








Renal atrial natriuretic peptide receptors are located
in glomeruli and in the renal medulla

Mendelsohn et al:  Can. J. Physiol. Pharmacol. 65: 1517, 1987



Systemic Effects of ANP

Kidney
dilates afferent arteriole

decreases renal resistance, increase PGC, increase GFR
decreases proximal tubular reabsorption

inhibits amiloride-sensitive Na+ channel in distal tubule
inhibits renin release

Adrenal Gland
inhibits aldosterone synthesis

Vascular Smooth Muscle
relaxes smooth muscle

> vasodilation > increased vascular capacity
increases vascular permeability 
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Levin et al., NEJM (1998) 339:321-328

Summary of ANP Actions in Response to Volume Expansion



The effect of water immersion on venous return and atrial volume
OR

Why kids urinate in the swimming pool?
OR

ANP in Action

Hydrostatic pressure on large veins increases venous return to Right Atria
Atrial distension induces ANP secretion and you know the rest



Echt et al., (1974)
Pflugers Arch.
352:211-217

Chest X-Rays
Upright
and 
Immersed

Note the
increase in 
heart volume
on immersion
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Distribution of Body Water and Sodium

[Na+]=        4.5 mEq/L 140 mEq/L
[K+]=          140 mEq/L 4.5 mEq/L
[Osm]= 290 mOsm/L 290 mOsm/L
Volume= 30 L 15 L (10 and 5) 

Total Body Water:
Male: 65% Body Wt.
Female: 60% Body Wt

Body weight = 67 kg



Cell Membrane

Capillary Wall

Distribution of Body Water and Sodium:
Addition of NaCl

Intracellular Extracellular
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3Na+

2K+

[Na+]=        4.6 mEq/L 145 mEq/L
[K+]=          144 mEq/L 4.2 mEq/L
[Osm]= 299 mOsm/L 299 mOsm/L
Volume= 29.1L 15.9L (10/5) 

Experiment:
Add 12 g NaCl (= 205 mEq Na+), 
No water. 

Euvolemic
Altered distribution



Intracellular Extracellular

Cell Membrane

Capillary Wall

[Na+]=        4.5mEq/L 140.4 mEq/L
[K+]=          140 mEq/L 4.1 mEq/L
[Osm]= 290 mOsm/L 290 mOsm/L
Volume= 30L 16.4L (10/5) 
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3Na+

2K+

Distribution of Body Water and Sodium:
Addition of NaCl + Water (Isotonic)

Experiment:
Add 12 g NaCl (= 205 mEq Na+), 
Allow Correction of Body Water 
Osmolality by Oral Water Intake.
(requires 1.4 L). 

Extracellular volume expanded



Renin Synthesis and Release

•Renin is produced  in modified vascular smooth muscle cells of 
afferent glomerular arterioles: JG cells

•Renin is stored in electron-dense granules

•Acute renin release (hemorrhage) occurs through release from granules 

•Chronic changes in renin release are controlled predominantly by changes 
in renin synthesis



Why Does Water Move Through A Semi-Permeable Membrane?

1) Hydrostatic pressure 
2) Osmotic pressure

100 mM
glucose

10 mM
glucose

permeable to
water but not
glucose

QUESTION: On which side is the concentration of water higher?
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Why Does Water Move Through A Semi-Permeable Membrane?

1) Hydrostatic pressure 
2) Osmotic pressure

100 mM
glucose

10 mM
glucose

permeable to
water but not
glucose

QUESTION: On which side is the concentration of water higher?
ANSWER: Side #2. Osmotic movement of water is simply the movement 
of water down its concentration gradient from high concentration of water
to lower concentration of water. It is not some mysterious force.

1 2

H2O
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[Na+]=        4.2 mEq/L 131 mEq/L
[K+]=          131 mEq/L 4.2 mEq/L
[Osm]= 267 mOsm/L 267 mOsm/L
Volume= 32L 16L (10/5) 

Experiment:
Add 3 L Water (no solute)
to Vascular Compartment

Distribution of Body Water and Sodium:
Addition of Water



Volume and Osmolarity are Independently Regulated

volume can change without changing osmolarity
and conversely

osmolarity can change without changing volume

osmolarity is a ratio of particles per unit volume

volume is an amount of particles




