B.2 Antacids
OBJECTIVES:
1. State and explain how excess acidity in the stomach can be reduced by the use of different bases.

Hydrochloric Acid Production and Release
Stomach secretions include hydrochloric acid, gastrin, intrinsic factor, pepsinogen, and mucus.  Gastric secretion, including the secretion of hydrochloric acid (HCl), is controlled by a variety of neural and hormonal factors.  For example, the parasympathetic division of the autonomic nervous system supplies the stomach wall via branches of the vagus (10th cranial) nerves.  Vagal stimulation brings about contraction of the stomach muscle, release of hydrochloric acid and gastric juices from the tubular gastric glands, and secretion of the hormone gastrin from cells of the gastric mucosa.  Gastrin increases the flow of gastric juices.  As well as being released in response to neural stimulation, gastrin secretion is also triggered whenever food is present in the stomach.

The high concentration of hydrochloric acid in the stomach (pH usually between 1 and 3) has several effects: it begins to denature proteins, it activates pepsinogen in the gastric juices to become the digestive enzyme pepsin which further breaks down proteins in the food, and it also kills many of the bacteria ingested with the food.

The lining of the stomach is protected from the corrosive effects of the highly acidic contents by a film of mucus.  Peptic ulceration can arise when this protective barrier is breached, perhaps as a result of excess production of hydrochloric acid or due to the presence of the bacterium Helicobacter pylori, which is adapted to survive in the hostile environment.  When acid and pepsin penetrate the gastric mucosa, histamine (a signalling molecule) is released from the damaged tissues and becomes a potent stimulus to the parietal cells to secrete even more hydrochloric acid, thus accelerating the progression of the ulceration.

Antacids

Antacids are taken to treat dyspepsia - better known as indigestion or heartburn.  This occurs when stomach acid has caused inflammation or ulceration of the lining of the stomach, duodenum (upper small intestine), or gullet (oesophagus).  When acid flows back up into the gullet, it is known as gastro-oesophageal reflux disorder, or GORD for short.  A number of antacids and related remedies are available without prescription from pharmacies and supermarkets to treat this disorder.  They have a rapid onset and short duration of action, and are most appropriate for rapid relief of gastric discomfort for a short period of time.

Antacids are used to reduce acid levels in the body, particularly in the stomach.  They can be used to raise the pH of gastric contents to around pH 3 or 4. Most work by neutralising the acids in the stomach with different alkalis or bases.  Magnesium hydroxide (more commonly known as Milk of Magnesia) and Aluminium hydroxide are two commonly used antacids.  They are easily available as over-the-counter remedies for heartburn and other stomach pains.  The two medicines are similar in effect, however, magnesium hydroxide has a laxative effect while aluminium hydroxide causes constipation.  Both these drugs can be taken in various different forms, such as in tablets or as a liquid.  
Classes of Antacids

Antacids may be divided into two classes, those that work by chemical neutralization of gastric acid, most notably sodium bicarbonate; and those that act by adsorption of the acid (non-absorbable antacids), such as calcium and magnesium salts.

There is a wide range of antacids available. The main ingredients of antacids are:
· Aluminium hydroxide 

· Magnesium compounds 

· Calcium carbonate 

· Sodium bicarbonate 

· Potassium 

· Bismuth salts
Antacids sold over-the-counter may contain one or a combination of these products. For example, aluminium and magnesium salts are often combined to reduce the incidence of diarrhoea or constipation.
Aluminium hydroxide is indicated mainly for relief of dyspepsia and for treating reflux oesophagitis and peptic ulcer disease. Aluminium-containing antacids adsorb bile acids, various proteins, fluoride and phosphorus.  Aluminium compounds have the tendency to be constipating when used on their own.  Their property of binding bile salts may be a useful action in the treatment of bowel reflux problems.  Only a small amount of aluminium is absorbed, and is usually readily eliminated in the urine, unless renal function is impaired.
The trisilicate, hydroxide, carbonate, and oxide salts of magnesium are included in many antacid preparations, indicated for the relief of dyspepsia and the treatment of reflux oesophagitis and peptic ulcers.  Magnesium hydroxide offers rapid and prolonged antacid action with higher acid neutralising capacity than magnesium trisilicate.  Magnesium compounds tend to cause diarrhoea.  Absorption is dose-dependent – up to 5% may be absorbed with large doses.  Magnesium is eliminated renally and may accumulate in patients with renal impairment.

In practice, many proprietary preparations contain a mixture of aluminium and magnesium compounds which do not affect normal bowel habit as much as would their single components. They are also more palatable and may be more acceptable to the patient.

Alginates and Anti-foaming Agents

Alginates, such as sodium alginate, are another common ingredient of indigestion or heartburn remedies.  Sodium alginate forms a “raft” which floats to the top of the stomach, forming a barrier between the acid and the oesophagus, thus preventing acid refluxing into the oesophagus.  Antacids which contain alginates are particularly useful for heartburn caused by pressure on the stomach, eg during pregnancy. 

Alginate, which is a thick gel derived from algae, has been used together with aluminum antacids to treat heartburn.  Together, alginate gel and antacid are more effective at relieving symptoms and improving healing. 

Sometimes, a further ingredient, dimethicone is added to an antacid as an antifoaming agent to relieve gas by absorbing it.  Dimethicone (Simethicone) relieves flatulence and by defoaming the gastric juice reduces its tendency towards gastro-oesophageal reflux.
	Examples of commonly used antacids

	antacids
	aluminium salts, for example aluminium hydroxide
magnesium salts, for example magnesium trisilicate
sodium salts, for example sodium bicarbonate

	common additives
	foaming agents, eg: alginates
anti-foaming agents, eg: dimethicone (simethicone)
surface (local) anaesthetics, eg: oxethazaine


Rebound Effects and Disadvantages of Antacids

Sometimes antacids will cause your stomach to produce more acid, a condition called acid rebound, which worsens your gastrointestinal problem.  The gastric acid returns in greater concentration after the drug effect has stopped.  Antacids also change the pH environment of the gut, potentially causing an imbalance of friendly flora and putting you at risk for infection by the unfriendly types.  Some believe that antacids even help set the stage for infection with Helicobacter pylori, the bacterium that causes ulcers.  Also, since these antacids may contain high concentrations of sodium, they may be inappropriate in patients with hypertension.

Calcium and magnesium salts act by adsorption of the acid, and are less prone to the rebound effect, but may have other significant disadvantages.  These antacids are particularly prone to drug interactions, and patients taking other medications must often avoid simultaneous administration of the medications. 

Antacids have other disadvantages.  First, they suppress the activity of pepsin, a stomach acid required to digest protein.  Second, many of the products contain aluminum, a toxic heavy metal, which has been proven to be absorbable by the body.  Third, as some antacids primarily contain calcium carbonate, routine use can lead to excess calcium absorption, which in turn can contribute to kidney stones and other problems.  Calcium antacids can also produce acid rebound several hours later, causing the stomach to secrete even more acid to compensate for the earlier neutralization of its acidity.


Hydrochloric acid secretion assists protein digestion by activating pepsinogen to pepsin, renders the stomach sterile against orally-ingested pathogens, prevents bacterial or fungal overgrowth of the small intestine, encourages the flow of bile and pancreatic enzymes, and facilitates the absorption of a variety of nutrients, including folic acid, ascorbic acid, beta-carotene, non-heme iron, and some forms of calcium, magnesium, and zinc. Hydrochloric acid normally produced in the stomach to aid digestion is destroyed by the regular use of antacids.  Initially, use of antacids causes the body to produce more hydrochloric acid.  Parietal cells respond by making more acid, causing a rebound effect.  You're likely to take more antacids, further suppressing the acid your stomach needs. Continued use of antacids can exhaust parietal cells, so that the stomach produces less HCl.  

Neutralization Reactions

3HCl + Al(OH)3 → AlCl3 + 3H2O

2HCl + Mg(OH)2 → MgCl2 + 2H2O

