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Distinguish between



Elimination



Excretion




Solute



Solvent


Functions



A Water-Solute Balancing System)


1.
Regulate volume of body fluids




 Affects BP : Renin



2.
Regulate solute composition and concentration



3.
Remove metabolic waste products from blood



4.
Excrete metabolic waste in urine



5.
Mfg. Erythropoietin




 erythrocyte synthesis



6.
Syn. Calcitriol




 vitamin D


Shifts in extracellular fluid


The volume and composition of extracellular fluid (interstitial fluid and blood) must be maintained within tolerable ranges (Homeostasis).



Water Gains




Absorption from Gut




Metabolism



Water Losses




Urinary excretion




Evaporation from lungs and skin




Sweating




Elimination (in feces)



Solute Gains




Absorption from Gut




Secretion from cells




Respiration




Metabolism



Solute Losses




Urinary excretion




Respiration




Sweating


Gross Anatomy



Kidneys (2)



Ureters (2)



Urinary Bladder



Urethra


Kidneys



Size



Retroperitoneal


Blood Supply to Kidneys


Internal Anatomy of Kidney



Capsule



Cortex



Medulla



Renal pyramids



Renal columns



Renal pelvis



Calyx (calyces)


The Nephron



 The functional unit of the Kidney



 1 million per Kidney



Can survive well with only 1 Kidney



Functions




1.
Filtration





 Filters blood





 Forms filtrate




2.
Reabsorption





 Some solutes





 Most of H2O




3.
Secretion





 Metabolic waste products from blood





–> interstitial fluid –> tubule wall : these





    cells secrete waste products into lumen



Two parts




1.  Renal corpuscle





Glomerulus





Bowman’s Capsule





Afferent arteriole –> capillary –> efferent









     “Knot”         arteriole




2.  Renal tubule





3 sections






Proximal Convoluted Tubule   PCT






Loop of Henle






Distal Convoluted Tubule   DCT


Two types of nephrons


80%
1.  Cortical nephrons




Distal Convoluted Tubule –> collecting duct










–> renal pelvis



2.  Juxtamedullary nephron




Distal Convoluted Tubule




(many)





–> single collecting duct 






–> through pyramids







–> calyces –> renal pelvis


Circulation :



Efferent Arteriole




–> branches –> form Peritubular Capillaries








around tubules



In Juxtamedullary nephron




Vasa Recta





 capillaries from efferent arteriole 





   extend around loop of Henle



Capillaries –> venules – veins –> renal vein









    –> inferior vena cava


Juxtaglomerular Apparatus



 near juxtamedullary nephron

 @ intersection of Thick Ascending Limb (TAL)    and afferent arteriole and efferent arteriole



 juxtaglomerular cells : wall of afferent arteriole




Baroreceptors




Secrete renin




Erythropoietin (EPO)



 macula densa : wall of distal convoluted tubule




Chemo and osmo receptors




Monitor composition of tubule fluid




Sends “signal” to juxtaglomerular cells


Urine formation : involves 3 processes



Filtration



Absorption



Secretion


Filtration



BP - driving force



Filtrate


Glomerular Filtration Rate (GFR)



GFR = vol. of filtrate        by both kidneys




         min



 Most (99%) of filtrate is reabsorbed


Regulation of GFR



Not too fast . . .  Not too slow



 constant GFR



1.  Glomerular Pressure



2.  Nervous System and Hormonal Secretions



3.  Auto regulation




 myogenic response





If systemic pressure ( , afferent arteriole











constricts





If systemic pressure (, afferent arteriole











dilates





( glomerular pressure constant




tubuloglomerular feedback




 Renin - angiotensin - aldosterone


Measurement of GFR   :   by



determining




Clearance = rate @ which a volume of plasma






     is cleared of a particular  






     substance







(This accounts for the rate at which 






  The substance appears in the urine.)



Collect urine over time




[ ] ( = concentration of substance in the urine





   mg / ml




U f = rate of urine formation   





  ml / min




[ ] p = concentration of substance in plasma





  mg / ml


 [ ] (  ( U f    = Clearance (ml/min)


       [ ] p  



   

This many ml of plasma had to be cleared of this substance every minute to account for the appearance of that much substance in the urine.



Example :



Inulin = small non-metabolized sugar




  = freely filtered @ glomerulus





 not reabsorbed





 not secreted



Fluid clearance value :




Remember clearance value = GFR




(Because only way it can get into the urine    is by being filtered)




Infuse inulin into blood
(maintain constant






 concentration in plasma)



[ ] ( = 35 mg / ml 
urine inulin concentration



U f = 0.9 ml / min 
rate of urine formation



[ ] p = 0.25 mg / ml 
concentration of inulin in plasma



0.9 ml  ( 35 mg

         min           ml              = 126 ml  ( 181 L



0.25 mg


 min
         day     (24 hours)

     ml


Reabsorption


Tubular Secretion


Hormone Induced Permeability



Antidiuretic Hormone   ADH



Aldosterone



Atrial Natriuretic Peptide ANP


Urine


Excretion of urine



Ureter



Bladder



Urethra



Micturition - urination


Pathophysiology of Urinary System



glomerulonephritis



Adult polycystic kidney disease



Cystitis



Pyelitis



Pyelonephritis

         Other Means of Excretion

Fun Facts About Urine

