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Abstract Antacids are commonly used self-prescribed medications. They consist of
calcium carbonate and magnesium and aluminum salts in various compounds or
combinations. The effect of antacids on the stomach is due to partial neutralisation
of gastric hydrochloric acid and inhibition of the proteolytic enzyme, pepsin. Each
cation salt has its own pharmacological characteristics that are important for
determination of which product can be used for certain indications. Antacids have
been used for duodenal and gastric ulcers, stress gastritis, gastro-oesophageal
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reflux disease, pancreatic insufficiency, non-ulcer dyspepsia, bile acid mediated
diarrhoea, biliary reflux, constipation, osteoporosis, urinary alkalinisation and
chronic renal failure as a dietary phosphate binder. The development of histamine
H2-receptor antagonists and proton pump inhibitors has significantly reduced
usage for duodenal and gastric ulcers and gastro-oesophageal reflux disease.
However, antacids can still be useful for stress gastritis and non-ulcer dyspepsia.
The recent release of proprietary H2antagonists has likely further reduced antacid
use for non-ulcer dyspepsia. Other indications are still valid but represent minor
uses.

Antacid drug interactions are well noted, but can be avoided by rescheduling
medication administration times. This can be inconvenient and discourage com-
pliance with other medications. All antacids can produce drug interactions by
changing gastric pH, thus altering drug dissolution of dosage forms, reduction of
gastric acid hydrolysis of drugs, or alter drug elimination by changing urinary
pH. Most antacids, except sodium bicarbonate, may decrease drug absorption by
adsorption or chelation of other drugs.

Most adverse effects from antacids are minor with periodic use of small
amounts. However, when large doses are taken for long periods of time, signifi-
cant adverse effects may occur especially patients with underlying diseases such
as chronic renal failure. These adverse effects can be reduced by monitoring of
electrolyte status and avoiding aluminum-containing antacids to bind dietary
phosphate in chronic renal failure.

Antacids, although effective for discussed indications of duodenal and gastric
ulcer and gastro-oesophageal reflux disease, have been replaced by newer,
more effective agents that are more palatable to patients. Antacids are likely to
continue to be used for non-ulcer dyspepsia, minor episodes of heartburn (gastro-
oesophageal reflux disease) and other clear indications. Although their wide-
spread use may decline, these drugs will still be used, and clinicians should be
aware of their potential drug interactions and adverse effects.

Antacids have been available for many years.
However, their importance has declined since the
development of histamine H2 antagonists and more
recently proton pump inhibitors. Although there
are now drugs available that are much more effec-
tive than antacids at healing ulcers and relieving
the symptoms of gastro-oesophageal reflux, many
people buy antacids over-the-counter for symp-
tomatic relief of gastrointestinal complaints and
find them quite sufficient and satisfactory. Indeed,
in the US the annual expenditure on antacids ex-
ceeds 2 billion dollars. Whether the consumption
of antacids will fall with the availability of over-
the-counter H2 antagonists remains to be seen.

Among antacids there is a wide variability of
chemical composition, acid neutralising capacity
(ANC), adverse effects and drug interactions mak-

ing this an area where rational use of antacids in
particular circumstances is to be desired.

This article reviews the chemical composition
of various available antacids, and their clinical
pharmacology including drug interactions. It also
discusses the use of antacids in a variety of gastro-
intestinal and other diseases. Because antacids are
marketed under different names in different coun-
tries, proprietary names have not been used in this
review. Agents often thought of as ‘antacids’, but
without any significant ANC, such as Gaviscon®,
sucralfate and bismuth compounds have not been
included.

Antacids are salts of aluminum, calcium, mag-
nesium or sodium or a combination of these (table
I).
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1. Clinical Pharmacology

1.1 Potency and Activity

Antacids are inorganic, relatively insoluble salts
which when dissolved in the stomach partially neu-
tralise gastric hydrochloric acid. Antacid potency
is based on molar equivalency to neutralise a known
amount of gastric acid. Calcium carbonate is the
most potent on a weight basis followed by sodium
bicarbonate, then magnesium salts and aluminum
salts.

Antacid effects are due in part to the neutralisa-
tion of a portion of gastric acid, thus raising gastric
pH.[5] Generally, large doses of antacids are needed
to raise gastric pH significantly.[6,8] Both alumi-
num hydroxide and magnesium hydroxide also
bind bile acids with magnesium hydroxide having
a lesser degree of binding.[7-10] Antacid-induced in-
creases in gastric pH inhibit pepsin activity; there-
fore, its proteolytic activity is reduced. Inhibition
of pepsin activity is dependent upon the rise in
gastric pH and is maximally inhibited at approxi-
mately pH4. Aluminum hydroxide and calcium
carbonate have also been reported to directly ab-
sorb pepsin. Aluminum hydroxide and magne-
sium/aluminum hydroxides are also reported to
have cytoprotective effects.[1,7-10,11]In vitro studies
have indicated that cytoprotective effects are due

to an increase in gastric bicarbonate secretion and
both luminal and mucosal prostaglandin release. In
addition, mucous secretion and microvascular
blood flow are increased. Thus, antacid effects are
both dependent on and independent of ANC.[11]

1.2 Calcium Carbonate

Calcium carbonate dissolves slowly in the stom-
ach. It reacts with gastric hydrochloric acid to pro-
duce calcium chloride, carbon dioxide and water.
About 90% of the calcium chloride produced is
converted into insoluble calcium salts primarily
calcium soaps in the small intestine and is not ab-
sorbed.[1,7-10]Calcium salts can cause constipation.

1.3 Sodium Bicarbonate

Sodium bicarbonate is the most rapidly acting
antacid. It rapidly reacts with gastric hydrochloric
acid to produce sodium chloride, carbon dioxide and
water. Excess bicarbonate rapidly empties into the
small intestine and is then absorbed. Since endog-
enous bicarbonate is not needed in the small intes-
tine, a mild metabolic alkalosis with alkalinisation
of the urine may be seen following doses of sodium
bicarbonate. Sodium bicarbonate may produce gas-
tric distention, belching and flatulence due to the
rapid production of carbon dioxide. Because of the
high sodium load associated with ingestion of

Table I. Chemical composition of currently available antacids[1-4]

Name Chemical formula Acid neutralising capacity
(mEq/15mL of a commercially available product)

Aluminum hydroxide Al(OH)3 29

Aluminum carbonate Al2(CO3)3 36

Aluminum phosphate AlPO4 6

Calcium carbonate CaCO3 58

Dihydroxyaluminum aminoacetate NH2CH2COOAl(OH)2 17

Dihydroxyaluminum sodium carbonate (HO)2AlOCO2Na 8.5/tablet

Magaldrate [Mg(OH)2 + MgSO4 + Al(OH)3 + Al2(SO4)3] 33

Magnesium carbonate MgCO3 (Low – used in combination with other products)

Magnesium hydroxide Mg(OH)2 35

Magnesium oxide MgO 8-20 mEq/g

Magnesium trisilicate Mg2O8Si3 Low

Magnesium and aluminum hydroxides Mg(OH)2 + Al(OH)3 63a

Sodium bicarbonate NaHCO3 17

a From Maalox® (Drake and Hollander method).[4]
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sodium bicarbonate, it is not commonly recom-
mended as an antacid.[1,7-10]

1.4 Magnesium Salts

Magnesium hydroxide rapidly reacts with gas-
tric hydrochloric acid. This chemical reaction pro-
duces magnesium chloride and water. When mag-
nesium carbonate reacts with gastric acid, carbon
dioxide is formed in addition to the other reaction
products. Magnesium trisilicate dissolves slowly,
and reaction products from gastric acid are magne-
sium chloride, silicon dioxide and water. Because
of its slow dissolution it is not very effective in
raising gastric pH. Magnesium chloride has a bio-
availability of 15 to 30% and is excreted renally.
Magnesium is retained in renal impairment de-
pending upon the magnitude. Magnesium antacids
can produce a cathartic effect.[1,7-10]

1.5 Aluminum Salts

Aluminum hydroxide and aluminum oxide dis-
solve slowly in the stomach. They react with gas-
tric acid to produce aluminum chloride and water.
Aluminum carbonate or dihydroxyaluminium so-
dium carbonate produces carbon dioxide plus alu-
minum chloride and water. Aluminum phosphate and
gastric acid produce aluminum chloride and phos-
phoric acid. Aluminum chloride is 17 to 30% bio-
available in the small intestine and excreted ren-
ally. With impaired renal function, aluminum is
retained. Uraemic aluminum overload has been
associated with dementia.[1,7-10]

1.6 Phosphate Binding

Aluminum- and calcium-containing antacids com-
bine with dietary phosphate to form insoluble alu-
minum or calcium phosphate. The phosphate bind-
ing may result in decreased phosphate absorption
and cause hypophosphataemia and hypophosphat-
uria in patients with normal renal function. Alumi-
num hydroxide and calcium carbonate are used to
bind dietary phosphate in patients with chronic
renal failure. This reduces phosphate load and de-
creases the hyperphosphataemia seen in patients

with chronic renal failure. Calcium carbonate is the
preferred phosphate binder because of the demen-
tia associated with aluminum salts. Aluminum salts
and calcium carbonate commonly cause constipa-
tion.[1,7-10]

1.7 Duration of Action, Pepsin 
Absorption and Acid Rebound

With normally prescribed doses, antacids raise
gastric pH significantly compared with placebo,
but usually not above 4 or 5 except with massive
doses. Antacids raise pH immediately and have a
duration of action of up to 3 hours when given
with or 1 hour after a meal.[12] When ingested on an
empty stomach, the duration of action is 20 to 60
minutes. In addition to decreasing pepsin activity
by raising gastric pH, aluminum and calcium ant-
acids appear to adsorb pepsin and reduce its ac-
tions more than would be predicted by pH changes
alone.[5] Calcium carbonate is reported to produce
gastric acid hypersecretion and rebound due to a
local effect on gastrin producing cells.[13] How-
ever, recent studies have questioned this finding
because of the dose inequivalence when compared
with the other antacids.[14] In a recent study using
similar doses of antacids with and without calcium,
no rebound was found.[14] When antacid dose plus
the buffering capacity of food exceed gastric acid
production, excess bicarbonate is reabsorbed from
the duodenum stimulating more gastric acid pro-
duction and subsequent acid rebound. In the US,
all antacid products must neutralise at least 5 mEq
of gastric acid per dose.[1]

2. Therapeutic Uses

2.1 Duodenal Ulcer

2.1.1 Antacids vs Placebo
A number of controlled studies have examined

the effects of antacids versus placebo in healing duo-
denal ulcer.[15-20] All the studies compared magne-
sium/aluminum mixtures given usually as 6 to 7
doses per day but occasionally 4 doses per day.[19-20]

All the studies lasted for 4 weeks except one.[20]

In 5 of the studies, antacids were significantly supe-
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rior to placebo for ulcer healing. This was true
whether large doses of antacid were given (1000 mEq
ANC/day[15]) or small doses (120 mEq ANC/day).[19]

Healing rates for placebo varied from 24 to 45% in
these studies and for antacid from 74 to 88%. The
only study that failed to demonstrate superiority for
antacids[20] had a placebo response rate of 76% with
antacids, healing 92% and lasted for 6 weeks.

One study[20] attempted to identify the appro-
priate dose of antacid comparing 104, 207 and 414
mEq ANC/day with placebo. Healing rates of 46,
85 and 88% compared with the placebo rate of 24%
were observed. Because the 414 mEq regime was
associated with more diarrhoea, with no increased
response rate, the authors concluded that 207 mEq
ANC/day was the optimum dose.

The overall lack of a dose response to antacids is
somewhat surprising as Hunt et al.,[21] have found
in a meta-analysis that ulcer healing is related to
the number of hours in the day that gastric pH is
greater than 3. It may be that the antacid studies
have not been sufficiently large to demonstrate any
differences. However, none of the antacid regimens
increase nocturnal pH,[21] an important determi-
nant of ulcer healing with H2 antagonists. Thus, it
may be that daytime antacid regimens are able to
heal only a percentage of ulcers no matter how well
that daytime acidity is neutralised. Another possi-
bility is that the action on ulcer healing by antacids
is at least in part not related to their ability to act
as antacids. In animal studies antacids have other
effects including increasing tissue prostaglandins
and other cytoprotective effects.[19,22,23]However,
there are no data in clinical studies.

Interestingly, in these studies antacids were not
significantly better than placebo for symptom re-
lief. In the studies that examined this specifically,
two[15,16] found no differences and one[18] found
differences for 414 and 214 mEq ANC/day but no
difference for 104 mEq ANC/day.

2.1.2 Antacids vs H2 Antagonists
Numerous controlled trials have compared ant-

acids with H2 antagonists.[24-36] All these studies
compared magnesium and aluminum mixtures to
cimetidine 800, 1000 or 1200 mg/day or to ranitid-

ine 300 mg/day.[30,35] Studies lasted 4 to 6 weeks
or in one case 8 weeks.[36] As with the placebo studies
ANC varied widely from 88 to 1008 mEq/day. One
study found that the cimetidine 800 mg/day heal-
ing rate of 88% was better than the 44 mEq antacid
twice daily healing rate of 62%.[36] In all the other
studies healing rates for antacids were 52 to 96%
and were not different from those for H2 antago-
nists (59 to 100%). Again, there did not appear to
be a dose-related healing response rate to antacids
in these studies, but more diarrhoea was noted with
higher doses.

In the 6 studies that addressed symptom re-
sponse,[24,25,27,29,30,36]the same lack of difference
between antacids and H2 antagonist was noted.

In a single study comparing the ability of antac-
ids and H2 antagonists to prevent relapse of healed
duodenal ulcer, Bardham[37] compared placebo to
antacid 87 mEq ANC at night, 87 mEq twice daily
and cimetidine 400mg at night. Relapse rates after
1 year were lowest with antacid b.i.d and cimeti-
dine (23 and 25%, NS) and both were better than
antacid at night (39%, p < 0.05) or placebo (59%,
p < 0.01). Bianchi-Porro et al.,[38,39] in a small
study found that antacid 100 mEq ANC/day was
less effective than cimetidine 400mg at bedtime at
preventing ulcer relapse both at 6 and 12 months
(54 vs41% relapse rate).

2.1.3 Conclusions
These studies demonstrate that antacids are

more effective than placebo and as effective as H2

antagonists at healing duodenal ulcer disease.
However, like H2 antagonists they are not consis-
tently more effective than placebo at symptom re-
lief. In general, low-dose antacid regimens have
been shown to be as effective as high-dose regi-
mens, although no such study has been undertaken
in the US to establish whether that is true for that
population.

None of the studies cited above controlled for
the presence ofHelicobacter pylori, and only
some controlled for intake of nonsteroidal anti-
inflammatory drugs (NSAIDs). These variables
may well account for some of the differences in
response rates seen in these studies. Certainly,
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although antacids are effective in duodenal ulcer
disease, they have been superseded by other ap-
proaches. For ulcers associated withH. pylori,
antibacterial therapy with antisecretory therapy not
only produces more effective and rapid healing but
also cures the ulcer diathesis. For duodenal ulcers
associated with NSAIDs, misoprostol, H2 antago-
nists and proton pump inhibitors are the drugs of
choice.

2.2 Gastric Ulcer

2.2.1 Antacids vs Placebo
There are fewer data comparing antacids versus

placebo in patients with gastric ulcer than duo-
denal ulcer. Of the 4 studies[23,40-42]one[23] studied
only 16 patients and judged healing (including par-
tial healing) by barium studies. The others used more
conventional, modern methods and criteria. Trial
lengths lasted from 3 to 12 weeks and ANC, when
given, varied from 120 to 320 mEq ANC/day. Of
the 3 larger studies, only one[42] showed significantly
more healing with antacids, and the only study that
looked at symptoms suggested placebo was as
good as antacid for symptom relief.

2.2.2 Antacids vs H2 Antagonists
Five controlled trials have compared antacids

with H2 antagonists for healing of gastric ul-
cers.[29,41,43-45] These trials compared cimetidine
1000 to 1200 mg/day or ranitidine 300 mg/day[29]

with aluminum and magnesium hydroxides in dos-
ages of 100 to 328 mEq ANC/day and lasted be-
tween 4 and 8 weeks. Of the studies, all of which
were of adequate size, two[41,45] showed H2 antag-
onists to be superior to antacids while the other three
showed no difference, although H2 antagonists
were numerically superior to antacids for healing
in 2 studies.[29,44]Only one of these studies compared
symptom relief and found H2 antagonists to be supe-
rior,[29] but the antacid dose in this study was low
(100 mEq ANC/day).

2.2.3 Conclusions
Although the data are not conclusive, antacids

may well increase gastric ulcer healing rates, but
probably not as much as H2 antagonists. As with

duodenal ulcer studies very few of these trials
conrolled for NSAIDs and none controlled for the
presence ofH. pylori. More potent drugs have
superseded antacids in this disease.

2.3 Stress Gastritis

Severely ill patients in intensive care units are
at risk of developing multiple superficial lesions in
the stomach, particularly the body and fundus, that
can cause minor or major gastrointestinal bleeding.
These lesions are the result of mucosal ischaemia
that leads to intra-mucosal acidosis, loss of bicar-
bonate and mucus secretion and most importantly
back diffusion of hydrogen ions.[46] Gastric muco-
sal injury occurs in nearly all patients in intensive
care.[47] Most remain asymptomatic, up to 50% de-
velop occult bleeding (positive guaic testing), 6 to
25% develop overt bleeding[48] and 1 to 2% de-
velop clinically significant bleeding with a fall in
haemoglobin or need for transfusion or both.[49]

Many factors have been proposed that increase
the risk of stress gastritis. However, in a prospec-
tive study of more than 2000 patients the only in-
dependent factors were respiratory failure (odds
ratio 15.6) and coagulopathy (odds ratio 4.3). Hypo-
tension, renal failure, hepatic failure and sepsis ap-
parently had no effect. Patients with head injury,
extensive burns, organ transplants and a history of
recent ulcers or gastrointestinal bleeding were ex-
cluded as they received prophylactic therapy.[50] In
those patients with clinically significant bleeding
the mortality was 48.5%, not usually due to the
bleeding but because these patients were extremely
ill. Therapy directed at raising gastric pH above 4.0
has resulted in reduction in occult and overt bleed-
ing but results concerning clinically significant
bleeding were less clear.

2.3.1 Antacids vs Placebo
Many studies have compared antacids with pla-

cebo or no treatment for prevention of bleeding in
stress gastritis.[52-58] Studies used 85 to 360 mEq
ANC/hour of antacid and in most cases aimed to
keep pH above 4. The trials examined the effects
on occult[52-54] or overt[51,55-58]bleeding. Six of the
8 studies found antacids to be significantly better
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than placebo.[51-54,56-58]In a meta-analysis of such
studies Schuman[48] found antacids to be superior
to placebo for both occult (3.7vs27.3%) and overt
(3.3 vs15%) bleeding.

2.3.2 Antacids vs H2 Antagonists
Numerous studies have compared antacids to

H2 antagonists in stress gastritis.[54-64] Antacids
were given in doses of 27 to 612 mEq ANC/hr,
usually to raise gastric pH to greater than 4. Cimet-
idine 800 to 2400 mg/day was given for compari-
son. Only one study demonstrated a significant dif-
ference between treatment arms. Priebe et al.[59]

found antacids were significantly better than ci-
metidine. This study found that cimetidine was less
effective than antacids at raising gastric pH as also
occurred in other studies.[55,61,62]A meta-analysis
of antacids versus H2 antagonists by Schuman[48]

found that overall antacids were significantly more
effective than H2 antagonists at preventing occult
bleeding, but not at preventing overt bleeding.

2.3.3 Antacids vs Prostaglandins
In a single study in 46 patients, Skillman et al.[65]

found that antacid was superior to a prostaglandin
E2 analogue in preventing occult bleeding. In the
antacid group occult bleeding occurred in 14%
of cases and in the prostaglandin group bleeding
occurred in 50%.

2.3.4 Antacids vs Sucralfate
Several studies have compared antacids with

sucralfate 1g every 6 hours in the prevention of stress
gastritis bleeding.[66-71] Only one study showed a dif-
ference between the 2 treatments. Cannon et al.[69]

found antacids were significantly better than sucralf-
ate at preventing overt bleeding. The other studies
found no differences for occult[66,67,71]or overt[68,70,71]

bleeding.

2.3.5 Conclusions
In an attempt to reconcile the often conflicting

data in various studies, some of those involved in
these studies have undertaken a sophisticated
meta-analysis of 63 randomised trials.[72] They
concluded use of antacids led to a trend towards
less overt bleeding and less clinically important
bleeding than placebo, but these differences did not

reach statistical significance. Antacids were less
effective than H2 antagonists, but probably more
effective than sucralfate. However, sucralfate was
associated with lower rates of nosocomial pneu-
monia and lower mortality rates than H2 antago-
nists and antacids.[72] They concluded that further
studies of sucralfate versus H2 antagonists were
warranted.

Whether patients in intensive care units should
be given any prophylactic treatment to prevent
bleeding has been examined in a large prospective
Canadian study.[73] Their conclusion was that pro-
phylactic therapy should be given only to those at
high risk of bleeding.

2.4 Gastro-Oesophageal Reflux Disease

In the US, most antacids are taken because
of heartburn. However, there have been few pub-
lished studies of the use of antacids in this disease.
In a Gallup poll 44% of the US population stated
that they suffered from heartburn at least once per
month, and 7% had heartburn at least once per
week.[74] In a study of patients who took antacids,
the majority did so for heartburn.[75] Although
most people with mild heartburn self-medicate
with antacids, few studies have been performed.
Furthermore, such patients may not have mild dis-
ease and require other therapy. In a recent study of
155 patients who had never sought medical therapy
47 had erosive oesophagitis, 6 had Barrett’s oeso-
phagus and 1 patient had adenocarcinoma of the
oesophagus.[76] Furthermore, it is well recognised
that patients can present with strictures caused by
reflux with no antecedent heartburn, and the same
is true of patients with asthma, globus, pneumonia
or dental erosions, in whom the underlying abnor-
mality is that of gastro-oesophageal reflux.

It has been assumed that antacids work in reflux
disease in the same way they work in diseases of
the stomach and duodenum, that is by neutralising
gastric acid. However, that may not be true. Effi-
cacy of antacids in patients with heartburn does
not seem to be related to their neutralising capacity,
but to their ability to ‘stick’ within the oesophagus
and provide local intra-oesophageal antacid.[83]
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2.4.1 Antacids vs Placebo
Only 3 studies have compared antacids with pla-

cebo in patients with reflux disease.[77-80] These
studies used 560 to 592 mEq ANC/day, and lasted
2 to 6 weeks. Two studies examined healing rates
of oesophagitis and found no differences between
antacids and placebo.[77,80] Two of the studies doc-
umented symptom response, both found antacids
were superior[78,80] but in only one case was the
difference significant.[84]

2.4.2 Antacids vs H2 Antagonists
Data comparing antacids with H2 antagonists are

also sparse. These studies have compared cimetidine
1200 mg/day[81,82] or ranitidine 300 mg/day[79] with
antacid (595 to 700 mEq ANC/day) for between 6
and 12 weeks. These studies found symptomatic re-
sponse to be equal or better with H2 antagonists but
only in one case was the H2 antagonist significantly
better than antacid.[81] The same study was the only
study to show a greater mucosal improvement (not
necessarily healing) with H2 antagonists over ant-
acids.

In terms of symptom relief in gastro-oesophageal
reflux, antacids and H2 antagonists may well be com-
plementary when taken on an as needed basis. In a
crossover study in 25 volunteers using 24-hour
monitoring, calcium carbonate when taken after a
meal had an immediate effect on raising gastric pH
that lasted about 1 hour. The H2 antagonists had no
effect in the first hour but then raised pH for more
than 4 hours.[12]

2.4.3 Conclusions
Antacids have little effect on healing of erosive

oesophagitis, but are probably as effective or near-
ly as effective as H2 antagonists. For such patients
proton pump inhibitors have been demonstrated to
be much more effective.

For patients with milder disease antacids are
probably better than placebo and are nearly as ef-
fective as H2 antagonists. Because of the immediacy
of their effect antacids will continue to be useful to
patients with milder reflux disease, or for those with
more severe disease who experience breakthrough
symptoms on prescription drugs.

2.5 Pancreatic Insufficiency

In pancreatic insufficiency due to chronic pan-
creatitis, administration of pancreatic enzyme sup-
plements can reduce steatorrhoea and protein mal-
absorption. However, lipase is inactivated at pH <4
and pepsin is inactivated at pH <3.5. Because of
reduced pancreatic bicarbonate secretion in pa-
tients with chronic pancreatitis, the duodenum is
more acidic than normal. This results in less than
10% of administered enzyme supplement being
available to aid digestion and absorption. Admin-
istration of sodium hydroxide or aluminum hy-
droxide to such patients has been shown to reduce
steatorrhoea.[77] Conversely, administration of cal-
cium carbonate or magnesium hydroxide worsens
the steatorrhoea.[77,84]These antacids cause precip-
itation of calcium or magnesium soaps and bile
salts.[85,86] Currently, the activity of enzyme sup-
plements can be protected and upper gastrointesti-
nal pH controlled more effectively with either H2

antagonists or proton pump inhibitors, thus render-
ing antacids second line drugs in this circumstance.

2.6 Non-Ulcer Dyspepsia

Many patients take antacids for dyspepsia that
defies a definitive diagnosis and thus gets termed
non-ulcer dyspepsia. Many patients apparently
benefit from symptom relief with these agents.
However, there are no studies that provide any firm
data to support the use of antacids in this circum-
stance.

2.7 Bile Acid–Mediated Diarrhoea

Patients with a resection of the terminal ileum
or ileal disease such as in Crohn’s disease may de-
velop diarrhoea due to loss of the ability to reab-
sorb conjugated bile acids. When bile acids are not
reabsorbed in the terminal ileum and spill into the
colon they cause water secretion and stimulate
mucous secretion and colonic motility, resulting in
watery diarrhoea. Often this diarrhoea is worse in
the morning after the first meal of the day and im-
proves as the day goes on. A similar pattern of
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diarrhoea is sometimes seen after cholecystectomy
or after a vagotomy.

Aluminum and magnesium salts can each bind
bile acids in vitro.[87] However, aluminum salts
bind bile acids more tightly. Aluminum hydroxide
binds dihydroxy bile acids more avidly than trihy-
droxy bile acids. Glycine conjugates are more
tightly bound than taurine conjugates.[88] Alumi-
num hydroxide 30ml immediately upon arising in
the morning and at night has been shown to effec-
tively reduce cholorrheic diarrhoea.[89] Neverthe-
less, bile acid binding resins such as cholestyram-
ine and colestipol that were developed originally
for hypercholesterolaemia bind all bile acids more
avidly and are more effective than aluminum salts.

2.8 Biliary Reflux

Although gastro-oesophageal reflux of acid is
generally regarded as the most important factor in
reflux disease some authorities believe that reflux
of bile acids into the oesophagus may also be im-
portant in certain circumstances. Furthermore,
duodeno-gastric reflux of bile has been implicated
in gastric damage after gastric operations that in-
clude a pyloroplasty. Aluminum salts and chole-
styramine can be used in circumstances where bile
acids are thought to be playing a role, but studies
of efficacy have so far proven negative.[90]

2.9 Constipation

Of the antacids, calcium and aluminum salts are
often thought to cause constipation. However, studies
have shown no evidence for this.[91,92] Magnesium
salts tend to cause diarrhoea.[93] The absorbable ant-
acid sodium bicarbonate does not affect stool fre-
quency. The side effects of antacids may be used
to advantage in particular patients. If the patient
has a tendency to constipation then a magnesium
antacid might well be the best choice. In a patient
with a tendency to loose stools then calcium or alum-
inum antacids would be preferable.

2.10 Osteoporosis

Current studies suggest that most adults ingest
insufficient calcium, and that a diet supplemented
with calcium salts has a small beneficial effect on
the prevention or reduction of osteoporosis.[94] In
a patient who also needs an antacid, both needs can
be met by ingesting calcium carbonate.

2.11 Urinary Alkalinisation

In order to affect the acidity of urine the agent
must be absorbed. Sodium bicarbonate causes uri-
nary alkalinisation and a metabolic alkalosis. Al-
though regarded as a nonsystemic antacid, inges-
tion of magnesium hydroxide also increases urinary
pH, possibly through neutralisation of gastric
acid,[95] and increased available duodenal bicar-
bonate and its absorption. Increased urinary pH
increases urate solubility and reduces the risk of
urate stones. However, allopurinol, which prevents
the formation of urates from purines, has rendered
this approach obsolete.

2.12 Chronic Renal Failure

Bone disease in chronic renal failure can be
managed by controlling calcium and phosphate ho-
meostasis. A diet low in phosphate combined with
calcium carbonate 6 to 14 g/day taken with meals
to bind dietary phosphates can control serum phos-
phate. Serum calcium can be maintained by oral
calcium salts and vitamin D and can prevent the
secondary hyperparathyroidism, and osteodystro-
phy seen in patients with chronic renal failure.[96]

3. Drug Interactions

Drug interactions involving antacids[97-103] oc-
cur through 3 mechanisms; antacid binding of
another drug in the gastrointestinal tract, antacid
induced changes in gastrointestinal pH and urinary
pH. Antacids are thought to nonspecifically adsorb
drugs to their surface; for example, aluminum and
magnesium hydroxides impair the absorption of
phenytoin. Antacids with divalent or trivalent cat-
ions may complex with certain drugs reducing ab-
sorption. For example, magnesium, aluminum, and
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Table II. Antacid drug interactions

Drug Interaction (effect on drug in column 1) Mechanism

Allopurinol Decreased activity Unknown, adsorption suspected

Amphetamines Prolonged effect with NaHCO3 Decreased urinary elimination

ACE inhibitors Decreased captopril bioavailability (by 35-40%) Unknown, adsorption suspected

Oral anticoagulants (dicoumarol) Increased absorption (Mg(OH)2) Chelation

Enteric-coated aspirin Increased rate of absorption Enhanced drug release from dosage form

Benzodiazepines
(chlordiazepoxide clorazepate,
diazepam, temazepam, triazolam)

Delayed rate but not extent of absorption (Mg and
Al hydroxides)

Adsorption

β-Blockers:

propranolol, atenolol Decreased bioavailability and rate of absorption
(Al(OH)3 containing antacid)

Decreased rate of gastric emptying

atenolol Decreased bioavailability and prolonged half-life
(Ca-containing antacids)

Unknown

metoprolol Increased bioavailability (Mg- and Al-containing
antacids)

Unknown

Chloroquine Decreased absorption (AUC decreased by 18%
by Mg trisilicate)

Adsorption

H2 antagonists (reported for
cimetidine and raniditine, probably
occurs with others)

Decreased absorption Unknown, adsorption suspected

Corticosteroids (prednisone,
dexamethasone)

Decreased absorption Unknown, adsorption suspected

Diflunisal Decreased absorption (Al(OH)3 decreased
bioavailability by 25-40%; (Mg and Al hydroxides
decreased bioavailability by 15-20%)

Unknown, adsorption suspected

Digoxin Decreased absorption of digoxin Adsorption and faster gastric emptying

Erythromycin stearate Increased half-life Delayed absorption

Ethambutol Decreased absorption with Al-containing antacids Unknown, adsorption suspected

Indomethacin Decreased bioavailability Increased gastric pH resulting in increased
ionised indomethacin and less absorption

Iron preparations Mg trisilicate and carbonate antacids inhibit
absorption

Chelation

Isoniazid Al(OH)3 and magaldrate decrease bioavailability Chelation

Ketoconazole Decreased bioavailability Increased gastric pH resulting in decreased
dissolution in the stomach

Levodopa Decreased breakdown in the stomach, with
increased absorption

Increased gastric emptying rate

Lithium Decreased serum concentrations with NaHCO3 Alkalinisation of the urine enhances renal
clearance

Mecamylamine Increased effect on lowering blood pressure with
NaHCO3

Alkalinisation of the urine decreased urinary
elimination

Mefenamic acid Increased absorption with Mg(OH)2 Unknown

Methenamine Decreased antibacterial activity with NaHCO3 Alkalinisation of urine decreased
formaldehyde production in urine

Methotrexate Decreased effect with NaHCO3 Alkalinisation of the urine increases renal
clearance

Naladixic acid Decreased absorption of naladixic acid Increased pH resulting in ionisation of
naladixic acid and decreased ability to be
absorbed

Naproxen Antacids delay absorption and may alter
bioavailability (Mg and Al hydroxides decrease
bioavailability, NaHCO3 increases bioavailability

Unknown
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calcium antacids reduce the absorption of tetracy-
cline. The only antacid which does not appear to
bind to other drugs is sodium bicarbonate.

One overlooked, but commonly seen drug inter-
action, is antacid increase in gastric pH. This inter-
action can alter the degree of ionisation of the drug
(weak acids are more ionised and less absorbed,
weak bases are less ionised and more likely to be
absorbed). Furthermore, changes in gastric pH can
alter dissolution of drugs which are dependent
upon a low gastric pH for absorption. For example,
ketoconazole is dependent upon a low gastric pH

for disintegration and dissolution. Increasing gas-
tric pH significantly reduces the absorption of keto-
conazole. This interaction involves all antacids.

Some drugs may demonstrate enhanced absorp-
tion due to changes in gastric pH. Penicillins are
examples of drugs which are degraded by gastric
acid. Antacids which raise gastric pH have been
reported to increase the absorption of amoxicillin
(table II).

Antacids can also alter gastric motility. Levo-
dopa absorption is enhanced by antacids because
of faster gastric emptying and less acid induced

Table II. Contd

Drug Interaction (effect on drug in column 1) Mechanism

Nitrofurantoin Decreased absorption Increased pH resulting in ionisation of
nitrofurantion and decreased ability to be
absorbed

Penicillamine Decreased absorption and urinary recovery Chelation

Penicillin Increased and decreased absorption Increased pH resulting in increased ionisation
and decreased absorption. Also increased pH
resulting in less gastric acid degradation and
increased absorption

Phenothiazines Decreased absorption on orally administered drug
(Al(OH)3 decreased urinary excretion of
chlorpromazine by 10-48%, Mg trisilicate and
Al(OH)3 decreased serum concentrations of
chlorpromazine)

Adsorption

Phenytoin Decreased absorption in some patients Unknown, adsorption suspected

Procainamide May delay absorption in dogs with a reduced
maximum serum concentration

Unknown

Quinidine Increased urinary reabsorption with increased
serum concentrations

Increased urinary pH increases unionised
quinidine in the urine thus, increasing urinary
reabsorption

Salicylates Decreased serum concentrations due to decreased
urinary reabsorption

Increased urinary pH decreased urinary
reabsorption (less ionised)

Sodium polystyrene and
sulfonate resin

Increased serum alkalinisation Binds Mg and Ca preventing binding to
HCO3–, impairs neutralisation of gastric acid
and increases serum HCO3–

Sulphonamides Decreased absorption Increased gastric pH increases ionised
sulphonamide, thus decreasing absorption

Sulphonylureas [glibenclamide
(glyburide)]

Increased absorption with increased effect and
possible hypoglycaemia with Mg antacids

Unknown

Decreased effect with NaHCO3 Increased urinary pH increased renal
clearance

Sympathomimetics Increased effect with NaHCO3 Increased urinary pH decreased renal tubular
reabsorption

Tetracycline Decreased absorption of tetracycline (significant
interaction)

Chelation by binding with di- and trivalent ions

Decreased effect with NaHCO3 Increased urinary pH, increased renal
clearance

Valproic acid (sodium valproate) Increased bioavailability and aluminum-magnesium
hydroxide, calcium carbonate, and
aluminum-magnesium trisilicate antacid

Decreased clearance via unknown
mechanism
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degradation in the stomach. Drug dosage forms
which are dependent upon pH for dissolution may
have absorption altered by increased gastric pH.
Enteric-coated aspirin can prematurely dissolve
with resultant release of aspirin in the stomach in-
stead of the duodenum.

Magnesium- and aluminum-containing antacids
can raise urinary pH by one unit. This can alter the
ionisation of drugs in the renal tubule either en-
hancing or diminishing reabsorption. Weak acids
such as salicylates can become more ionised de-
creasing renal tubular reabsorption. Weak bases
such as quinidine become less ionised increasing
tubular reabsorption.

4. Adverse Effects

Considering the widespread nonprescription
use of antacids, adverse effects[1,7,10,104-108] are
minimal for individuals with normal renal func-
tion. This is probably because of the use of low
doses and sporadic use by patients. Adverse effects
are of greater significance with higher dosages and
prolonged use. Adverse effects are related to the
specific action.

Although questioned (see section 2.9) the most
common adverse effect of aluminum-containing
antacids is constipation. This may progress to in-
clude intestinal obstruction, faecal impaction and
development of haemorrhoids and anal fissures.
The formation of insoluble aluminum salts appears
to produce the constipating effect. In addition, be-
tween 17 to 30% of the aluminum chloride produc-
ed from the reaction with gastric hydrochloric acid
and aluminum hydroxide is systemically absorbed.
In patients with normal renal function, the alumi-
num is rapidly eliminated; however, in patients
with impaired renal function, aluminum can be
retained in the brain and other tissues.

When aluminum hydroxide was used to bind ex-
cess phosphate in the gut of hyperphosphataemic
renal failure patients, these patients were unable to
clear the aluminum which resulted in hyperalumin-
iumaemia. The accumulation of aluminum in the
brain produced neurotoxicity manifested as enceph-
alopathy in patients on chronic haemodialysis.

This was also known as ‘dialysis dementia.’Because
aluminum-containing antacids, except aluminum
phosphate, bind phosphate in the intestine by form-
ing insoluble phosphate salts, too much phosphate
may be bound resulting in hypophosphataemia.
The symptoms of phosphate depletion are nonspeci-
fic and include anorexia, malaise, and muscle weak-
ness. Long term use of aluminum-containing antacids
at high doses with resultant phosphate binding can
lead to calcium resorption from bone with resul-
tant osteomalacia, osteoporosis, and fractures.

Calcium-containing antacids have been noted to
cause constipation, belching and flatulence. Con-
stipation as an adverse drug reaction also has been
questioned (see section 2.9). Belching and flatu-
lence from calcium carbonate is due to the release
of carbon dioxide as the result of the chemical re-
action of calcium carbonate and gastric hydrochlo-
ric acid. Ingestion of calcium carbonate when com-
bined with milk intake and vitamin D ingestion can
lead to milk-alkali syndrome (discussed later). Pro-
longed ingestion of large doses of calcium carbon-
ate >20 g/day may produce hypercalcaemia. In
patients with impaired renal function, doses as low
as 4g per day of calcium carbonate may lead to
hypercalcaemia. This can be a concern since cal-
cium carbonate is now used almost exclusively in
the US to bind phosphate in renal failure patients
receiving chronic haemodialysis.

The most frequent adverse effect of magnesium-
containing antacids is diarrhoea. The diarrhoea
produced by magnesium is thought to be caused by
the poor absorption of the relatively insoluble mag-
nesium salts and the subsequent osmotic effect in
the bowel. It is dependent upon the dose and can
be severe, producing fluid and electrolyte imbal-
ances. Since 5 to 10% of the magnesium chloride
produced from the reaction of magnesium hydrox-
ide and gastric hydrochloric acid can be systemi-
cally absorbed, hypermagnesaemia may result in
patients with impaired renal function. Significant
hypermagnesaemia may depress the CNS and cause
cardiac arrhythmias. In patients with creatinine
clearances <30 ml/min, magnesium doses exceed-
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ing 50 mEq per day should only be used with fre-
quent electrolyte monitoring.

In the past, most antacids contained significant
amounts of sodium as a contaminant, which could
lead to sodium overload in susceptible patients caus-
ing congestive heart failure, ascites or renal im-
pairment. Most currently marketed antacids con-
tain less than 1mg (0.04 mEq) of sodium per 5ml.
However, individual products should be evaluated
for sodium content before use. With the use of
sodium bicarbonate, sodium overload can be a sig-
nificant factor in the aforementioned patient types.
Sodium bicarbonate, because of its immediate ef-
fect and subsequent carbon dioxide production can
also produce belching, gastric distention and flat-
ulence. In addition, excessive sodium bicarbonate
administration can cause systemic alkalosis and
alkalinisation of the urine. Milk-alkali syndrome
has also been seen with the use of sodium bicar-
bonate and milk products. Use of sodium bicarbonate
as an antacid should be discouraged.

The milk-alkali syndrome has been related to
previous therapy for peptic ulcer disease which
used high doses of antacid combined with milk.
The syndrome as described by McMillan and Free-
man[105] includes the acute onset of irritability, dis-
taste for milk, headache, occasional nausea and
vomiting, muscle ache, weakness and malaise. Im-
pairment of renal function including a decrease in
creatinine clearance and urinary concentrating ca-
pacity has also been observed. The syndrome has
a reported mortality of about 5%. It has been re-
lated to excess calcium absorption from calcium
carbonate, but has been seen with other antacids
combined with milk.

The mechanism for this syndrome is thought to
be due to the development of hypercalcaemia with
subsequent suppression of parathyroid hormone.
Thus, phosphate retention occurs with resultant
hyperphosphataemia. High levels of calcium and
phosphate precipitate in the kidney tubules result-
ing in renal damage and the subsequent decline in
creatinine clearance. With the current trends to ad-
vise increased calcium intake using calcium car-
bonate, patients should be advised to limit intake

of calcium carbonate to about 1200 mg/day (ap-
proximately 2 Tums®). As an alternative, calcium
supplementation can be made through adequate
milk (skim milk) or milk product (low fat yogurt)
intake. Adequate vitamin D intake is necessary to
absorb calcium, especially in the elderly, who are
likely to have low vitamin D levels.

Allergic reactions, including asthma, can be
seen because of the tartrazine dye in some antacid
products.

5. Conclusions

Although more effective drugs are available, ant-
acids continue to be taken in substantial amounts.
Considering their widespread use, antacids have
proved to be very safe. Nevertheless, in particular
patients the potential for adverse effects or drug
interactions exists. Awareness of these possibilities
is important as patients often fail to inform their
physician about antacid use unless specifically
asked.

Acknowledgements

The authors would like to acknowledge the assistance of
Ms Nancy Perrin in preparation of this manuscript.

References
1. Pinson JB, Weart CW. Acid-peptic products. In: Covington TR,

editor. Handbook of nonpre-scription drugs. Washington DC:
American Pharmaceutical Association, 1996: 193-224

2. Green FW, Norton RA, Kaplan MM. Pharmacology and clinical
use of antacids. Am J Hosp Pharm 1975; 32: 425-9

3. Nonprescription products: formulations & features ‘97-98. In:
Knodel LC, editor. Washington DC: American Pharmaceuti-
cal Association, 1997: 156-62

4. Drake D, Hollander D. Neutralizing capacity and cost effective-
ness of antacids. Ann Intern Med 1981; 109: 215-7

5. Fordtran JS, Collyns JAH. Antacid pharmacology in duodenal
ulcer. Effect of antacids on postcibal gastric acidity and peptic
activity. N Engl J Med 1966; 274: 92-7

6. Fordtran JS, Morawski SG, Richardson CT.In vivoandin vitro
evaluation of liquid antacids. N Engl Med 1973; 288: 923-8

7. AHFS Drug Information. In: McEvoy GK, editor. Bethesda
(MD): American Society of Health-System Pharmacists,
1998: 2374-9

8. Littman A, Pine BH. Antacid and anticholinergic drugs. Ann
Intern Med 1975; 82: 544-51

9. Mirrissey JF, Barreras RF. Antacid therapy. N Engl J Med 1974;
290: 550-4

10. Harvey SC. Gastric antacids and digestants. The pharmacolog-
ical basis of therapeutics. 6th ed. In: Goodman LS, Gillian A,
Gillian AG, editors. New York: Macmillan, 1980: 988-1001

Antacids Revisited: Their Current Role 867

 Adis International Limited. All rights reserved. Drugs 1999 Jun; 57 (6)



11. Tarnawski A, Hollander D, Gergely H. Antacids: a new perspec-
tive in cytoprotection. Scand J Gastroenterol 1990; 25 Suppl.
174: 9-14

12. Mullane J, Fung K, Starkey P, et al. A comparison of the effect
of a single dose of either calcium carbonate (1g) or tamotidine
(10 mg) on intragastric pH in normal healthy subjects [ab-
stract]. Gastroenterology 1997; 112: A246

13. Fordtran JS. Acid rebound. N Engl J Med 1968; 279: 900-5
14. Hurlimann S, Michel K, Inanen W, et al. No gastric acid re-

bound after intake of calcium carbonate containing antacid
Rennie liquid: a double blind comparison of placebo, Rennie
liquid and Maalox liquid [abstract]. Gastroenterology 1995;
108: A119

15. Peterson WL, Sturdevant RAL, Frankl HD, et al. Healing of
duodenal ulcer with an antacid regimen. N Engl J Med 1977;
297: 341-6

16. Lam SK, Lam KC, Lai CL, et al. Treatment of duodenal ulcer
with antacid and sulpiride: a double blind controlled study.
Gastroenterology 1979; 76: 315-22

17. Berstad A, Rydning A, Aadland E, et al. Controlled clinical trial
of duodenal ulcer healing with antacid tablets. Scand J Gas-
troenterol 1982; 17: 953-9

18. Kumar N, Vig J, Karol A, et al. Controlled therapeutic trial to
determine the optimum dose of antacids in duodenal ulcer
treatment. Gut 1984; 25: 1199-202

19. Weberg R, Berstad A, Lange O, et al. Duodenal ulcer healing
with four antacid tablets daily. Scand J Gastroenterol 1985;
20: 1041-5

20. Lublin H, Amiri S, Jensen HE. Antacids in the treatment of
duodenal ulcer. Acta Med Scand 1985; 217: 111-6

21. Hunt RH, Burget DW, Chiverton SG. Is there an optimal degree
of acid suppression for healing of duodenal ulcers? A model
of the relationship between ulcer healing and acid suppres-
sion. Gastroenterology 1990; 99: 345-51

22. Peterson WL, Barnett C, Feldman M, et al. Reduction of twenty-
four hour gastric acidity with combination drug therapy in
patients with duodenal ulcer. Gastroenterology 1979; 77:
1015-20

23. Hollander D, Tarnawski A, Gergely H. Protection against alco-
hol-induced gastric mucosal injury by aluminum-containing
compounds-sucralfate, antacids and aluminum sulfate. Scand
J Gastroenterol 1986; 21 Suppl. 125: 151-5

24. Ippoliti AF, Sturdevant RA, Isenberg JI, et al. Cimetidine versus
intensive antacid therapy for duodenal ulcer: a multicenter
trial. Gastroenterology 1978; 74: 393-5

25. Fideli G, Anti M, Rapaccini GL, et al. A controlled study com-
paring cimetidine treatment to an intensive antacid regimen
in the therapy of uncomplicated duodenal ulcer. Dig Dis Sci
1979; 24: 758-62

26. Korman MG, Shaw RG, Hansky J, et al. Influence of smoking
on healing rate of duodenal ulcer in response to cimetidine or
high dose antacid. Gastroenterology 1981; 80: 1451-3

27. Ippoliti A, Elashoff J, Valenzuela J, et al. Recurrent ulcer after
successful treatment with cimetidine or antacid. Gastroenter-
ology 1983; 85: 875-80

28. Hentschel E, Schuetze K, Dutek W. Relapse rates of duodenal
ulcer healed with concentrated antacid or cimetidine. Hepato-
gastroenterology 1984; 31: 266-8

29. Bezuidenhout DJ, Perold JG, Adams G. A comparison of 4-
week peptic ulcer healing rates following treatment with ant-
acids and ranitidine. S Afr Med J 1984; 65: 1007-9

30. Lauritsen K, Bytzer P, Hansen P, et al. Comparison of ranitidine
and high dose antacid in the treatment of prepyloric or duo-

denal ulcer. A double blind controlled trial. Scand J Gas-
troenterol 1985; 20: 123-8

31. Kassir ZA. Endoscopic controlled trial of four drug regimens in
the treatment of chronic duodenal ulceration. Ir Med J 1985;
78: 153-6

32. Lux G, Hentschel H, Rohner HG, et al. Treatment of duodenal
ulcer with low dose antacids. Scand J Gastroenterol 1986; 21:
1063-8

33. Bianchi-Porro G, Parente F, Lazzaroni M, et al. Medium dose
antacids versus cimetidine in the short term treatment of duo-
denal ulcer. J Clin Gastroenterol 1986; 8: 141-5

34. Weberg R, Aubert E, Dahlgerg O, et al. Low-dose antacids or
cimetidine for duodenal ulcer? Gastroenterology 1988; 95:
1465-9

35. Hunter JO, Walker RJ, Crowe J, et al. Double blind randomized
multicenter study comparing Maalox TC tablets and ranitid-
ine in healing of duodenal ulcer. Dig Dis Sci 1991; 36: 911-6

36. Zaterka S, Cordiero F, Lyra LG, et al. Very low dose antacid in
treatment of duodenal ulcer: comparison with cimetidine. Dig
Dis Sci 1991; 36: 1377-83

37. Bardhan KD, Hunter JO, Miller JP, et al. Antacid maintenance
therapy in the prevention of duodenal ulcer relapse. Gut 1988;
29: 1748-54

38. Bianchi-Porro G, Lazzaroni M, Pace F, et al. Long-term low
dose antacid versus cimetidine therapy in the treatment of
duodenal ulcer recurrence. Scand J Gastroenterol 1986; 21:
1144-6

39. Parente F, Bianchi-Porro G, Canali A, et al. Double-blind ran-
domized, multicenter study comparing aluminum phosphate
gel with ranitidine in the short-term treatment of duodenal
ulcer. Hepatogastroenterology 1995; 42: 95-9

40. Butler ML, Gersh H. Antacidvsplacebo in hospitalized gastric
ulcer patients: a controlled double-blind investigation. Am J
Dig Dis 1975; 20: 803-7

41. Isenberg JI, Peterson WL, Elashhoff JD, et al. Healing of benign
gastric ulcer with a low dose antacid or cimetidine: a double-
blind randomized, placebo controlled trial. N Engl J Med
1983; 308: 1319-24

42. Rydning A, Weberg R, Lange O, et al. Healing of benign gastric
ulcer with low-dose antacids and fiber diet. Gastroenterology
1986; 91: 56-7

43. Englert E, Freston JW, Graham DY, et al. Cimetidine, antacid
and hospitalization in the treatment of benign gastric ulcer: a
multi-center double blind study. Gastroenterology 1978; 74:
416-25

44. Pace F, Broker HJ, Caspary W, et al. Therapie des ulcus
ventriculi met niedrig dosiertem antiacidumget und cimetidin.
Dtsch Med Wochenschr 1985; 110: 283-7

45. Sherbaniuk RW, Wensel RH, Bailey RJ, et al. Comparative
study of cimetidine and Mylanta II in the 6-week treatment of
gastric ulcer. J Clin Gastroerol 1985; 7: 211-5

46. Gottlieb JE, Menashe PL, Cruz E. Gastrointestinol complica-
tions in critically ill patients: the intensivist’s view. Am J Gas-
troenterol 1986; 81: 227-38

47. Wilcox CM, Spenney JG. Stress ulcer prophaxis in medical
patients: who, what, and how much? Am J Gastroenterol
1988; 83: 1199-211

48. Shuman RB, Schuster DP, Zuckerman GR. Prophylactic ther-
apy for stress ulcer bleeding: a reappraisal. Ann Intern Med
1987; 106: 562-7

49. Cook DJ, Fuller HD, Guyatt GH, et al. Risk factors for gastro-
intestinal bleeding in critically ill patients. Canadian Critical
Care Trials Group. N Engl J Med 1994; 330: 377-81

868 Maton & Burton

 Adis International Limited. All rights reserved. Drugs 1999 Jun; 57 (6)



50. Cook DJ, Reeve BK, Scholes LC. Histamine-2-receptor antag-
onists and antacids in the critically ill population: stress ul-
ceration versus nosocomial pneumonia. Infect Control Hosp
Epidemiol 1994; 15: 437-42

51. McAlhany JC, Comic L, Czaja AJ, et al. Antacid control of
complications from acute gastrointestinal disease after burns.
J Trauma 1976; 16: 645-8

52. Hastings PR, Skillman JJ, Bushnell LS, et al. Antacid titration
in the prevention of gastrointestinal bleeding. A controlled
randomized trial of 100 critically ill patients. N Engl J Med
1978; 298: 1041-5

53. Pinilla JC, Okeniuk FH, Reed D, et al. Does antacid prophylaxis
prevent upper gastrointestinal bleeding in critically ill pa-
tients? Crit Care Med 1985; 13: 646-50

54. Zinner MJ, Zuidema GD, Mignosa M. The prevention of upper
gastro-intestinal tract bleeding in patients in an intensive care
unit. Surg Gynecol Obstet 1981; 153: 214-20

55. MacDougall BR, Bailey RJ, Williams R. H2 receptor antago-
nists and antacids in the prevention of acute gastrointestinal
hemorrhage in fulminant hepatic failure: two controlled trials.
Lancet 1977; I: 617-9

56. Khan F, Parekh A, Patel S. et al. Results of gastric neutralization
with hourly antacids and cimetidine in 320 intubated patients
with respiratory failure. Chest 1981; 79: 409-12

57. Basso N, Bargarani M, Materia A, et al. Cimetidine and antacid
prophylaxis of the acute upper gastrointestinal bleeding in
high risk patients: controlled, randomized trial. Am J Surg
1981; 141: 339-41

58. Friedman CJ, Oblinger MJ, Suratt PM, et al. Prophylaxis of
upper gastrointestinal hemorrhage in patients requiring me-
chanical ventilation. Crit Care Med 1982; 10: 316-9

59. Priebe HJ, Skillman JJ, Bushnell LS, et al. Antacids versus
cimetidine in preventing acute gastrointestinal bleeding: a
randomized trial of 75 critically ill patients. N Engl J Med
1980; 302: 426-30

60. McElwee HP, Sirinek KR, Levine BA. Cimetidine affords pro-
tection equal to antacids in prevention of stress ulceration
following thermal injury. Surgery 1979; 86: 620-6

61. Stothert JC, Dellinger EP, Simonowitz DA, et al. Gastric pH
monitoring as a prognostic indicator for the prophylaxis of
stress ulceration in the critically ill. Am J Surg 1980; 140:
761-3

62. Martin LF, Max MH, Polk Jr HC. Failure of gastric pH control
by antacids or cimetidine in the critically ill: a valid sign of
sepsis. Surgery 1980; 103: 59-68

63. Weigelt JA, Aurbakken CM, Gewertz BL, et al. Cimetidinevs
antacid in prophylaxis for stress ulceration. Arch Surg 1981;
116: 597-601

64. Poleski MH, Spanier AH. Cimetidine versus antacids in the
prevention of stress erosions in critically ill patients. Am J
Gastroenterol 1986; 81: 107-11

65. Skillman JJ, Lisbon A, Long PC, et al. 15(R)-15-methyl prosta-
glandin E2 does not prevent gastrointestinal bleeding in seri-
ously ill patients. Am J Surg 1984; 147: 451-5

66. Borrero E, Margolis IB, Bank S, et al. Antacid versus sucralfate
in preventing acute gastrointestinal bleeding: a randomized
trial in 100 critically ill patients. Am J Surg 1984; 148: 809-12

67. Borrero E, Ciervo J, Chang JB. Antacidsvs Sucralfate in pre-
venting acute gastrointestinal tract bleeding in abdominal aor-
tic surgery: a randomized trial in 50 patients. Arch Surg 1986;
121: 810-2

68. Tryba M, Zevourou F, Torok M, et al. Prevention of acute stress
bleeding with sucralfate, antacids or cimetidine: a controlled

study with pirenzipine as a basic medication. Am J Med 1985;
79 Suppl. 2C: 55-61

69. Cannon LA, Heiselman DE, Gardner W, et al. Prophylaxis of
upper gastrointestinal tract bleeding in mechanically venti-
lated patients: a randomized study comparing the efficacy of
sucralfate, cimetidine, and antacids. Arch Intern Med 1987;
147: 2101-6

70. Tryba A. The risk of acute stress bleeding and nosocomial pneu-
monia in ventilated intensive care unit patients: sucralfate
versus antacids. Am J Med 1987; 83 Suppl. 3B: 117-24

71. Driks MR, Craven DE, Celli BR, et al. Nosocomial pneumonia
in intubated patients given sucralfate as compared with ant-
acids or histamine type 2 blockers: the role of gastric coloni-
zation. N Engl J Med 1987; 317: 1376-82

72. Cook DJ, Reeve BK, Guyatt GH, et al. Stress ulcer prophylaxis
in critically ill patients-resolving discordant meta-analyses.
JAMA 1996; 275: 308-14

73. Cook DJ, Fuller H, Guyatt GH for the Canadian Critical Care
Trials Group. Risk factors for gastrointestinal bleeding in crit-
ically ill patients. N Engl J Med 1994; 330: 337-81

74. Gallup Organization. A Gallup organization national survey:
heartburn across America. Princetown (NJ): Gallup Organi-
zation, 1988

75. Graham DY, Smith JL, Patterson DT. Why do apparently
healthy people use antacid tablets? Am J Gastroenterol 1983;
78: 257-60

76. Robinson M, Earnest D, Maton PN, et al. Frequent heartburn
symptoms should not be ignored in subjects who self treat
with antacids [abstract]. Gastroenterology 1996; 110: A241

77. Graham DY, Patterson DJ. Double-blind comparison of liquid
antacid and placebo in the treatment of symptomatic reflux
esophagitic. Dig Dis Sci 1983; 28: 559-63

78. Grove O, Bekker C, Jeppe-Hanson MG, et al. Ranitidine and
high dose antacid in reflux oesophagitis a randomized, placebo-
controlled trial. Scand J Gastroenterol 1985; 20: 457-61

79. Houcke P, Mattioli C, Carallo J, et al. Comparison of the effects
of Rocgel and anti-H2 on symptomatology of gastroesopha-
geal reflux without esophagitis. Ann Gastroenterol Hepatol
1995; 31: 264-7

80. Weberg R, Berstad A. Symptomatic effect of a low dose antacid
regimen in reflux oesophagitis. Scand J Gastroenterol 1989;
24: 401-6

81. Petrokubi RJ, Jeffries GH. Cimetidine versus antacid in Scle-
roderma and reflux esophagitis: a randomized double-blind
controlled study. Gastroenterology 1979; 77: 691-5

82. Cucchiara S, Staiano A, Romaniello G, et al. Antacids and cimet-
idine treatment for gastro-oesophageal reflux and peptic
oesophagitis. Arch Dis Child 1984; 59: 842-7

83. Decktor DL, Malcolm R, Maton, PN, et al. Effects of alumi-
num/magnesium hydroxide and calcium carbonate on eso-
phageal and gastric pH in subjects with heartburn. Am J Ther
1995; 2: 546-52

84. Regan PT, Malagelada JR, DiMagno EP, et al. Comparative
effects of antacids, cimetidine and enteric coating on the ther-
apeutic response to oral enzymes in severe pancreatic insuf-
ficiency. N Engl J Med 1977; 297: 854-8

85. Hofmann AF, Small DM. Detergent properties of bile salts:
connection with physiological function. Annu Rev Med 1967;
18: 333-76

86. Graham DY, Sackman JW. Mechanism of increase in steator-
rhea with calcium and magnesium in exocrine pancreatic in-
sufficiency: an animal model. Gastoenterology 1982; 83:
638-44

Antacids Revisited: Their Current Role 869

 Adis International Limited. All rights reserved. Drugs 1999 Jun; 57 (6)



87. Clain JE, Malagelada JR, Chadwick VS, et al. Binding proper-
tiesin vitro of antacids for conjugated bile acids. Gastroenter-
ology 1977; 73: 556-9

88. Cousar GD, Gadacz TR. Comparison of antacids on the binding
of bile salts. Arch Surg 1984; 119: 1018-20

89. Sali A, Murray WR, MacKay C. Aluminum hydroxide in bile-
salt diarrhea. Lancet 1977; II: 1051-3

90. Meshkinpour H, Elashoff J, Stewart H, et al. Effect of cholesty-
ramine on the symptoms of reflux gastritis: a randomized,
double blind, crossover study. Gastroenterology 1977; 73:
441-3

91. Clemens JD, Feinstein AR. Calcium carbonate and constipa-
tion: a historical review of medical mythopoeia. Gastroenter-
ology 1977; 72: 957-61

92. Saunders D, Sillery J, Chapman R. Effect of calcium carbonate
and aluminum hydroxide on human intestinal function. Dig
Dis Sci 1988; 33: 409-13

93. Strom M. Antacid side-effects on bowel habits. Scand J Gas-
troentorology 1982; 75 Suppl.: 54-55

94. Reid IR. The roles of calcium and vitamin D in the prevention
of osteoporosis. Endocrinol Metab Clin North Am 1998; 27:
389-98

95. Stemmer CL, Oster JR, Vaamonde CA, et al. Effect of routine
doses of antacid on renal acidification. Lancet 1986; 2: 3-6

96. Hruska KA, Teitelbaum SL. Renal osteodystrophy. N Engl J
Med 1995; 333: 166-74

97. Drug interaction facts. In: Tatro DS, editor. Facts and compari-
sons. 3rd ed. St Louis (MO): 1992

98. Welling PG. Interactions affecting drug absorption. Clin Phar-
macokinet 1984; 9: 404-34

99. Hurwitz A. Antacid therapy and drug kinetics. Clin Pharmaco-
kinet 1977; 2: 269-80

100. Hansten PD, Horn JR, Koda-Kimble MA, et al., editors. Prin-
ciples of antacid interaction. In: Drug interaction & updates
quarterly. Applied Therapeutics, Inc., 1993: 69-72

101. Hansten PD, Horn JR, Koda-Kimble MA, et al., editors. Antacid
drug interactions. In: Drug interaction & updates quarterly.
Applied Therapeutics, Inc., 1993: 137-51

102. Gugler AH. Effects of antacids on the clinical pharmacokinetics
of drugs: an update. Clin Pharmacokinet 1990; 18: 210-9

103. Lomaestro BM, Bailie GR. Absorption interactions with flouro-
quinolones. Drug Saf 1995; 12: 314-33

104. Walan A. Metabolic side effects and interactions. Scand J Gas-
troenterology 1982; 75 Suppl.: 63-71

105. McMillan DE, Freeman RB. The mild alkali syndrome: a study
of the acute disorder with comments on the development of
the chronic condition. Medicine 1965; 44: 485-501

106. Piper DW. A comparative overview of the adverse effects of
antiulcer drugs. Drug Saf 1995; 12: 120-38

107. Gibaldi M, Grundhofer B, Levy G. Time course and dose de-
pendence of antacid effect on the urine. J Pharm Sci 1975; 64:
2003-4

108. Gibaldi M, Grundhofer B, Levy G. Effect of antacids on pH of
urine. Clin Pharmacol Ther 1974; 16: 520-5

Correspondence and reprints: Dr Paul N. Maton, Digestive
Disease Research Institute, 711 Stanton L. Young Blvd, Suite
501, Oklahoma City, Oklahoma 73104, USA.

870 Maton & Burton

 Adis International Limited. All rights reserved. Drugs 1999 Jun; 57 (6)


	Contents 855
	Abstract 855
	1. Clinical Pharmacology 857
	1.1 Potency and Activity 857
	1.2 Calcium Carbonate 857
	1.3 Sodium Bicarbonate 857
	1.4 Magnesium Salts 858
	1.5 Aluminum Salts 858
	1.6 Phosphate Binding 858
	1.7 Duration of Action, Pepsin Absorption and Acid Rebound 858

	2. Therapeutic Uses 858
	2.1 Duodenal Ulcer 858
	2.1.1 Antacids vs Placebo 858
	2.1.2 Antacids vs H2 Antagonists 859
	2.1.3 Conclusions 859

	2.2 Gastric Ulcer 860
	2.2.1 Antacids vs Placebo 860
	2.2.2 Antacids vs H2 Antagonists 860
	2.2.3 Conclusions 860

	2.3 Stress Gastritis 860
	2.3.1 Antacids vs Placebo 860
	2.3.2 Antacids vs H2 Antagonists 861
	2.3.3 Antacids vs Prostaglandins 861
	2.3.4 Antacids vs Sucralfate 861
	2.3.5 Conclusions 861

	2.4 Gastro-Oesophageal Reflux Disease 861
	2.4.1 Antacids vs Placebo 862
	2.4.2 Antacids vs H2 Antagonists 862
	2.4.3 Conclusions 862

	2.5 Pancreatic Insufficiency 862
	2.6 Non-Ulcer Dyspepsia 862
	2.7 Bile Acid-Mediated Diarrhoea 862
	2.8 Biliary Reflux 863
	2.9 Constipation 863
	2.10 Osteoporosis 863
	2.11 Urinary Alkalinisation 863
	2.12 Chronic Renal Failure 863

	3. Drug Interactions 863
	4. Adverse Effects 866
	5. Conclusions 867
	Acknowledgements 867
	References 867
	Correspondence and reprints 870

