Anatomy & Physiology II

Chapter 25 The Urinary System

2. The urinary system

Fig. 25.1
3. Kidneys

· Filter blood >35x/day (once every 30-45 min.)

· Total of ~180 liters filtered/day (120ml/min.)

· Each kidney contains ~1x106 filtering units called nephrons

· Only produce 1-2 liters of urine = <1%

· > 99% reabsorbed and returned to blood

4. Renal blood flow

Fig. 25.3
5. The nephron
Fig. 25.4
6. Nephrons

Fig. 25.5
7. Urine formation
Fig. 25.8
· Urine = filtration – reabsorption + secretion

8. Glomeruli 

Fig. 25.5
9. Glomerular filtration
Fig. 25.7
10. Glomerular filtration
Fig. 25.7
· Filtration membrane excludes cells and most proteins

· Based on size and charge

11. Glomerular filtration rate (GFR)

· Determined by:

· Surface area for filtration

· Filtration membrane permeability

· Filtration pressure

12. Filtration pressure

· Controlled by:

· Hydrostatic pressure (blood pressure)

· HPg: within glomerular capillary

· HPc: within capsule

· Osmotic pressure (due to dissolved molecules)

· OPg: within glomerular capillary

· OPc: within capsule

· GFR ≈ (HPg – HPc) – (OPg – OPc)

· GFR ≈ (55mm Hg – 15mm Hg) – (30mm Hg – 0)

· GFR ≈ 10mm Hg

13. Filtration pressure

Fig. 25.9
14. Regulation of GFR

· Primarily intrinsic control: autoregulation

· Kidney actively regulates the blood pressure and blood flow that it receives

15.  1. Myogenic mechanism: 

· Goal is to maintain a constant GFR

· Smooth muscle surrounding afferent arterioles respond to stretch

· If arterial BP increases: muscle constricts

· If arterial BP decreases: muscle relaxes

· A safety mechanism to protect the fragile glomeruli from high pressure?

16. Filtration pressure

Fig. 25.9
17.  2. Tubuloglomerular feedback

Fig. 25.6
18.  Macula densa

· Cells detect flow rate and osmolarity of filtrate in the nephron

· If flow rate and/or osmolarity are too high MD cells release paracrine hormones to cause:

· Afferent arterioles constrict

· Juxtaglomerular cells reduce secretion of renin

· If flow rate and/or osmolarity are too low MD cells release paracrine hormones to cause:

· Afferent arterioles relax

· Juxtaglomerular cells increase secretion of renin

19.  Regulation of renin secretion

· Release by juxtaglomerular cells in response to:

· Decreased stretch of JG cells due to low BP or low blood volume

· Stimulation by macula densa when flow rate or osmolarity are low

· Stimulation by sympathetic nervous system

20.  3. Renin/angiotensin system

21. Angiotensin II

· Increases aldosterone secretion

· Increase in Na+ and water reabsorption

· Increases vasoconstriction systemically and in the kidney specifically affecting: 

· The efferent arteriole:  increases glomerular capillary pressure leading to an increase in GFR

· The mesangial cells:  reducing the surface area for filtration leading to a decrease in GFR

22. Angiotensin II

· Increases ADH secretion and thirst

· Increase water retention and water intake

· Other paracrine factors

· Prostaglandins: vasodilators

· NO: vasodilator

· Adenosine: vasoconstrictor

23. Tubuloglomerular feedback
Fig. 25.10
24. Tubular reabsorption
Fig. 25.4
· Goal is to recover useful molecules and most of the water

· >50% of all reabsorption is accomplished by the proximal tubules

25. Reabsorption pathways

Fig. 25.11
26. Reabsorption by proximal tubule

Fig. 25.12
27. Reabsorption by proximal tubule

Fig. 25.12
· Most reabsorption is driven by the Na+/K+ ATPase 

· PCT expends over ½ of all  ATP on this 

· Na+ gradient drives the diffusion of water and anions like Cl-

· Secondary active transporters reabsorb glucose, amino acids and bicarbonate ion

28. Reabsorption by proximal tubule

· By the end of the PT the following have been reabsorbed:

· 65-70% of Na+ and water

· 50% of Cl- and K+ 
· 90% of HCO3-

· 100% of glucose, amino acids, other useful organic molecules

· 50% of urea via solvent drag

29. Reabsorption by loop of Henle

· Descending

· Very water permeable/solute impermeable

· Ascending

· Very water impermeable/solute permeable

· Na+/K+/2Cl- cotransporter in apical membrane reabsorbs another 20-25% of water and Na+

· Several other cations (Mg++)diffuse out down the electrochemical gradient

30. Reabsorption in the distal tubule

· 10% of water and 20% of Na+ remain

· Early part of DT is very convoluted and has transport characteristics of the ascending limb of the loop of Henle

· Later part of DT shares transport characteristics with the collecting duct

31. Reabsorption in the collecting duct

· Hormonally regulated

· Na+ reabsorption increased by aldosterone

· Water reabsorption increased by ADH

· Aquaporins inserted into the membrane

32. Secretion into the nephron

· In proximal tubule:

· Na+/H+ antiporter secretes H+

· Ammonium (NH4+)

· Organic anions

· In collecting ducts

· K+

33. Urine concentration and volume

· ADH and aldosterone modify water and Na+ reabsorption in the later portion of the DT and in the collecting duct

· Transport characteristics in the loop of Henle establish the conditions necessary to make very dilute or very concentrated urine

· Create an increasing solute concentration from cortex to medulla 

· Countercurrent multiplier

34. Concentration gradient

Fig. 25.13
35. Countercurrent multiplier 

Fig. 25.14
36. Dilute vs. concentrated

Fig. 25.15
37. Urinary bladder & urethra

Fig. 25.18
38. Acid/base balance

· Constant production of acids by metabolism requires buffers to maintain normal pH

· 3 major buffering systems

· Chemical

· Short-term and very fast acting

· Respiratory

-Slower to act but very powerful

· Renal

39. Chemical buffers

· Proteins

40. Chemical buffers

· Phosphate 

41. Chemical buffers

· Bicarbonate ions

42. Respiratory buffer system

· Bicarbonate ions

43. Renal buffer system

· Important for two very important reasons

· Reabsorption vs. secretion of bicarbonate ion 

· Generation of new bicarbonate ion

44. Reabsorption of bicarbonate

Fig. 26.12
45. Generation of new bicarbonate

Fig. 26.13
46. Generation of new bicarbonate

Fig. 26.14
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