	Pre-Sheet

Answers Session 7
	Renal Physiology III/G.I. I

M.A.S.T.E.R. Learning Program, UC Davis School of Medicine

Revised:  March 1, 2002

Revised by:  Ravi Patel and Tammie Ho


1. Define: (27)


	metabolic acidosis
	a primary decrease in HCO3,  pH is depressed

	metabolic alkalosis
	a primary increase in HCO3,  pH is increased

	respiratory acidosis
	a primary increase in CO2,  pH is depressed

	respiratory alkalosis
	a primary decrease in CO2,  pH is increased

	osmotic diuresis
	increased urine flow (diuresis) due to an abnormally high concentration in the glomerular filtrate of any substance that is reabsorbed incompletely or not at all by the proximal tubule

	Volatile acids
	acid derived from CO2 that is either inspired or produced by the tissues

	Nonvolatile acid
	acid that is not CO2 derived but instead is generated by the body from the catabolism of proteins and other organic molecules (i.e. sulfuric, phosphoric, lactic, and keto acids


2. Describe (in general terms) the mechanism used by the kidney to reabsorb filtered HCO3. (27-4,5)

80% of the filtered HCO3. is reabsorbed in the proximal tubule, 15% is reabsorbed in the thick ascending limb and the remaining 5% in collecting duct under normal conditions. HCO3  in the proximal tubule reacts with H+ to form CO2 and H2O via the action of carbonic anhydrase in the apical membrane of tubular epithelial cells.  CO2 diffuses into the tubule cells and is rehydrated in the presence of carbonic anhydrase to yield HCO3 and H+.  The H+ is re-secreted into the lumen and the HCO3 exits the basolateral membrane, diffuses into the peritubular capillaries, and is restored to the blood.  The process is similar in the distal nephron, except different transport mechanisms are used and inner medullary collecting duct cells lack an apical carbonic anhydrase which permits acidification of tubular fluid. (Note, according to Dr. Payne:  There is some lumenal carbonic anhydrase in the cortical collecting duct and outer medullary collecting duct to permit reabsorption of the last bit of HCO3..

3. Describe (in general terms) how the kidney is able to add “new” HCO3 to the blood.  How is this important for maintaining acid-base balance? (27-5)


“New” HCO3 is added to the blood whenever a secreted H+ combines with a urinary buffer and then that protonated buffer is excreted.  Two examples of urinary buffers are phosphate and ammonium.  Phosphate is an important urinary buffer, but phosphate excretion is not regulated for acid-base balance.  Ammonium (NH3/NH4), however, is the most important urinary buffer for maintaining acid-base balance. 

4.  How do the kidneys handle H+ and how is it affected during acidosis/alkalosis? (27-6,7)


First, filtered H+ can combine with a urinary buffer and be excreted as a titratable acid..  H+ is also generated intracellularly via carbonic anhydrase and secreted in the proximal tubule and distal nephron.  During acidosis (elevated PCO2 or low HCO3) more H+ is filtered and more H+ is secreted into the tubular lumen.  H+ secretion is increased because acidosis causes a decrease in intracellular pH ( increase in intracellular [H+]) which increases the H+ gradient and facilitates secretion.  In alkalosis, there is decreased H+ filtered and decreased H+ secreted because increased intracellular pH lowers the H+ gradient into the lumen.

NOTE:

1. Although some H+ is filtered, the actual amount is extremely small and shouldn’t really be considered.  Understanding the concept of the titratable acid is important.  

2. With acidosis, also remember that glutamine metabolism is increased, causing two effects that counteract the acidosis:
A) increased NH4+ production ( increases “new HCO3-“

      B) increased NH4+ excretion ( decreases hepatic conversion of NH4+ to urea and H+ 
 (see in-class question #3 for a detailed description)
5.  What is meant by the term “compensation”? (27-6,7)


Compensation is a compensatory response to changes produced by a primary acid-base disturbance.  It is not a correction of the primary disturbance.  2 forms of compensation include Respiratory Compensation and Renal Compensation.

6. Extended matching (one or more letters or numbers may apply for each hormone): (28,29)

	Hormone
	Stimulus for Secretion
	Action on Kidney

	ADH

Aldosterone

ANP

Angiotensin II
	A.  increased atrial stretch

B.  Increased plasma osmolarity

C.  Decreased blood volume

D.  Increased plasma [K+]
	1.  Increased GFR

2.  Increased Na absorption

3.  Increased Na/H exchange

4.  Decreased Na absorption

5.  Increased H2O permeability of collecting ducts

6.  Increased K+ secretion at distal tubule

7.  Increased H+ secretion

	
	
	

	ADH
	B and C
	5 and 2

	Aldosterone
	C and D
	2, 6, and 7

	ANP
	A
	1 and 4

	Angiotensin II
	C
	3


9. Extended matching 

	Patient Description
	Patient Data

	A.  A patient with a 5-day history of vomiting.
	1.    pH 7.65, HCO3 48 meq/L, PCO2 45 mmHg

	B. A patient with untreated diabetes mellitus and increased urinary excretion of NH4.
	2.  pH 7.50, HCO3 15 meq/L, PCO2 20 mmHg

3.  pH 7.31, HCO3 16 meq/L, PCO2 33 mmHg

	C.  A patient with partially compensated respiratory alkalosis after one month on a mechanical ventilator.
	4.  pH 7.32, HCO3 30 meq/L, PCO2 60 mmHg




Patient A = 1.  The history of vomiting indicates loss of gastric H+ and a resulting metabolic alkalosis                        with respiratory compensation.

Patient B = 3.  Untreated diabetes results in the production of ketoacids causing metabolic acidosis.  The urinary excretion of NH4+ is due to adaptive increase in renal NH3 synthesis.

Patient C = 2.  The blood values in respiratory alkalosis show a decreased PCO2 (the cause) and decreased [H+] and [HCO3].  The [HCO3] is further decreased by renal compensation for the chronic condition.

10. Visceral smooth muscle is described as being of the "unitary" type. What does this mean? (30-2)


It means that only a few cells are innervated and cell to cell junctions permit the conduction of excitation. Thus, this type of smooth muscle forms a syncytium.

11. Describe two differences in the electrical properties between smooth muscle cells and skeletal muscle cells. (30-3)

First, due to a higher baseline conductance of sodium, smooth muscle has a less negative resting membrane potential.

Second, the action potentials of smooth muscle are not all or none. Action potentials may vary in amplitude and last longer than striated muscle. In smooth muscle, the inward current which causes depolarization is carried by calcium ions, which move more slowly across their channels than sodium entry during skeletal muscle depolarization.

12. Characterize the nature of visceral smooth muscle "slow waves" (i.e. mechanism of production of contraction, frequency, etc.). (30-4)


Slow waves are oscillating membrane potentials inherent to the smooth muscle cells of the Gl tract. They are not action potentials, but they do determine the pattern of action potentials and, therefore, the pattern of contraction of the smooth muscle (however, in gastric smooth muscle, the slow waves themselves can cause contractions). Their frequency varies along the Gl tract, but is constant and characteristic for each part of the Gl tract. The mechanism of production of cyclic depolarization is not well understood, but voltage activated channels which carry both calcium and sodium are thought to be involved. Depolarization during each slow wave brings the membrane potential closer to threshold and increases the probability of action potentials to occur. Contraction will occur when depolarization reaches a mechanical threshold, while action potentials occur if depolarization reaches an electrical threshold. The amplitude of the contraction is determined by the size of the depolarization and the number of action potentials elicited. 
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13. Name the three basic types of GI motility. (30-5)

· Peristalsis‑ waves of coordinated contraction stimulated by stretch of the gut wall, serving to propel chyme aborally.

· Rhythmic segmentation ‑ alternate contraction and relaxation of rings of smoothly muscle, which serves to mix chyme. The rates of contraction also serve to move the chyme aborally (decreasing rates along the intestine).

· Tonic segmentation ‑ Specifically found in the sphincters, this type of contraction closes or narrows the lumen by a static ring of contraction to control the aboral movement of chyme and prevent reflux.


14. What are the components of the Migrating Motor Complex? Where does this take place? (30-7)


This is demonstrated by cyclical periods of intense contractile activity, inactivity, and intermediate activity which propagate from the antrum of the stomach to the ileum, even in a fasting state. There are four phases:

· phase 1 ‑ quiescent, only slow waves are detected (30‑60 min).

· phase 2 ‑ intermittent, rate of contraction increases progressively (30‑60 min).

· phase 3 ‑ intense activity, rate of contraction equal to slow wave freq.4‑7 min

· phase 4 ‑ return to phase 1, rapid slowing of contractions.

As the MMC reaches the distal ileum, a new MMC begins in the stomach, thus assuring that one region of the gut is always in a state of intense contractile activity.
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