BOX 37.5

THIRST AND SALT APPETITE DURING HYPOVOLEMIA IN RATS

Hypovolemia elicits two endocrine effects in the excitation of salt appetite in rats—acute stimulation by a peptide hormone (AII) and more gradual stimulation by a steroid hormone (aldosterone). However, hypovolemia and AII each provide conflicting stimuli for salt appetite, since each signal also stimulates central oxytocin secretion, which mediates inhibition of salt appetite. The coordination of thirst and salt appetite stimulated by hypovolemia-induced colloid treatment in rats can be conceptualized as follows (Fig. 37.7). The combination of hypovolemia and AII stimulates thirst but provides a mixed stimulus of salt appetite. Thus, the animals at first drink water; however, by doing so, they dilute their body fluids, and the osmotic dilution eventually becomes large enough to inhibit thirst. Osmotic dilution has the additional effect of reducing central oxytocin secretion, which in turn disinhibits salt appetite, and the rats begin to drink concentrated NaCl solution. The ingested solute raises plasma osmolality and thereby removes the dilution-induced inhibition of thirst and oxytocin secretion. Consequently, the rats stop drinking saline and resume drinking water. Osmotic dilution again develops, thirst is again inhibited, and salt appetite is again disinhibited. And thus the hypovolemic animals, stimulated by neural and endocrine signals of hypovolemia, alternate their intakes of the two fluids while maintaining the concentration of body fluids near isotonic. Water and Na+ are conserved in urine until the deficit in plasma volume is repaired, at which point the stimuli for adaptive physiological and behavioral responses disappear, and normal body fluid volume and tonicity are restored. Because the same neural and endocrine signals of hypovolemia stimulate thirst, salt appetite, and AVP and oxytocin secretion, these responses are integrated. 

In addition, presystemic signals may participate in the control of water and saline consumption. For example, distension of the stomach and small intestine by ingested fluid may inhibit further drinking despite continued deficits of plasma volume. Similarly, osmotic dilution detected by visceral osmoreceptors may inhibit intake of water, whereas osmotic concentration may inhibit intake of hypertonic NaCl solution. Thus, both systemic and presystemic signals, providing information about the concentration and volume of body fluid and of ingested fluid, respectively, appear to be available to the hypovolemic animal. The integration of these signals by the brain is critical in the control of water and saline intakes and determines the volume of each fluid that is consumed.
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FIGURE 37.7 Schematic diagram of the mechanisms controlling thirst and salt appetite in hypovolemic rats. Solid arrows indicate stimulation and unfilled arrows indicate inhibition. The combination of the effects of blood-borne AII on the brain and neural baroreceptor signals to the brainstem stimulates hypovolemic animals to drink water and concentrated saline solution. The rats alternately drink the two fluids in amounts that ultimately add up to a volume of isotonic saline sufficient to repair the volume deficit. When the animals have access to only one fluid, the water and salt intakes are limited by activation of the appropriate inhibitory osmoregulatory pathways. When rats drink isotonic saline instead of water and concentrated saline, neither inhibitory pathway is activated and consequently intake is continuous.

