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9-26-08 Physiology of Volume Regulation

Fluid Homeostasis 

· Homeostasis: Ingestion + Production = Excretion + Consumption

· Fluid Compartments – see previous lecture (60% BW is water, 1/3 extracellular, ¼ of which is plasma)

· Semipermeable Membrane – permeable to water, but not given solute (e.g. Na+)

· Osmotic Pressure – the apparent force driving water diffusion across semipermeable membrane

· Stops when gradient is equalized, or force is counterbalanced by hydrostatic pressure

· Effective/Ineffective Osmoles – only substances that are membrane impermeable will influence water movement (generate osmotic pressure) 

Osmolality, Osmolarity, Tonicity

· Osmolality – the amount of solute per kg of solvent ( temperature independent
· Osmolarity – the amount of soute per L of solvent ( temperature dependent
· Tonicity – ability of a solution to cause flow across a given membrane
Infusions 

· Isotonic – infusion of 0.9% NS would only expand volume, but no net flow
· Hypotonic – infusion of D5W would dilute extracellular, dilute intracellular ( cells swell 

· Hypertonic – infusion of 3% NS would dilute extracellular, concentrate intracellular ( cells shrink
Electrolytes 

· Nomral ECF Osmolarity = 300 mOsM/L

· [Na+] is 145 mEq/L in ECF, 12 in ICF

· [K+] is 150 mEq/L in ICF, 4 in ECF

· [Cl-] is 105 mEq/L in ECF, 5 in ICF 

· [Ca2+] is 5 mEq/L in ECF, 0.001 in ICF 

· [HCO3-] is 25 mEq/L in ECF, 12 in ICF 

· [Pi] is 100 mEq/L in ICF, 2 in ECF 
Sodium Balance 

· Sodium is the primary regulator of volume

· Detecting Na+ Balance changes – just observe changes in extracellular volume

· Detecting H2O Balance changes – just observe change in plasma osmolality ( Na+ concentration
Volume Regulation in Kidney 

· Volume regulation – in kidney, controlled by filtration and reabsorption:

· Filtration – amount of fluid passing from afferent arterioles ( glomerulus

· Reabsorption – amount of fluid passing back from renal tubules ( peritubular network

· Starling Forces – filtration pressure driving GFR determined by hydrostatic & osmotic pressures:
· Equation: Flux = Kf[(PGC-PBS) – (ПGC- ПBS)],  GC = glomular capillaries    BS = Bowman’s space

· Hydrostatic Pressure – afferent tone the inverse of GFR, efferent tone is directly related to GFR
· Blood Pressure – generally doesn’t affect GFR across normal range of pressures, affect PGC and PBS same
Sodium Transport in Tubules 

· Energy – 80-90% of total renal O2 consumption due to Na+ ATPase generating osmotic gradients

· Na+ ATPase – located on basolateral side of tubule cells (away from lumen), allowing for diffusion through luminal side
Proximal Tubule 
· Na+ reabsorption – occurs here primarily, thanks to Na+ ATPase pump across basolateral surface

· 1st half – Na+ reabsorbed with symport of a number of ions “X” (glucose, phosphate, AA, lactate) and H+ exchanger

· 2nd half – Na+ reabsorbed with Cl- through a series of antiporter pathways with base intermediate; also via paracellular Na/Cl diffusion

· Fanconi’s Syndrome – diffuse dysfunction of proximal tubule, leading to:
· Glucose/AA/phosphates in urine – due to lack of symport with Na+
· Na+ in urine? Not really, the loss of Na+ reabsorption in proximal tubule can be made up for later 
· Causes – seen in heavy metal exposure, multiple myeloma
Loop of Henle & Na+ Reabsorption 
· Descending Limb – no Na+ transport here
· Thick ascending limb – some Na+ reabsorption (20-25%, 2o to proximal tubule), transceullar and paracellular
· Loop diuretics – inhibit Na+ reabsorption here ( Na+ (and thus water) in urine; inhibits the Na/2Cl/K symporter
Distal Tubule & Na+ 
· Co-tranport with Cl- - accounts for small amount of Na+ reabsorption (4-5%)
· Thiazide diuretic – inhibits Na/Cl symport reabsorption here
Collecting Duct & Na+ 

· Aldosterone-mediated Na+ transport – accounts for small amount of Na+ reabsorption (2-3%); K+ transport is separated

· Potassium-sparing diuretic – inhibit collecting duct reabsorption

· Potassium balance – mostly controlled for in collecting duct

Atrial Natriuretic Peptide 

· Source – released in heart in response to mechanical stretch

· Effects – will allow for a volume decrease, through:

· Increased GFR – induces afferent arteriolar vasodilation & efferent vasoconstriction

· Decreased Na+ reabsorption in collecting duct – more Na+ and H2O excreted

· B-type Natriuretic Peptide – produced during chronic volume overload, diagnostic of CHF
SNS 

· Baroreceptors – detect changes in volume as pressure changes ( alter afferent/efferent arteriole tone
· Low Pressure sensors – pulmonary vessels, cardiac atria ( act to decrease GFR (raise pressure)

· High Pressure sensors – carotid sinus, aortic arch ( will act to increase GFR (lower pressure)

· Gross Adjustments – SNS sensors are not fine-tuning, need at least a 5-10% pressure change to induce

· Renin Release – also activated by low pressure sensors ( increase Na and water reabsorption
Renin 

· Source – produced by JGA cells of kidney in afferent arteriole
· Stimulus – released when there is low afferent arteriole pressure, SNS activity, Macula densa

· Effect – converts Angiotensinogen ( Angiotensin I
Angiotensin II 

· Source – converted from Angiotensin I in lungs by ACE
· Effects – has both systemic effects and renal effects:
· Systemic – vasoconstriction, aldosterone release from adrenals, ADH release from CNS
· Renal – increased NaCl reabsorption, efferent arteriole constriction (increased GFR?)
· Increased GFR due to make sure toxins can still be excreted, despite volume retention
Aldosterone 
· Source – produced in adrenal gland

· Stimulus – released in presence of angiotensin II, or a high potassium
· Effects – acts on collecting duct, increases reabsorption but also K+ excretion
FENa 

· Fractional Excretion of Na+ (FENa) – anything < 1% suggests volume depletion (unless on diuretic!)

· FENa = (UNa * PCr)/*(UCr*PNa)
· FEUrea – anything less than 35% also consistent with volume depletion, controls for pts. on diuretics
Effective Circulating Volume 

· Effective Circulating Volume – how well key organs are perfused! (Thus fluid volume in right place)
· Determinants – cardiac output, blood pressure, and fluid in vasculature vs. elsewhere
· Sensors – respond to effective circulating volume, not total ( potential for volume overload
