuscle that increase filtering:
· increased surface area
· thin and porous filtration membrane
· high level of glomerular capillary blood pressure
· Glomerular Filtration Rate (GFR)- amount of filtrate formed by both kidneys/minute: 125ml/min (180L/day); changes with adjustment in blood flow and ultimately blood pressure- dilate afferent arteriole- high GFR, constrict afferent arteriole- low GFR; dilate efferent arteriole- low GFR, constrict efferent arteriole- high GFR; changes with adjustment in surface area; regulated by renal autoregulation, neural regulation, hormonal regulation
GFR
Afferent Arteriole- Vasoconstriction- low blood flow- low GFR
Vasodilation- high blood flow- low GFR 
Efferent Arteriole- Vasoconstriction- low blood flow- high GFR
Vasodilation- high blood flow- low GFR 
Autoregulation of GFR (at level of the kidneys themselves)
Myogenic Mechanism- high BP-> causes walls of afferent arterioles to stretch-> initiates myogenic mechanism- smooth muscle contract-> vasoconstriction of afferent arterioles-> low renal blood flow which returns GFR to normal
Tubuloglomerular Feedback- part of renal tubules- macula dense- provides feedback to the glomerulus- high BP-> high GFR- filtered fluid moves rapidly along the renal tubules and the PCT and the Loop of Henle have less time to reabsorb Na, Cl, H2O-> high levels in the tubules sensed by macula dense cells -> inhibits release of NO from Juxtaglomerular Apparatus-> low NO
-> vasoconstriction of afferent arterioles-> low blood flow-> low GFR (diag. 15) 
Neural Regulation of GFR
Sympathetic Autonomic NS fibre-> Noepinephrine-> alpha-1 receptors in smooth muscle walls of afferent arterioles-> vasoconstriction of afferent arterioles-> low GFR
AT REST: Sympathetic ANS stimulation decrease-> afferent and efferent arterioles are dilated and Renal autoregulation of GFR prevails
WITH EXERCISE: Increased sympathetic ANS stimulation-> vasoconstriction of afferent arterioles (predominates) -> low GFR-> low urine output and allows increased blood flow to other body tissues (i.e. skeletal muscles) 
Hormonal Regulation of GFR
Angiotensin II- potent vasoconstriction- narrows both afferent and efferent arterioles 
Atrial Natriuretic Peptide (ANP)- causes relaxation of glomerular mesangial cells-> increased capillary surface area for filtration-> increased GFR 
6. Tubular Reabsorption and Tubular Secretion (diag. 26)
· Tubular reabsorption returns most of the filtered H2O and solutes to the blood using both active and passive processes
· Tubular Secretion- the transfer of material from the blood and tubule cells into tubular fluid (controls blood pH and eliminates other substances from the body e.g. urea)
· Solute reabsorption drives H2O reabsorption i.e. 90% of filtered H2O reabsorbed occurs together with the reabsorption of solutes such as Na+, Cl- and glucose
Obligatory H2O Reabsorption- water reabsorbed with solutes (follows them)
Facultative Reabsorption- based on body’s needs (dehydration, congestion); occurs in the late distal convoluted tubule and collecting duct and is regulated by ADH 
i) Reabsorption and Secretion in the Proximal Convoluted Tubule (PCT) (diag. 26) 
Reabsorption and Secretion in the Nephron Loop (Loop of Henle) 
· Sets the stage for independent regulation of both the volume and osmolarity of body fluids
· 15% of filtered H2O is reabsorbed in the descending loop (limb); little or no H2O is reabsorbed in the ascending limb
Reabsorption in the Early Distal convoluted Tubule (DCT) 
· Reabsorption of Cl-, Na+, continues, here solutes are reabsorbed with little accompanying H2O; this is also the site where Parthyroid Hormone (PTH) stimulated reabsorption of Ca2+
Reabsorption and Secretion in the Late Distal Convoluted Tubule and Collecting Duct (diag. 26)
7. Hormones Affecting Reabsorption and Secretion
a) Angiotensin II
b) Aldosterone
c) Antidiuretic Hormone (ADH)
d) Atrial Natriuretic Peptide (ANP)
e) Parathyroid Hormone (PTH)

a) Angiotensin II
· Released in response to decreased blood volume and decreased BP
· Causes vasoconstriction of afferent arterioles -> decreased GFR (allows for increased reabsorption of Na+, Cl-, H2O in PCT)-> increased blood volume and BP 
b) Aldosterone
· Released in response to decreased blood volume and decreased BP
· Adrenal cortex-> Aldosterone-> stimulates principal cells in Collecting ducts to reabsorb more Na+, Cl- and secrete more K+-> causes more H2O reabsorption-> increased blood volume and BP 
c) Antidiuretic Hormone (ADH or Vasopressin) (diag. 23) 
· Regulates facultative H2O reabsorption; increases permeability of principal cells in the last part of the DCT and collecting duct (via H2O channel protein aquaporin 2) -> increased H2O reabsorption -> decreased osmolarity of plasma
· Diabetes Insipidus- ADH is absent- urine is very dilute
d) Atrial Natriuretic Peptide
· Released in response to increased blood volume (stretch receptors in atria)
· Inhibits reabsorption of Na+, H2O in PCT
· Suppresses aldosterone and ADH release-> increased excretion of Na+, increased urine output-> decreased blood volume
e) Parathyroid Hormone
· Released in response to decreased Ca2+ in blood-> Parathyroid glands-> PTH-> cells in early DCT reabsorb more Ca2+; inhibits phosphate reabsorption in PCT 
8. Formation of Dilute and Concentrated Urine 
Recall ADH increased H2O reabsorption- 
· When ADH is low-> decreased H2O reabsorbed-> kidneys produce dilute urine (the principal cells of the late DCT and CD are impermeable to H2O 
· When ADH is high-> increased H2O reabsorption-> kidneys produce concentrated urine
9. Urine Storage, Transportation and Elimination
· URINE = FILTRATION + SECRETION – REABSORPTION (stored in bladder) 
Urine Flow:
· Collecting Ducts-> Papillary Ducts-> Minor Calyses-> Major Calyses-> Renal Pelvis-> Ureters (peristalsis, hydrostatic pressure, gravity) -> Urinary Bladder-> Urethra
· Retention vs Urinary Incontinence 
10. Micturition Reflex (urination, voiding, urine expelled from bladder)
· Volume of bladder (>200ml-400ml) -> stretch receptors-> micturition center in sacral spinal cord (S2-S3)-> triggers micturition reflex-> parasympathetic impulses-> contraction of Detrusor muscle and relaxation of Internal Urethral Sphincter; miturition reflex-> inhibit somatic motor neurons that innervate the skeletal muscles in the external urethral sphincter
· Although emptying of the urinary bladder is a reflex- in early childhood we learn to initiate it and stop it involuntarily; also fullness in bladder initiates a conscious desire to urinate before the micturition reflex actually occurs
11. Evaluation of Kidney Function/Urine
a) Urinalysis- analysis of volume, physical and chemical microscopic properties of urine
Normal volume = 1-2L/day
Colour- yellow-amber (food, meds, kidney stones = hematuria)
Turbidity- clear or cloudy (usually clear)
Odour- mild becomes ammonia-like (on standing); fruity in diabetes from ketones
pH- 4.6-8.0 (varies with diet)
Specific gravity = 1.001-1.035; density and is affected by conc. Of solutes 95% H2O, protein free
b) Kidney Function Tests
i) BUN- Blood Urea Nitrogen- measures the blood nitrogen that is part of the urea; results from catabolism and deamination of amino acids; decreased GFR-> increased BUN
ii) Plasma CreatineTest- results from catabolism of creatine phosphate in skeletal muscles; usually level is stable i.e. excretion = production in kidney failure: levels increased as excretion is compromised
iii) Renal Plasma Clearance- measurement of how effective the kidneys are, in removing a given substance from blood plasma
12. Aging and the Urinary System
· >40 kidney function declines
· Incontinence, UTIs are common problems 
· [bookmark: _GoBack]Polyuria, nocturia, dysuria, retention, hematuria, chronic kidney inflammation, renal calculi, prostate disorders
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