Renal handling of Na+, K+, & Cl- and Glucose—Guggino
I. Intro

a. 180 L/day enter glomerulus ( 120 L/day reabsorbed in Proximal Tubule ( 35 L reabsorbed in Loop of henle ( of remaining 18L, concentrated to 1-2L of urine in Distal tubule & collecting duct

II. Epithelia
a. 180 L/day enter glomerulus ( 120 L/day reabsorbed in Proximal Tubule ( 35 L reabsorbed in Loop of henle ( of remaining 18L, concentrated to 1-2L of urine in Distal tubule & collecting duct

b. Structural Polarity

i. Epithelia is made of polar cells => different components on apical and basolateral surfaces!

ii. Occluding zone (= “tight jxn”) between cells fxns as a barrier to prevent passage of plasma membrane proteins

iii. Specialized extracellular compartments (microvilli, etc) concentrate solutes

iv. Key components

1. substances move across cell in 1 main direction

2. transport proteins different on apical & basal membranes

3. must sort transporters to proper membrane

4. must maintain transporters in proper place

c. Functional Polarity (absorption—to blood/body vs. secretion—out of bl./body)

i. Ions enter via channels or carrier-mediated transport systems

ii. Na-K pump—creates Na gradient which supplies energy for transport

1. usually located on blood (basal) side

2. Fxn: 1) exit step for Na+, 2) generator of ion gradient essential for solute entry mechanism

iii. Eg: Absorption of Na: Na channel is on apical membrane and Cl diffuses passively through a paracellular transporter (between cells)

iv. Eg: Secretion of Na:  Na& Cl are cotransported into cell from basal membrane => Cl channel to apical surface, Na diffuses out through paracellular channel

III. Water Transport

a. Water Flow

i. 
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ii. Where Lp= hydraulic water permeability
iii. ΔP = hydrostatic pressure distance ~= 0 (most epithelial tissues)

iv. Δπ= osmotic pressure difference 

b. Solute Coupled H2O movement

i. Apical solute entry raises osmolality

ii. Basolateral Na-K pumps move solutes to restricted intercellular space

iii. This small gradient => H2O follows (b/c Lp is very high)

c. Highly Water Permeable Epithelium
i. See enlarged surface area (for absorption) in the form of microvilli (aka brush border) & high permeability to H2O (large Lp)

ii. H2O is removed from lumen iso-osmotically (no change in concentration)

iii. Salt and H2O move in same direction => ionic composition of both compartments remains constant

d. Water Impermeable Epithelium

i. Cells have smaller surface areas & are flatter (fewer microvilli) & transport a strongly hypertonic solution

ii. Sensitive to ADH (in collecting duct) which increases H2O permeability

iii. Salts are reabsorbed, but not H2O 

IV. Parts of Nephron

a. Proximal Tubule 
i. Subdivisions

1. S1—initial portion of convoluted tubule

a. Cells: tall, extensive brush border & many mitochondria

2. S2—remaining part of convoluted tubule

a. Cells: shorter, less of a brush border & fewer mitochondria

3. S3—proximal straight tubule

a. Cells: shortest, fewest mitochondria, & particularly tall brush border

4. From S1→S3 cells have increasing affinity but decreasing capacity

ii. Characteristics

1. reabsorbs fluid w/o changing osmolality

2. H2O reabsorption: 80% is passive via solute-coupled H2O transport, but ~20% is due to high oncotic pressure in peritubular capillary fluid

3. Na-K Pump driven transport—supplies energy for Na, Cl, & H2O reabsorption & protein secretion via Na concentration gradient

4. Glucose—all glucose is typically reabsorbed in proximal tubule via Na-Glu cotransporter; S1 has high capacity but low affinity & S3 has high affinity but lower capacity => able to extract Glu efficiently

5. Amino acids—each has its own transporter; complete reabsorption 

6. H+—secreted in exchange for Na+; Cl- follows Na paracellularly
7. Bicarbonate—reabsorption is very important for maintaining buffer capacity of ECF (~100% reabsorption); reabsorption takes place as consequence of H+ secretion

8. Cl-—reabsorbed paracellularly (between cells) by following Na, & transcellularly via exchange for secreted organic ions

9. Proteins & other Ions—reabsorbed via pinocytosis => low capacity system that is easily saturated

10. Organic Ion secretion—via S2; Enter basolateral membrane coupled to Na+ entry, & secreted via reabsorption of Cl-
a. Drug half lives—determined by rate of secretion by S2 segment
b. Loop of Henle

i. Thin Descending Limb—highly permeable to H2O; relatively impermeable to salts & urea

ii. Thin Ascending Limb—highly permeable to salts & urea but impermeable to H2O

iii. Thick Ascending Limb—cells are rich in mitochondria & Na/K pumps; supplies all energy for urine concentrating mechanism; reabsorbs ions, but impermeable to H2O

c.  Distal Convoluted Tubule—reabsorbs ~ 2-5% of ions

d. Collecting Duct

i. Principal cells—secrete K+ & reabsorb Na+, Cl-, & H2O (via channels)

ii. Intercalated Cells—secrete or reabsorb proteins

V. Clearance—method of assessing secretion and reabsorption

a. Equations:

i. 
[image: image2.wmf]s

s

s

P

V

U

C

GFR

*

]

[

=

=

 

ii. where Cs = clearance of substance S

iii. Us = concentration of S present in urine

iv. V = amount of urine excreted

v. Ps = concentration of S present in plasma

b. Clearance is independent of Plasma concentration!!
c. Inulin

i. Comes from Jerusalem artichoke; freely filtered but not secreted, reabsorbed or metabolized => ideal to measure clearance

d. Assessing secretion

i. If Cs > Cinulin, you know the substance is secreted, b/c total is greater than w/ no interactions (use Cinulin as gold standard)
e. Assessing reabsorption

i. If Cs < Cinulin, you know the substance is reabsorbed

ii. Eg: CGlu = 0
PAGE  
3

_1175597894.unknown

_1175599781.unknown

