Metabolic Alkalosis
Metabolic alkalosis is the generation or excess reabsorption of HCO3.  Like acidosis, this doesn’t 
actually imply a change in pH.  So in metabolic alkalosis or acidosis, pH may be normal.

Changes in actual pH are called alkalemia and acidemia.
In metabolic alkalosis, HCO3 rises, and then CO2 rises (respiratory compensation).  HCO3, CO2, 
and pH all increase.

In respiratory alkalosis, CO2 and HCO3 both decrease.  So HCO3 and pH move oppositely.
pH = 
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Most acid is normally excreted in the collecting duct by the H+ ATPase.

Early Proximal Tubule
Main function is reabsorption of HCO3, Na, K, etc.
H+ is excreted into the lumen via a Na+/H+ exchanger.

The HCO3 that isn’t reabsorbed combines with the excreted H+ to form carbonic acid, which is 
converted by lumenal CA to CO2 and H2O.  These passively diffuse back into tissues, 
and CO2 is blown off by the lungs.

(Raymond removed image of early proximal tubule reabsorption.)

Late Proximal Tubule
Main function is regeneration of new HCO3 using carbonic anhydrase.
The major acceptor of H+ at the late proximal tubule is weak acids and NH3.

Generation of NH3 as a H+ acceptor also makes more HCO3!

(Raymond removed images of proximal tubule reabsorption.)

The proximal tubules secrete acid and reabsorb HCO3 in response to three factors:
1.  Decreased ECV (stimulates the Na+/H+ exchanger, and reduces GFR so less HCO3 is filtered)

2.  Low pH  (stimulates the Na+/H+ exchanger)
3.  Hypokalemia  (stimulates the Na+/H+ exchanger)
Distal Tubule – Principal Cells
Main function is charge-dependent H+ secretion.  As sodium is reabsorbed, both H+ and K+ are 
electrogenically forced into the lumen.
Aldosterone will increase H+ secretion by boosting sodium reabsorption.

Distal Tubule – Intercalated Cells
“A cells” regenerate HCO3 and secrete H+ via the H+ ATPase (upregulated by aldosterone).
“B cells” will activate in the absence of aldosterone, and secrete HCO3.
(Raymond removed images of acid and base secreting intercalated cells.) 
The distal tubules secrete acid in response to four factors:
1.  Aldosterone.  Aldo stimulates sodium-dependent (in principal cells) and sodium-independent 
(in intercalated cells) acid secretion.

2.  Hypokalemia.  Low potassium increases activity of the K+/H+ exchanger.
3.  Decreased ECV.

4.  Chloride.  High chloride stimulates HCO3 reabsorption in A cells.  
Metabolic Alkalosis
Generation Phase is the addition of HCO3 to the blood, usually from vomiting (acid loss).
Maintenance Phase is the impairment of kidney HCO3 excretion.

There are two main categories of metabolic alkalosis:

1.  Low ECV, normal BP, hypokalemia, hyperaldosterone

GI origin
--vomiting, which wastes H+ and Cl-.  Loss of volume and Cl- osmotic gradient decrease GFR.

HCO3 can get very high and serum Cl- very low.
--congenital chloridorrhea, which is a chloride-wasting diarrhea due to loss of a Cl-/HCO3 
exchanger.  HCO3 can get very high and serum Cl- very low.

Renal origin
--*Diuretics (most common cause of metabolic alkalosis!), which deplete H+, Cl-, and K+.  There 
will be serious hypokalemia and low ECV from loss of solutes.  This low ECV is called 
“contraction alkalosis.”
--Post-hypercapnia, in which HCO3 is elevated by chronic high CO2 (e.g. mechanical ventilator)
--Bartter’s Syndrome, in which kidney acts like it’s on loop diuretics, so the Na/Cl/K co-transporter

is non-functional.  There is major solute wasting and ECV contraction.
--Gitelman’s Syndrome, in which the Na/Cl co-transporter is non-functional.

(Raymond removed images of Bartter’s and Gitelman’s syndrome.)
2.  High ECV, high BP, hypokalemia, hyperaldosterone
--High renin levels, such as with renal artery stenosis.
--Hyper-aldosteronism (Cushing’s Syndrome, Liddle’s Syndrome, adrenal hyperplasia/carcinoma)
Both hyper-renin and hyper-aldosterone are characterized by severe hypokalemia, hypertension, 
and metabolic alkalosis.

(Raymond removed image of Liddle’s syndrome)
Consequences and Treatment of metabolic alkalosis
Alkalosis causes respiratory depression by shifting of the oxyhemoglobin curve to the left 
(impairing O2 release).  It also causes vasoconstriction and heart arrythmias.
Metabolic alkalosis is always accompanied by hypokalemia.

Treatment is usually with chloride and antagonism of aldosterone if necessary.

If urine chloride is around zero, metabolic alkalosis:
--is caused by vomiting, chloride-depleting diarrhea, prior diuretic use
--will be responsive to chloride replacement via saline
If urine chloride is elevated, metabolic alkalosis:

-- is caused by Bartter’s/Gitelman’s Syndromes, high renin, high aldosterone, current diuretic use
--will NOT be responsive to chloride replacement 
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