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RENAL SYSTEM / LEC 7 

ADH Increases Water Reabsorption.  
The most important renal action of ADH is to increase the water 

permeability of the distal tubule, collecting tubule, and collecting duct 

epithelia. This effect helps the body to conserve water in circumstances 

such as dehydration. In the absence of ADH, the permeability of the distal 

tubules and collecting ducts to water is low, causing the kidneys to 

excrete large amounts of dilute urine.Thus, the actions of ADH play a key 

role in controlling the degree of dilution or concentration of the urine.  

ADH binds to specific V2 receptors in the late distal tubules, collecting 

tubules, and collecting ducts, increasing the formation of cyclic AMP and 

activating protein kinases.This, in turn, stimulates the movement of an 

intracellular protein, called aquaporin-2 (AQP-2), to the luminal side of 

the cell membranes.The molecules of AQP-2 cluster together and fuse 

with the cell membrane by exocytosis to form water channels that permit 

rapid diffusion of water through the cells.  Chronic increases in ADH 

levels also increase the formation of AQP-2 protein in the renal tubular 

cells by stimulating AQP-2 gene transcription.When the concentration of 

ADH decreases, the molecules of AQP-2 are shuttled back to the cell 

cytoplasm, thereby removing the water channels from the luminal 

membrane and reducing water permeability. 

 

Atrial Natriuretic Peptide Decreases Sodium and Water 

Reabsorption. 

Specific cells of the cardiac atria, when distended because of plasma 

volume expansion, secrete a peptide called atrial natriuretic peptide. 

Increased levels of this peptide in turn inhibit the reabsorption of sodium 

and water by the renal tubules, especially in the collecting ducts. This 

decreased sodium and water reabsorption increases urinary excretion, 

which helps to return blood volume back toward normal. 

 

Parathyroid Hormone Increases Calcium Reabsorption. 

Parathyroid hormone is one of the most important calcium-regulating 

hormones in the body. Its principal action in the kidneys is to increase 

tubular reabsorption of calcium, especially in the distal tubules and 

perhaps also in the loops of Henle.  

 

 

 



Sympathetic Nervous System Activation Increases Sodium 

Reabsorption 
Activation of the sympathetic nervous system can decrease sodium and 

water excretion by constricting the renal arterioles, thereby reducing 

GFR. Sympathetic activation also increases sodium reabsorption in the 

proximal tubule, the thick ascending limb of the loop of Henle, and 

perhaps in more distal parts of the renal tubule. And finally, sympathetic 

nervous system stimulation increases renin release and angiotensin II 

formation, which adds to the overall effect to increase tubular 

reabsorption and decrease renal excretion of sodium. 

 

The Kidneys Excrete Excess Water by Forming a Dilute Urine 

The normal kidney has tremendous capability to vary the relative 

proportions of solutes and water in the urine in response to various 

challenges.When there is excess water in the body and body fluid 

osmolarity is reduced, the kidney can excrete urine with an osmolarity as 

low as 50 mOsm/L, a concentration that is only about one sixth the 

osmolarity of normal extracellular fluid. Conversely, when there is a 

deficit of water and extracellular fluid osmolarity is high, the kidney can 

excrete urine with a concentration of 1200 to 1400 mOsm/L. Equally 

important, the kidney can excrete a large volume of dilute urine or a small 

volume of concentrated urine without major changes in rates of excretion 

of solutes such as sodium and potassium. This ability to regulate water 

excretion independently of solute excretion is necessary for survival, 

especially when fluid intake is limited. 

 

Antidiuretic Hormone Controls Urine Concentration 

There is a powerful feedback system for regulating plasma osmolarity 

and sodium concentration that operates by altering renal excretion of 

water independently of the rate of solute excretion. A primary effector of 

this feedback is antidiuretic hormone (ADH), also called vasopressin. 

When osmolarity of the body fluids increases above normal (that is, the 

solutes in the body fluids become too concentrated), the posterior 

pituitary gland secretes more ADH,which increases the permeability of 

the distal tubules and collecting ducts to water. This allows large amounts 

of water to be reabsorbed and decreases urine volume but does not 

markedly alter the rate of renal excretion of the solutes. When there is 

excess water in the body and extracellular fluid osmolarity is reduced, the 

secretion of ADH by the posterior pituitary decreases, there by reducing 

the permeability of the distal tubule and collecting ducts to water, which 

causes large amounts of dilute urine to be excreted.  Thus, the rate of 

ADH secretion determines, to a large extent, whether the kidney excretes 

a dilute or a concentrated urine. 



Osmoreceptor-ADH Feedback System 

When osmolarity (plasma sodium concentration) increases above normal 

because of water deficit, for example, this feedback system operates as 

follows: 

1. An increase in extracellular fluid osmolarity (which in practical terms 

means an increase in plasma sodium concentration) causes the special 

nerve cells called osmoreceptor cells, located in the anterior 

hypothalamus near the supraoptic nuclei, to shrink. 

 

2. Shrinkage of the osmoreceptor cells causes them to fire, sending nerve 

signals to additional nerve cells in the supraoptic nuclei, which then relay 

these signals down the stalk of the pituitary gland to the posterior 

pituitary. 

 

3. These action potentials conducted to the posterior pituitary stimulate 

the release of ADH, which is stored in secretory granules (or vesicles) in 

the nerve endings. 

 

4. ADH enters the blood stream and is transported to the kidneys, where 

it increases the water permeability of the late distal tubules, cortical 

collecting tubules, and medullary collecting ducts. 

 

5. The increased water permeability in the distal nephron segments causes 

increased water reabsorption and excretion of a small volume of 

concentrated urine. Thus, water is conserved in the body while sodium 

and other solutes continue to be excreted in the urine.This causes dilution 

of the solutes in the extracellular fluid, thereby correcting the initial 

excessively concentrated extracellular fluid. The opposite sequence of 

events occurs when the extracellular fluid becomes too dilute (hypo-

osmotic). For example, with excess water ingestion and a decrease in 

extracellular fluid osmolarity, less ADH is formed, the renal tubules 

decrease their permeability for water, less water is reabsorbed, and a large 

volume of dilute urine is formed.This in turn concentrates the body fluids 

and returns plasma osmolarity toward normal. 

 

 

 

 

 

 

 

 

 



Cardiovascular Reflex Stimulation of ADH Release by Decreased 

Arterial Pressure and/or Decreased Blood Volume 

ADH release is also controlled by cardiovascular reflexes that respond to 

decreases in blood pressure and/or blood volume, including (1) the 

arterial baroreceptor reflexes and (2) the cardiopulmonary reflexes. 

Thus, in addition to increased osmolarity, two other stimuli increase ADH 

secretion: (1) decreased arterial pressure and (2) decreased blood volume. 

Whenever blood pressure and blood volume are reduced, such as occurs 

during hemorrhage, increased ADH secretion causes increased fluid 

reabsorption by the kidneys, helping to restore blood pressure and blood 

volume toward normal. 

 

Micturition :                                                                                           

Micturition is the process by which the urinary bladder empties when it 

becomes filled. This involves two main steps: First, the bladder fills 

progressively until the tension in its walls rises above a threshold level; 

this elicits the second step, which is a nervous reflex called the 

micturition reflex that empties the bladder or, if this fails, at least causes a 

conscious desire to urinate. Although the micturition reflex is an 

autonomic spinal cord reflex, it can also be inhibited or facilitated by 

centers in the cerebral cortex or brain stem. 

 

 

 



 

The bladder neck (posterior urethra) is 2 to 3 centimeters long, and its 

wall is composed of detrusor muscle interlaced with a large amount of 

elastic tissue. The muscle in this area is called the internal sphincter. Its 

natural tone normally keeps the bladder neck and posterior urethra empty 

of urine and, therefore, prevents emptying of the bladder until the 

pressure in the main part of the bladder rises above a critical threshold. 

Beyond the posterior urethra, the urethra passes through the urogenital 

diaphragm, which contains a layer of muscle called the external sphincter 

of the bladder. This muscle is a voluntary skeletal muscle, in contrast to 

the muscle of the bladder body and bladder neck, which is entirely 

smooth muscle. The external sphincter muscle is under voluntary control 

of the nervous system and can be used to consciously prevent urination 

even when involuntary controls are attempting to empty the bladder. 

 

 

Micturition Reflex                                                                                 

As the bladder fills, many superimposed micturition contractions begin to 

appear. They are the result of a stretch reflex initiated by sensory stretch 

receptors  in the bladder wall, especially by the receptors in the posterior 

urethra when this area begins to fill with urine at the higher bladder 

pressures. Sensory signals from the bladder stretch receptors are 

conducted to the sacral segments of the cord through the pelvic nerves 

and then reflexively back again to the bladder through the 

parasympathetic nerve fibers by way of these same nerves. When the 

bladder is only partially filled, these micturition contractions usually relax 

spontaneously after a fraction of a minute, the  detrusor muscles stop 

contracting, and pressure falls back to the baseline. As the bladder 

continues to fill, the micturition reflexes become more frequent and cause 

greater contractions of the detrusor muscle. Once a micturition reflex 

begins, it is “self-regenerative.” That is, initial contraction of the bladder 

activates the stretch receptors to cause a greater increase in sensory 

impulses to the bladder and posterior urethra, which causes a further 

increase in reflex contraction of the bladder; thus, the cycle is repeated 

again and again until the bladder has reached a strong degree of 

contraction. Then, after a few seconds to more than a minute, the self-

regenerative reflex begins to fatigue and the regenerative cycle of the 

micturition reflex cease . Thus, the micturition reflex is a single complete 

cycle of (1) progressive and rapid increase of pressure, (2) a period of 

sustained pressure, and (3) return of the pressure to the basal tone of the 

bladder.                                                                                                   

 



Once a micturition reflex has occurred but has not succeeded in emptying 

the bladder, the nervous elements of this reflex usually remain in an 

inhibited state for a few minutes to 1 hour or more before another 

micturition reflex occurs. As the bladder becomes more and more filled, 

micturition reflexes occur more and more often and more and more 

powerfully. Once the micturition reflex becomes powerful enough, it 

causes another reflex, which passes through the pudendal nerves to the 

external sphincter to inhibit it. If this inhibition is more potent in the brain 

than the voluntary constrictor signals to the external sphincter, urination 

will occur. If not, urination will not occur until the bladder fills still 

further and the micturition reflex becomes more powerful .  

 

Facilitation or Inhibition of Micturition by the Brain 

The micturition reflex is a completely autonomic spinal cord reflex, but it 

can be inhibited or facilitated by centers in the brain. These centers 

include (1) strong facilitative and inhibitory centers in the brain stem, 

located mainly in the pons, and (2) several centers located in the cerebral 

cortex that are mainly inhibitory  but can become excitatory. The 

micturition reflex is the basic cause of micturition, but the higher centers 

normally exert final control of micturition as follows: 

 

1. The higher centers keep the micturition reflex partially inhibited, 

except when micturition is 

desired. 

 

2. The higher centers can prevent micturition, even if the micturition 

reflex occurs, by continual tonic contraction of the external bladder 

sphincter until a convenient time presents itself. 

 

3. When it is time to urinate, the cortical centers can facilitate the sacral 

micturition centers to help initiate a micturition reflex and at the same 

time inhibit the external urinary sphincter so that urination can occur. 

Voluntary urination is usually initiated in the following way: First, a 

person voluntarily contracts his or her abdominal muscles, which 

increases the pressure in the bladder and allows extra urine to enter the 

bladder neck and posterior urethra under pressure, thus stretching their 

walls. This stimulates the stretch receptors, which excites the micturition 

reflex and simultaneously inhibits the external urethral 

sphincter.Ordinarily, all the urine will be emptied, with rarely more than 

5 to 10 milliliters left in the bladder. 
 

 


