13.  Food and Drink

Digestion

We all know that the stomach secretes acid.  The acid is hydrochloric acid, HCl, which is classified by chemists as a strong acid.  What is not realized by most people is the fundamental role that carbon dioxide plays in this physiological process.

We begin by setting the scene in the “parietal” cells, the ones which lines the walls of the stomach.  Our main characters are the following.  Inside these cells are water, dissolved carbon dioxide, hydrogen ions (H+), potassium ions (K+), carbonic anhydrase (a key enzyme in the process), and an intracellular structure called the mitochondrion whose chore is to produce a substance called ATP (adenosine triphosphate).  
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carbonic anhydrase

On the periphery of the cell, facing away from the stomach contents, are three receptor sites which are chemically constructed so as to recognize and bind three triggering agents: histamine, 
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acetylcholine and gastrin.  There are also large structures that pass through the wall of the cell and 

that conduct specific chemical species in or out of the cell.  One of these, on the side away from the side contacting the stomach contents, exchanges the chloride ion (Cl-) with the bicarbonate ion (HCO3-).  Three others, facing the stomach contents, are responsible, respectively, for exchanging H+ with K+ or with guiding K+ or H+ out of the cell and into the stomach.

Pro-Gly-Pro-Trp-Leu-Glu-Glu-Glu-Glu-Glu-Ala-Tyr-Gly-Trp-Met-Asp-Phe

Gastrin I (human)
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The sequence of events now goes something like this.  When the three receptors have been turned on by their dockings of histamine, acetylcholine, and gastrin, respectively, the enzyme carbonic anhydrase inside the cell binds water and carbon dioxide nearly simultaneously and hastens their re-arrangement into hydrogen ions and bicarbonate ions according to

H2O + CO2 ( H+ + HCO3-
The produced hydrogen ions migrate towards the stomach and the bicarbonate away from the stomach.  The potassium channel effectuates the transfer of potassium ions from inside the cell to the outside of the cell.  At the opposite wall, the bicarbonate ion finds the exchange structure that will allow it to pass out of the cell in exchange for chloride coming into the cell.  The hydrogen ions attach to one end of the H+/K+ exchanger at the stomach side of the cell wall and that exchange is powered by the conversion of mitochondrial-released ATP to ADP, a transformation that provides the needed energy.  K+ is brought back into the cell in exchange for H+ which is transferred to the stomach.  At essentially the same time, chloride ion inside the cell passes through its selective channel out into the stomach.

Reviewing what has transpired here.  K+ inside is transferred outside and then back inside.  Carbon dioxide is the agent that provides H+ inside the cell as needed, becoming bicarbonate as a consequence.  The bicarbonate leaves the cell in exchange for chloride that enters the cell, but on the opposite wall, chloride leaves the cell and enters the stomach contents.  The H+ from inside the cell also enters the stomach when K+ is swapped with it.  The overall effect is to use carbon dioxide to generate H+ ions which are secreted into the stomach along with chloride ions, providing the hydrochloric acid used in digestion.

When stomach acid exits the stomach and enters the intestine (the duodenum is the closest to the downstream part of the stomach), it causes the release of secretin , a hormone that in turn causes the pancreas to secrete fluid containing large quantities of bicarbonate: about 9 grams per liter.  What follows is neutralization of the hydrochloric acid as

HCl + HCO3- ( Cl- + H2O + CO2
The carbon dioxide is reabsorbed into the blood.  As a pH 7.4 buffer, the blood ensures that the CO2 is converted yet again into bicarbonate circulating with the rest of its kind.  And on passing back to the lungs, it is re-expelled as carbon dioxide gas.  If this cycle of neutralization did not follow the stomach’s acid production, ulcers would result from acid attack, most frequently in the duodenum.

Common over-the-counter remedies for “acid indigestion” take advantage of exactly the same chemistry just discussed.  Two such items are
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In Tums(, the active ingredient is calcium carbonate which follows the reaction

2 HCl + CaCO3 ( Ca2+ + 2 Cl- + H2O + CO2
Alka-Seltzer(, on the other hand, contains the combination of citric acid and sodium bicarbonate (NaHCO3).  When the tablet is placed in water, the famous effervescence that results is from the reaction of the citric acid with the bicarbonate to release carbon dioxide, essentially as shown above for hydrochloric acid.  It is not the bicarbonate in Alka-Seltzer( that brings about the neutralization.  When the bubbling is complete, sodium citrate remains in solution and this acts as a buffer to counteract the gastric acid of the stomach.
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