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Antibacterial drugs, such as quinolones, macrolides, ri­
fampin, isoniazid, and trimethoprim-sulfamethoxazole, 
can interact with other drugs in a wide variety of clini­
cally significant ways. They are frequently administered 
with other prescription and nonprescription medica­
tions. Antibacterial agents may interact by causing a 
change in the pharmacokinetics or pharmacodynamics 
of a second drug. In other cases, the antimicrobial may 
be affected by the action o f another drug. Interactions 
involving antimicrobials often result from alterations in 
the absorption o f the antimicrobial from the gastroin­
testinal tract or changes in the hepatic metabolism or re­
nal elimination o f the drugs concurrently administered.

While certain classes o f antibacterial drugs are known to 
interact with many other drugs, the interaction potential 
of most classes of antimicrobials is not uniform among 
members of the class. This diversity in interaction po­
tential provides the clinician with an opportunity to 
avoid potential interactions by means o f appropriate 
drug selection. An understanding of the common, clini­
cally significant drug interactions involving antibacterial 
agents will enable the physician to avoid unnecessary ad­
verse drug reactions.
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Many antibacterial agents have properties that predispose 
them to interactions with other drugs. Antibacterial 
agents can cause the drug interaction (acting as the “pre­
cipitant drug” ) or can themselves be affected (acting as 
the “object drug” ). Some o f these interactions, such as 
the inhibition o f tetracycline absorption by antacids, are 
well known, whereas others are more obscure and often 
overlooked. Drug interactions can be either pharmacoki­
netic or pharmacodynamic in nature. Pharmacokinetic in­
teractions are most commonly described and occur when 
pharmacokinetic factors (eg, clearance, volume of dis­
tribution, half-life) o f  the object drug are altered. A 
pharmacodynamic drug interaction occurs when the 
concentration-effect relationship o f the object drug is 
changed. Some interactions, such as that occurring be­
tween quinolones and theophylline, may involve both 
pharmacokinetic and pharmacodynamic changes. The 
clinical importance o f a drug interaction to a given patient 
depends not only on the inherent danger of the drug
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combination, but also on the presence o f predisposing 
factors: dose and duration of therapy with the drugs, 
sequence of administration, timing of doses, route o f ad­
ministration, monitoring planned for the patient, other 
drugs the patient is receiving, presence or absence o f pre­
disposing diseases, pharmacogenetics, and the reason for 
using the drug(s). Thus, the same interacting drug com­
bination can produce a serious adverse outcome in one 
patient and no adverse effect in another. This review high­
lights antimicrobial interactions that have the potential to 
produce adverse outcomes. Drugs included in the discus­
sion are quinolones, macrolides, rifampin, isoniazid, met­
ronidazole, penicillin, tetracycline, cephalosporins, chlor­
amphenicol, and trimethoprim-sulfamethoxazole.

Quinolone Interactions
Quinolone antimicrobials interact with various other 
drugs in clinically important ways (Table 1). These inter­
actions usually involve either an inhibition of quinolone 
absorption or quinolone-induced inhibition o f the me­
tabolism o f another drug. As with most drug classes, 
quinolone antimicrobials have similar therapeutic proper­
ties but differ in their potential for interaction with other
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Table 1. Quinolone Drug Interactions o f  Potential Clinical 
Importance

Interacting
Drug Comments

Antacids Reduced absorption of all available quinolones. 
F.ffect may be large, so it is best to avoid antacids 
in patients receiving these drugs. I f  combination 
is given, separate doses by at least 2 hours, and 
give quinolone first.

Caffeine Ciprofloxacin and enoxacin inhibit caffeine 
metabolism, thus increasing caffeine plasma 
concentrations. Norfloxacin probably has less 
effect; neither ofloxacin nor lomefloxacin appears 
to affect caffeine metabolism.

Cyclosporine Data are conflicting although case reports suggest 
that ciprofloxacin and norfloxacin can increase 
cyclosporine plasma concentrations and /o r 
increase the risk o f nephrotoxicity.

Pharmacokinetic studies suggest no interaction. 
Ofloxacin does not appear to affect cyclosporine 
pharmacokinetics.

Didanosine Buffers in didanosine can markedly reduce the 
gastrointestinal absorption of ciprofloxacin; other 
quinolones are probably similarly affected.

Iron Reduced absorption of ciprofloxacin and probably 
other quinolones. Effect may be almost as large as 
with antacids.

Multivitamins with zinc produce only a small 
reduction in ciprofloxacin absorption.

Sucralfate Marked reduction in absorption of norfloxacin, 
ciprofloxacin, and probably other quinolones. 
Avoid combination if possible.

Theophylline Enoxacin: Large reduction in theophylline 
clearance; theophylline toxicity likely.

Ciprofloxacin: Moderate reduction in theophylline 
clearance; theophylline toxicity may occur in 
susceptible patients.

Norfloxacin: Usually small reduction in theophylline 
clearance, but some cases o f severe theophylline 
toxicity reported.

Lomefloxacin and ofloxacin: Little or no effect on 
theophylline clearance.

Warfarin Several cases o f enhanced hypoprothrombinemic 
response reported with ciprofloxacin, norfloxacin, 
and ofloxacin but more data are needed.

drugs. The most pronounced o f these differences can be 
seen in their inhibition o f the metabolism o f other drugs.

Inhibition o f Quinolone Absorption
Trivalent and divalent cations, including calcium, magne­
sium, aluminum, zinc, and iron, have been shown to 
reduce the absorption o f quinolone antimicrobials, possi­
bly by chelation o f the cation and the quinolone mole­
cule.1-10 This may result in a dramatic reduction in the

bioavailability o f the quinolone and a fall in serum con­
centration o f40% to over 90%. Ciprofloxacin,1 enoxacin3 
lomefloxacin,3 norfloxacin,4 and ofloxacin5 are affected bv 
divalent and trivalent cations found in antacids. Sucral­
fate, which contains aluminum, has been shown to dra­
matically inhibit the absorption of several quinolones 
including ciprofloxacin and norfloxacin.6-7 Iron salts and 
zinc can reduce ciprofloxacin bioavailability, although the 
magnitude is usually less than that observed with antacid 
administration. Typical reduction in quinolone bioavail­
ability due to  iron or zinc is approximately 20% to 65%.* 
Didanosine (D D I) tablets contain magnesium and alumi­
num buffers that have been shown to reduce by 98% the 
area under the plasma concentration-time curve of con­
currently administered ciprofloxacin.9 Even the calcium 
in milk and yogurt can reduce the bioavailability of cipro­
floxacin by about 30%.10'

The onset o f absorption interactions with the quino­
lones is rapid, with a decrease in antimicrobial concentra­
tion occurring within 1 or 2 days. There are few studies 
comparing the potential for various quinolones to interact 
with cations; however, the quinolones that have been 
tested exhibit a similar degree o f interaction.

Inhibition o f absorption can be avoided by adminis­
tering the quinolone at least 2 hours before or 6 hours 
after the antacid or other cation.1 Doses of an antacid or 
other precipitant drug administered closer in time to ad­
ministration o f the quinolone may produce a greater re­
duction in the quinolone serum concentration.

Quinolone-Induced Inhibition 
o f Drug Metabolism
Some quinolone antimicrobials are capable of inhibiting 
the metabolism o f other drugs, including theophylline, 
caffeine, and warfarin.

Interaction with T heophylline. The inhibitor)'ef­
fect o f  quinolones on theophylline metabolism has been 
well described.11-13 Theophylline and caffeine are metab­
olized by cytochrome P4501A2 (CYP1A2) in the liver. 
Some quinolones have been shown to inhibit the activity 
o f this enzyme, and thereby reduce the clearance of theo­
phylline and caffeine.14-15 Coadministration of theophyl­
line and any o f several quinolones can lead to an increase 
in theophylline serum concentrations and toxic reactions, 
including tachycardia, nausea, and seizures. It usually 
takes 2 to 3 days after the addition o f a quinolone to 
observe its maximum effect on plasma theophylline con­
centrations.

Quinolones exhibit large differences in their ability to | 
inhibit the metabolism o f theophylline. For example, 
enoxacin is the most potent inhibitor, with up to a 65?" 
reduction in theophylline clearance reported.16 There-
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fore, enoxacin should n ot be administered to  patients 
receiving theophylline because o f  the high likelihood that 
doing so w ould increase theophylline concentrations to  
toxic levels. Ciprofloxacin inhibits theophylline clearance 
by about 30%,n ’16 whereas norfloxacin, ofloxacin, and 
lomefloxacin usually produce a minimal effect. 13’17 I f  ei­
ther ciprofloxacin or enoxacin is given, the patient should  
be monitored for signs and sym ptom s o f  theophylline 
toxicity.

Patients with upper normal theophylline concentra­
tions before the initiation o f a quinolone are the most 
likely to develop adverse reactions. Elderly patients and 
patients with preexisting seizure disorders may be at in­
creased risk of developing an adverse reaction (ie, sei­
zure).18

Interaction  w it h  W a rfa rin . The mechanism by 
which quinolone antimicrobials affect warfarin is not 
known. It is suspected that quinolones inhibit the metab­
olism of warfarin, leading to accumulation o f the antico­
agulant and enhanced hypoprothrombinemic effects. Sev­
eral cases of increased anticoagulant response have been 
reported with ciprofloxacin,19 norfloxacin,20 and ofloxa­
cin.21 Other investigators have not found a significant 
effect of quinolones on warfarin or prothrombin 
times.22’23 Thus, it appears that an interaction of signifi­
cant magnitude occurs in only a few patients and any 
interaction between warfarin and the quinolones is un­
common. If an interaction occurs, it would likely take 5 to 
10 days to see the maximum effect o f the quinolone on 
the prothrombin time or international normalized ratios 
(INRs). Until more data are available, patients who are 
stabilized on warfarin should be monitored for changes in 

I their anticoagulation status when a quinolone is pre­
scribed. With any interaction involving warfarin, INRs 
should be monitored after 3 days and repeated as neces­
sary until a stable prothrombin time is established.

Macrolide Interactions
The currently available macrolide antimicrobials include 
erythromycin, troleandomycin, azithromycin, and clar­
ithromycin. The primary mechanism by which they inter­
act with other drugs is inhibition of hepatic microsomal 
metabolism, but the magnitude of this effect varies among 
the macrolides (Tables 2 and 3). A number of drugs, 
including theophylline, carbamazepine, methylpredniso- 
lone, and warfarin, have been reported to be inhibited by 
erythromycin and troleandomycin24 (Table 3). In most 

| cases, the mechanism o f the listed interactions involves 
| macrolide-induced inhibition o f metabolism. An excep­
tion is the increase in digoxin bioavailability caused by 
erythromycin’s suppression o f gut bacteria (Eubacterium
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Table 2. Inhibition o f Hepatic Drug Metabolism by Macrolide 
Antibiotics

Macrolide Comments
Azithromycin Early evidence suggests that azithromycin does 

not inhibit hepatic drug metabolism. It does 
not appear to interact with carbamazepine, 
theophylline, or terfenadine.

Clarithromycin Appears to act as an inhibitor o f hepatic 
metabolism, but relative potency compared 
with erythromycin not clear; it appears to 
inhibit the metabolism of theophylline, 
carbamazepine, and terfenadine.

Erythromycin Inhibits the metabolism of various drugs; is 
known to inhibit cytochrome CYP3A4, but 
may affect other isozymes of cytochrome P450 
as well.

Troleandomycin Inhibits hepatic drug metabolism; examples 
include carbamazepine, corticosteroids, and 
theophylline.

lentum).25 This interaction occurs in only about 10% of 
patients receiving the combination and usually is o f lim­
ited significance.

The mechanism by which the inhibition o f metabo­
lism occurs is somewhat complex. Erythromycin and 
troleandomycin actually induce some cytochrome P450 
drug-metabolizing enzymes in the liver. The induced en­
zymes then metabolize the macrolide to a nitrosoalkane 
metabolite, which forms a complex with the enzyme. This 
complex prevents the enzyme from metabolizing other 
drugs any further.26 The enzyme CYP3A4 appears to be 
most susceptible to inhibition by the macrolide antimi­
crobials.

Because interactions with macrolides feature this 
unique dual mechanism, the maximum effect is usually 
not apparent for several days. This probably explains why 
studies using 1 or 2 days o f erythromycin therapy have 
failed to report any effect on theophylline metabolism.27 
The maximum effect o f the macrolide on theophylline 
serum concentrations may not be observed for 5 to  7 
days.24 There is some evidence, however, that the effect of 
macrolides on object drugs other than theophylline may 
occur sooner.24

It is clear that troleandomycin produces some o f the 
largest effects on the clearance o f other drugs. For exam­
ple, troleandomycin has been reported to reduce the 
clearance o f theophylline by up to 50%,28 whereas eryth­
romycin tends to have a more modest effect (20% to 40% 
reduction) on theophylline.29’30 Clarithromycin has also 
been reported to decrease the clearance o f theophylline, 
and it has been recommended that plasma concentrations 
of theophylline be monitored in patients receiving theo­
phylline and clarithromycin concomitantly.31 Concentra-
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Table 3. Macrolide Drug Interactions o f Potential Clinical 
Importance

Interacting Drug Comments

Astemizole See terfenadine, below.

Benzodiazepines Erythromycin can considerably increase the serum 
concentrations o f oral midazolam and triazolam 
(both of these benzodiazepines are metabolized 
by CYP3A4).

Bromocriptine Preliminary study suggests that erythromycin 
markedly increases serum concentrations of 
bromocriptine.

Carbamazepine Marked increase in plasma carbamazepine 
concentration with toxicity noted in several 
cases; confirmed in healthy subjects. Probably 
due to inhibition of carbamazepine 
metabolism.

Cyclosporine Marked increases in plasma cyclosporine following 
erythromycin in several cases and in healthy 
subjects; probably due to inhibition of 
cyclosporine metabolism.

Digoxin Increased serum digoxin following erythromycin in 
selected patients (only 10% o f population appears 
to be at risk); mechanism appears to be 
erythromycin-induced reduction in the bacterial 
degradation of digoxin in the intestine.

Felodipine Isolated case reports suggest that erythromycin 
increases felodipine adverse effects (felodipine 
is metabolized by CYP3A4).

Lovastatin Isolated cases o f myopathy (muscle pain, weakness) 
with the combination of lovastatin and 
erythromycin but causal relationship not 
established.

Terfenadine Terfenadine undergoes extensive first-pass 
metabolism, so almost no parent drug reaches 
the systemic circulation.

Erythromycin and probably clarithromycin 
inhibit this metabolism, and the increased 
terfenadine serum concentrations can result in 
cardiac arrhythmias (eg, torsades de pointes). 
Early evidence suggests that astemizole can 
produce the same result if combined with 
erythromycin. Erythromycin also inhibits the 
metabolism of loratadine; however, loratadine 
does not appear to be cardiotoxic.

Theophylline Increased serum theophylline, usually beginning 
only after several days of erythromycin; effect is 
modest in many cases, but severe toxicity has 
occurred. Clarithromycin and troleandomycin 
also inhibit theophylline metabolism.

Warfarin Markedly enhanced hypoprothrombinemic 
response to warfarin following erythromycin 
noted in several cases; probably due to 
inhibition of warfarin metabolism. The 
interaction was less marked in controlled 
studies in healthy subjects.

tions o f the commonly administered antihistamine terfe 
nadine (Seldane) have been reported to more than doubt i 
with clarithromycin and with erythromycin.32 Clarithro­
mycin administration has also been associated with in- 
creased plasma concentrations o f carbamazepine.31 Un­
like the other macrolides, azithromycin does not appear 
to  cause any changes in the metabolism of other drugs3! 
(Table 2).

Drug interactions with macrolides can be avoided bv 
choosing alternative, noninteracting antimicrobials or se­
lecting a macrolide with minimal interaction potential 
eg, azithromycin. I f  microbial sensitivities mandate the 
use o f an interacting macrolide, the physician should keep 
in mind that the onset o f  the interaction may be delayed 
by several days in some cases.

Rifampin Interactions
Because o f the increasing use o f rifampin, especially in 
patients with the human immunodeficiency virus (HIV: 

infection who are often taking several drugs, it is impera­
tive that clinicians understand the interaction potential of 
rifampin.

Rifampin is a potent inducer o f hepatic metabolic 
enzymes, including CYP3A4 and CYP1A2. This broad 
range o f induction results in the susceptibility of a large , 
number o f  drugs to  rifampin-induced metabolic enhance­
ment (Table 4). Enzyme induction can occur within2to] 
4 days after initiation o f  rifampin therapy,33 causing an 
increase in the object drug’s metabolism and a reduction 
in its serum concentration, which may lead to loss of 
efficacy. The discontinuation o f rifampin will result in a 
return to pre-rifampin metabolic activity. Therefore, if a 
drug’s dosage was increased to  correct for the induction 
effects o f rifampin, the patient may be at risk of developing 
excessive drug concentrations if dosages are not read­
justed to pre-rifampin levels after cessation of rifampin 
therapy.

A number of the interactions listed in Table 4 have 
important clinical outcomes. The administration of ri­
fampin with verapamil or diltiazem, oral c o n tra c e p tiv e s , 

corticosteroids, cyclosporine, dapsone, warfarin, or theo­
phylline may result in a loss o f object-drug efficacy. Pa­
tients should be carefully monitored for reduced re­
sponse, and an increase in object drug dosage should be 

provided as needed.

Isoniazid Interactions
Like rifampin, isoniazid is primarily used to treat tuber­
culosis. However, isoniazid inhibits rather than induce
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Table 4. Rifampin Drug Interactions o f  Potential Clinical 
I Importance

Interacting
Drug
Antiarrhythmic

agents

Comments

Rifampin appears to substantially enhance the 
metabolism of several antiarrhythmic drugs such 
as disopyramide, mexiletine, propafenone, 
quinidine, and tocainide. An adjustment in 
antiarrhythmic dosage may be needed if rifampin 
therapy is initiated, discontinued, or changed.

Antifungal Rifampin can reduce plasma concentrations of
agents “ azole” antifungal agents such as fluconazole

(Diflucan), itraconazole (Sporanox), and 
ketoconazole (Nizoral), although the degree to 
which this would reduce the antifungal effect has 
not been established.

Table 4. Continued

Interacting
Drug Comments

Sulfonylurea Rifampin appears to enhance the hepatic
hypoglycemics metabolism of tolbutamide and glyburide. There

is little information on other oral hypoglycemics, 
but they may also interact with rifampin.

Theophylline Rifampin appears to stimulate the metabolism of
theophylline and may increase theophylline 
dosage requirements.

Warfarin Rifampin substantially reduced warfarin’s
hypoprothrombinemic response; adjustment of 
warfarin dosage is likely to be needed if 
rifampin therapy is initiated, discontinued, or 
changed.

Beta-adrenergic
blockers

Calcium channel 
blockers

Contraceptives,
oral

Corticosteroids

Cyclic
antidepressants

Cyclosporine

Rifampin appears to increase the hepatic 
metabolism of beta-blockers such as propranolol, 
metoprolol, and bisoprolol.

Rifampin appears to stimulate the hepatic 
metabolism of verapamil, diltiazem, and 
nifedipine; other calcium channel blockers may 
be similarly affected.

Rifampin may enhance the metabolism of 
contraceptive hormones, thus increasing the risk 
o f menstrual irregularities and unintended 
pregnancy.

Rifampin may enhance the metabolism of 
corticosteroids, increasing their dosage 
requirements.

Isolated case reports suggest that rifampin 
enhances the metabolism of cyclic 
antidepressants.

Numerous reports have described reduced 
cyclosporine serum concentrations due to 
rifampin. If  rifampin must be used, a substantial 
increase in cyclosporine dosage may be needed.

hepatic metabolism (Table 5). For example, isoniazid ad­
ministration can cause the serum concentrations o f car- 
bamazepine to increase twofold to threefold.34-35 Isonia­
zid begins to exert its inhibitory effects shortly after 
therapy is initiated, and carbamazepine toxicity has been 
reported after only a few days o f  concomitant isoniazid 
therapy. Phenytoin, another antiseizure drug, also shows 
increased concentrations after the administration o f iso­
niazid, especially in patients who are “ slow” acetylators of 
isoniazid. Therefore, phenytoin intoxication is more fre­
quent in patients receiving both isoniazid and phenytoin 
than in those receiving phenytoin alone.36

Patients with higher carbamazepine or phenytoin 
concentrations before isoniazid administration are likely 
at greatest risk o f developing an adverse reaction from this 
combination. Careful monitoring for evidence o f  toxicity 
o f the object drug will help avoid an adverse outcome.

Metronidazole Interactions
Dapsone

Digitalis
glycosides

Methadone

Phenytoin

Rifampin appears to substantially enhance the 
hepatic metabolism of dapsone in HIV-infected 
patients; the magnitude of the effect appears 
sufficient to reduce dapsone efficacy, but 
additional study is needed.

Rifampin may enhance the hepatic metabolism of 
digitoxin, substantially reducing its plasma 
concentrations. Rifampin may also reduce 
digoxin plasma concentrations, but the 
magnitude of the effect appears less since renal 
elimination is more important for digoxin than 
digitoxin.

Rifampin stimulates the metabolism of 
methadone and may result in withdrawal 
symptoms.

Rifampin may enhance the hepatic metabolism of 
phenytoin, reducing its plasma concentrations.

Metronidazole’s chemical structure contains an imidazole 
ring, which is found in many other drugs known to inhibit 
hepatic drug metabolism: for example, cimetidine, keto­
conazole, miconazole, and omeprazole. Thus, it is not 
surprising that metronidazole has been reported to act as 
an inhibitor o f drug metabolism.

Perhaps the most important interaction with metro­
nidazole involves warfarin. Metronidazole inhibits the 
metabolism o f warfarin, resulting in accumulation o f war­
farin and an enhanced anticoagulant effect.37 Therefore, 
this combination should be avoided if possible. However, 
if it is necessary to administer metronidazole to a patient 
stabilized on warfarin therapy, careful monitoring o f the 
prothrombin time and observation for excessive anticoag­
ulation are required. The maximum effect on warfarin 
response is usually observed within 5 to 7 days of metro-
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Table 5. Isoniazid Drug Interactions o f Potential Clinical 
Importance

Interacting
Drug Comments

Acetaminophen Hepatotoxicity has been attributed to the 
combined use o f acetaminophen and isoniazid, but 
a causal relationship has not been established.

Antacids Aluminum hydroxide gel may inhibit the 
gastrointestinal absorption of isoniazid. Magaldrate 
has been known to produce a weaker inhibition of 
isoniazid absorption, but little is known about the 
effect o f other antacids.

Carbamazepine Isoniazid can substantially increase serum 
concentrations o f carbamazepine especially with 
isoniazid doses of 200 m g/day or more.

Disulfiram Some patients on isoniazid and disulfiram have 
developed changes in affect and behavior, although 
a causal relationship has not been conclusively 
established.

Phenytoin Isoniazid predictably increases serum concentrations 
of phenytoin; toxicity may occur, especially in 
patients who are slow isoniazid acetylators.

Theophylline Isoniazid has been reported to produce modest 
reductions in theophylline clearance, and isolated 
cases o f theophylline toxicity have been reported.

nidazole administration, but the maximum change may 
not be seen for 2 weeks. Patients stabilized on warfarin 
have developed bleeding episodes after receiving m etro­
nidazole for 1 to 2 weeks; however, prothrombin times 
may change in as few as 2 to 3 days. Although some effect 
may occur, patients receiving single doses o f metronida­
zole are less likely to develop significant enzyme inhibi­
tion.

Penicillin Interactions
Although penicillin and its modern derivatives are still 
widely used antimicrobials, few interactions have been 
reported with this group o f agents. Both penicillins and 
methotrexate are eliminated by renal tubular secretion, 
and large doses o f penicillins can inhibit the renal clear­
ance o f methotrexate, which can cause an accumulation of 
methotrexate and toxicity even when low doses are 
used.38 A reduction o f the methotrexate dose may be 
required when a patient is receiving concomitant penicil­
lin therapy.

Most penicillin derivatives are extensively eliminated 
by renal tubular secretion, a process that is inhibited by 
probenecid. This effect can be used advantageously in the 
treatment o f certain infections, such as gonorrhea. Peni­

cillin toxicity could occur if probenecid is administered 
with large doses o f penicillin.

Nafcillin has been reported to  inhibit the efficacy of 
warfarin. Several patients have shown loss of hypopro- 
thrombinemic response during concomitant warfarin and 
nafcillin therapy,39 although the mechanism for this inter 
action is unknown. A similar interaction has been re­
ported following dicloxacillin administration, but infer ! 
mation regarding other penicillinase-resistant penicillins! 
is lacking. Until more data are available, patients stabi- 
lized on warfarin should be monitored for reduction in 
warfarin effect during treatment with nafcillin. If warfarin 
doses are increased during nafcillin therapy, the warfarin 
dose should probably be reduced when the course of! 
antimicrobials is finished.

Ampicillin and amoxicillin have been associated with 
menstrual irregularity' and, by association, with un- [ 
planned pregnancy in women taking oral contracep 
tives.40 It has been suggested that the mechanism respon 
sible for this effect is an interruption in the enterohepatk 
circulation o f  estrogens due to reduction in colonic bac 
teria. This interaction appears to occur in a limited num 
ber o f patients. Women with a low bioavailability of ethi­
nyl estradiol or intestinal flora that are particularly 
sensitive to ampicillin or amoxicillin may be particularly at | 
risk. Patients taking oral contraceptives should be coun 
seled regarding the risk o f contraceptive failure and of­
fered additional methods o f  birth control during cycles in 
which ampicillin or amoxicillin is administered.41

Tetracycline Interactions
As noted with ampicillin, tetracycline has also been asso­
ciated with spotting, breakthrough bleeding, and un­
planned pregnancy in patients taking oral contracep­
tives.40 Patients using oral contraceptives should be 
counseled regarding the risk o f contraceptive failure and 
offered additional methods o f birth control during cycles i 
in which tetracycline is administered.41 Narrow spectrum,' 
nonenzyme-inducing antibiotics would be least likely to 
reduce oral contraceptive efficacy.

Inhibition o f Tetracycline Absorption
Tetracyclines are well known to be susceptible to chela­
tion in the gut by divalent and trivalent cations, including 
aluminum, magnesium, calcium, and iron.42 Even a glass 
o f milk can reduce the bioavailability o f tetracycline by 
50% and significantly inhibit its efficacy. Other drugs con­
taining cations, such as sucralfate, also may inhibit the 
absorption o f tetracyclines. Doxycycline may be less sus­
ceptible to the effects o f food on its absorption, compare
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with other tetracyclines.43 Bismuth subsalicylate has also 
been reported to reduce tetracycline bioavailability.44 
These interactions can be avoided by administering 
the tetracycline 2 hours before the antacid- or cation- 
containing product, thus allowing complete antimicrobial 
absorption before the antacid is ingested.

Enhanced Hepatic Metabolism of Tetracyclines
Most tetracyclines are only minimally metabolized in the 
liver and, thus, are unlikely to be affected by hepatic en­
zyme inducers or inhibitors. Doxycycline, however, is me­
tabolized in the liver, and its plasma concentrations can be 
substantially reduced by concurrent therapy with such 
agents as carbamazepine, phenobarbital, phenytoin, and 
rifampin.45”47 Little is known regarding the effect o f these 
changes on the antibacterial response to doxycycline, but 
the magnitude o f  the changes suggests that they may be 
clinically important. It has been proposed that rifampin- 
induced stimulation o f doxycycline metabolism might be 
responsible for treatment failures in some patients with 
brucellosis.48

Cephalosporin Interactions
Cephalosporins are widely used anti-infective agents that 
appear to be involved in relatively few clinically important 
drug interactions.

Inhibition o f Cephalosporin Absorption
Cephalosporins do not appear to be particularly suscepti­
ble to alteration in absorption caused by drug interac­
tions. However, the gastrointestinal absorption o f two 
cephalosporins, cefpodoxime proxetil and cefuroxime ax- 
etil, seem to be pH-dependent. Therefore, antacids and 
H2-receptor antagonists can substantially reduce the ab­
sorption of these two cephalosporins.49”51 One would 
expect omeprazole, a profound suppressor o f gastric acid 
production, to produce a similar reduction in bioavailabil­
ity of these cephalosporins, but there are no data on this 
interaction. Oral iron dramatically reduces the gastroin­
testinal absorption o f cefdinir,52 but little is known about 
the effect o f iron on the absorption o f cephalosporins 
currently available in the United States.

When antacids bind with other drugs in the gastro­
intestinal tract, one can usually minimize the interaction 
by giving the object drug at least 2 hours before or 6 
hours after the antacid. Waiting up to 6 hours after ant­
acid administration may be necessary to ensure that the 
antacid has passed beyond the antimicrobial absorptive 
sites (small intestine). However, since the effect of ant­

acids on the bioavailability of cefpodoxime proxetil and 
cefuroxime axetil appears to be caused by increased gastric 
pH  rather than binding, it may not be necessary to  wait 
the full 6 hours after the antacid. Clinical studies are 
needed to establish the timing required to prevent this 
interaction. Avoiding the effect o f H 2-receptor antago­
nists on these cephalosporins can probably be accom­
plished by administering the cephalosporin when the ef­
fect on gastric pH  is minimal. For patients receiving an 
H 2-receptor antagonist administered as a single bedtime 
dose, gastric pH is highest throughout the night and 
immediately preceding meals.53 Cefpodoxime proxetil 
and cefuroxime axetil doses should not be administered 
during these times. Theoretically, the effect of larger 
doses of H 2-receptor antagonists or omeprazole would be 
more difficult to avoid, since their effect on gastric pH may 
be more persistent.

Inhibition of Cephalosporin Renal Elimination
Most cephalosporins are extensively eliminated by renal 
tubular secretion, a process that is inhibited by probene­
cid. Given the relative lack of dose-dependent toxicity of 
cephalosporins, however, it is unlikely that this interac­
tion would produce adverse effects.

Cephalosporin-Induced Disulfiram-like 
Reactions
Cephalosporins that contain an IC-methylthiotetrazole 
(NMTT) side chain (eg, cefamandole, cefoperazone, ce- 
fotetan, and moxalactam) have been associated with di- 
sulfiram-like reactions following alcohol ingestion. Symp­
toms typically include flushing, nausea, headache, and 
tachycardia. Since cefmetazole also has the NM TT side 
chain, it would be expected to produce this effect as 
well.54 Cephalosporins with the NM TT side chain have 
also been associated with hypoprothrombinemia and 
bleeding, a point that should be considered in patients 
receiving anticoagulants.54’55

Chloramphenicol Interactions

Chloramphenicol As an Inhibitor o f Drug 
Metabolism
Chloramphenicol inhibits the hepatic microsomal metab­
olism of some other drugs. For example, substantial in­
creases in phenytoin plasma concentrations have been 
reported in patients receiving concurrent chlorampheni­
col.56 Chloramphenicol also appears to inhibit the metab-
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Table 6. Trimethoprim-Sulfamethoxazole Drug Interactions 
o f Potential Clinical Importance

Interacting Drug Comments

Amantadine Isolated case reports suggest that this 
combination may result in adverse central 
nervous system effects (eg, confusion). Both 
amantadine and trimethoprim are secreted by the 
renal tubules and may compete for renal 
elimination.

Dapsone Increased serum concentrations of both dapsone 
and trimethoprim have been reported due to 
competition for renal elimination.

Methotrexate Isolated cases o f megaloblastic anemia have been 
reported, purportedly due to synergistic folic acid 
deficiency.

Phenytoin Increased serum phenytoin has been observed in 
subjects, but incidence of phenytoin toxicity has 
not been established.

Procainamide Trimethoprim substantially reduced renal 
clearance of both procainamide and its active 
metabolite (N-acetylprocainimide) in controlled 
studies; incidence of toxicity not established.

Sulfonylurea
hypoglycemics

Enhanced hypoglycemic effect of sulfonylureas 
has been reported. Rarely, trimethoprim- 
sulfamethoxazole alone has been associated with 
hypoglycemia.

Warfarin Well documented with substantial inhibition of 
warfarin metabolism in controlled studies; several 
cases of bleeding reported.

olism o f dicoumarol,57 chlorpropamide,58 and tolbu­
tamide.57 Chloramphenicol probably also inhibits the 
metabolism o f other drugs, but its relatively infrequent 
use limits our information about these interactions.

When possible, chloramphenicol should be avoided 
in patients receiving the aforementioned drugs. If  it is 
necessary to use chloramphenicol with these drugs, the 
patient should be monitored for altered object-drug effect 
after chloramphenicol is initiated and after it is discontin­
ued. The time course o f the interactions varies depending 
on the pharmacokinetics o f the object drug.

Trimethoprim-Sulfamethoxazole
Interactions
Both components o f the combination product tri­
methoprim-sulfamethoxazole (TM P/SM X) may interact 
with other drugs (Table 6). Trimethoprim is a weak base 
that may compete with other weak bases for active renal 
tubular secretion. There is also some evidence that tri­
methoprim can inhibit the hepatic metabolism o f other 
drugs. Sulfonamides may inhibit hepatic drug metabolism

and displace other drugs from plasma protein binding 
although the latter effect alone is usually insufficient to 
produce clinically important drug interactions.

TM P/SM X Renal Interactions

Trimethoprim appears to  compete with procainamide for 
active renal tubular secretion, thus substantially increas­
ing plasma concentrations o f  procainamide and its active 
metabolite N-acetylprocainamide (NAPA).59 The mag­
nitude o f  the effect is sufficient to  increase the risk of 
procainamide toxicity, and patients should be moni­
tored for altered procainamide concentrations if trimeth­
oprim is initiated, discontinued, or changed in dosage. 
Limited clinical evidence suggests that trimethoprim- 
sulfamethoxazole can increase the risk of adverse mental 
effects in patients receiving amantadine;60 this effect is also 
probably due to  the trimethoprim component.

Methotrexate toxicity has been reported in several 
patients following administration o f TMP/SMX.61-62 
Since methotrexate undergoes renal tubular secretion, 
and this process is affected by weak acids, such as aspirin 
and nonsteroidal anti-inflammatory drugs, it has been 
assumed that the sulfamethoxazole component is respon­
sible for the interaction. Nonetheless, an effect of tri­
methoprim has not been ruled out. In any case, it is 
generally best to avoid TM P/SM X  in patients receiving 
methotrexate. If  the combination is used, careful atten­
tion to  early detection o f methotrexate toxicity is essen­
tial.

TM P/SM X As an Inhibitor o f Drug Metabolism
Because both trimethoprim and sulfonamides are capable 
o f inhibiting hepatic drug metabolism, it is not always 
clear which component is responsible for a given interac­
tion. TM P/SM X  has been shown to substantially increase 
phenytoin plasma concentrations; in this case, the tri­
methoprim rather than the sulfamethoxazole appears to 
be responsible.63 TM P/SM X  has also been reported to 
increase the hypoglycemic effect o f sulfonylureas; in this 
case, sulfamethoxazole is the most likely cause.64 Compli­
cating the evaluation o f  the latter interaction is that 
TM P/SM X  alone has been associated with hypoglyce­
mia, although rarely.65 TM P/SM X  should probably be 
avoided in patients who are being treated with the anti­
coagulant warfarin because o f the risk o f hypoprothom- 
binemia and bleeding.66

Summary
Antibacterial agents interact with other drugs by a variety 
o f mechanisms, such as inhibition o f  gastrointestinal ab-
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sorption, alteration in gastrointestinal bacterial flora, he­
patic enzyme induction, hepatic enzyme inhibition, and 
alteration in renal elimination. Some of these interactions 
can cause clinically important adverse effects or inhibition 
of drug effects in predisposed individuals. It is important 
to identify potentially important drug interactions, assess 
the risk in specific patients, and then take appropriate 
measures in those found to be at risk. For more informa­
tion on the interactions described in this review, consult 
standard textbooks o f  drug interactions.67
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