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Introduction

Theophylline compounds are a pri-
mary form of treatment in patients
with chronic bronchitis and obstructive
pulmonary disease. When acute infec-
tious complications arise, antibiotics
are frequently added, and erythromy-
cin is often chosen in this clinical set-
ting. Recent studies have raised the
question of a possible erythromycin-
theophylline interaction (1-8). Al-
though some of the investigators have
found the addition of erythromycin to
result in a decreased theophylline clear-
ance (1-5), others have been unable to
confirm this (6-8).

Although several erythromycin prep-
arations exist (base, estolate, succinate,
Stearate), it does not appear that the
differences can be entirely explained on
this basis. Theophylline pharmacoki-
netic changes have been noted in all
breparations (1, 2). The duration of
erythromycin-theophylline therapy has
also been incriminated. Studies where
the duration of erythromycin therapy
was less than 5 days have shown no al-
teration of pharmacokinetics (6-8).
Other studies where erythromycin has
been given for 7 to 14 days have dem-
onstrated pharmacokinetic changes
(2-5). On the basis of these studies,
Jenne (9) has recommended an adjust-
ment of theophylline levels into the
lower end of the therapeutic range to
dm}mish the possibility of theophylline
toxicity when erythromycin is added.
All of these studies, however, have
beer} in either normal adults or asth-
matic children. It is well recognized
that disease states such as pneumonia,
heart failure, and critical illness may
alte{ theophylline kinetics (10, 11). Hy-
Poxia alone has been suggested to alter
theophylline metabolism (12). The
Pharmacokinetic effect of a theophyl-
!me~€rythromycin interaction in chron-
I¢ bronchitis and obstructive pulmo-
Nary disease has not been examined in
acrossover fashion. Recommended al-
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enzyme-mediated immunoassay technique. A 6-h urine collection was analyzed for theophylline
metabolites, using high-pressure liquid chromatography. Erythromycin significantly decreased
mean theophylline clearance by 22% from 4.9 Umin to 3.87 Umin (p < 0.05). Mean peak theophy!-
line levels increased 28% from 11.9 ug/ml to 15.3 ug/mi (p = 0.05). No change in urine theaphylline
metabolites was found. Patients with chronic bronchitis and obstructive pulmonary disease who
begin erythromycin while receiving a preexisting therapeutic theophylline regimen experience a
significant elevation of theophylline concentration, which predisposes to theophyliine toxicity.
For those patients with theophylline levels at the higher end of the therapeutic range (15 to 20
ug/ml), we recommend an initial 25% reduction in theophylline dosage when erythromycin is
added. Serum theophylline levels should be monitored for further refinement of dosage.
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terations may or may not be applicable
to the chronic bronchitic with air-flow
obstruction. The purpose of our study
was to examine the effect of erythro-
mycin on theophylline pharmacoki-
netics in adults with stable chronic
bronchitis and obstructive pulmonary
disease. We also examined urinary the-
ophylline metabolites before and after
the addition of erythromycin.

Methods

Twelve patients, 8 men and 4 women, were
studied. They ranged from 27 to 72 yr of
age, with a mean age of 54 yr. All patients
had chronic bronchitis, as defined by a pro-
ductive cough on most days for at least 3
months of the year in 2 consecutive years.
All patients had stable, mild-to-moderate
pulmonary disease as defined by a forced
expiratory volume in one second (FEV,) to
forced vital capacity (FVC) ratio less than
75% and an absolute FEV, greater than
1 L. The patients were free of known active
cardiac or hepatic dysfunction, and they
did not have any respiratory infections in
the month preceding the study. Informed
consent, as approved by Truman Medical
Center and the University of Missouri-Kan-
sas City School of Medicine Human Experi-
mentation Review Comhittees, was ob-
tained from each patient.

All patients were admitted to the hospital
on Day 1 to ensure compliance. A history,
physical examination, serum aspartate ami-

notransferase, lactic dehydrogenase, alka-
line phosphatase, and electrocardiogram
were done to rule out active cardiac or he-
patic disease. The diet was a standard xan-
thine-free diet given 1 h after medications.
There were no medical changes in the month

preceding the study, and the patients con-

tinued taking their usual medicine (with
the exception of theophylline products)
throughout the study. Each patient was
then randomized to one of two crossover
protocols. Six patients received erythromy-
cin stearate (Abbott Laboratories, Chicago,
IL) 500 mg orally every 6 h, whereas the
other 6 received placebo. Each patient re-
ceived aminophylline HCl (Searle Analyti-
cal, Inc., Des Plaines, IL) 4 mg/kg orally
every 6 h. After the eighth dose of amino-
phylline plus erythromycin or aminophyl-
line plus placebo, multiple blood samples
were collected in a heparinized tube at 0,
0.5 1,2, 3,4,6, 8 10, and 12 h. The
blood was immediately centrifuged and the
plasma separated. A 6-h urine collection
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was obtained after the eighth dose. The
urine and plasma samples were frozen at
—20° C until assayed. The subjects were
then discharged from the hospital for the
washout period and readmitted on Day 9.
Erythromycin-placebo crossover occurred
during the second phase of the study. The
blood and urine were collected and pro-
cessed on Day 11, as before.

Plasma theophylline levels were quantita-
tively analyzed using the enzyme-mediated
immunoassay technique (EMIT) (13). The
EMIT method is specific for theophylline in
the presence of metabolites (14). Individual
time versus plasma theophylline concentra-
tion curves were drawn by linear regression.
Area under the curve for the dosing interval
of 0 to 6 h (AUC¢) was calculated from
the individual time-theophylline curve using
the trapezoidal rule, and half-life was taken
from the terminal slope of the time-theoph-
ylline curve (15). Theophylline clearance
(Cl) was then calculated using the formula
Cl = dose/AUCo.¢. The urine was analyzed
for theophylline, 3-methylxanthine, 1-3 di-
methyluric acid, and 1-methyluric acid using
high pressure liquid chromatography (16).
Statistical significance was determined using
analysis of variance (17).

Results

One patient (Subject 8) became nause-
ated during the first phase of the study
while receiving erythromycin and ami-
nophylline. Both drugs were stopped
and an immediate plasma theophylline
concentration was 27 ug/ml. Insuffi-
cient time was available for this patient
to reach steady state at a lower amino-
phylline dose. Therefore, his participa-
tion i1 the study was terminated.

The addition of erythromycin af-
fected thie plasma theophylline concen-
tration at several time intervals (figure
1). Mean plasma concentrations were
higher in the presence of erythromycin,
and this difference was significant at 1
and at 4 h (p < 0.05). The 1-h mean
plasma theophylline concentration rose
52%, from 9.4 ug/ml to 14.3 ug/ml, in
the presence of erythromycin. The 4-h
mean level rose 26% from a baseline of
7.8 pug/ml to 9.9 ug/ml with erythro-
mycin. The theophylline concentration
at 30 min, and 2, 3, 6, 8, 10, and 12 h
did not differ significantly. The line
connecting data points was drawn by
visual approximation.

Peak plasma theophylline concentra-
tion, theophylline clearance, and the-
ophylline half-life with aminophylline
alone and with aminophylline plus
erythromycin, are shown in table 1.
The peak theophylline concentration
was higher while taking erythromycin
in all 11 patients. The mean peak the-

PLASMA THEOPHYLLINE
CONCENTRATION
{sg/ml)

REISZ, PINGLETON, MELETHIL, AND RYAN

MEAN PLASMA THEOPHYLLINE CONCENTRATION

Fig. 1. Mean plasma theo
phylline concentrations are
plotted against time for
aminophylline alone and
aminophylline plus erythro-
mycin.

TIME {HOURS)
* P<0.05
® Aminophyiline
© Aminophyttine + Erythromycin

ophylline concentration increased an
average of 28% from 11.0 ug/ml to
15.3 ug/ml (p = 0.0502). Theophylline
clearance decreased in 10 of 11 patients
in the presence of erythromycin.
Changes in clearance ranged from
+8% to —44%. Mean clearance de-
creased by 22% from 4.9 L/h with
aminophylline alone to 3.87 L/h with
aminophylline plus erythromycin (p <
0.05). Changes in theophylline half-life
with the addition of erythromycin were
more variable. Half-life decreased in 5
patients, increased in 5 patients, and
was essentially unchanged in 1 patient.
Urinary theophylline metabolites are
shown in table 2 for each patient with
aminophylline alone and with amino-
phylline plus erythromycin. The per-
centages are given as percent of urine
theophylline and theophylline metabo-
lites recovered. The addition of eryth-
romycin produced no significant al-

*

teration in the percent of urinary
theophylline, 3-methylxanthine, 1-3 di-
methyluric acid, or 1-methyluric acid
recovered.

Discussion

Concomitant use of erythromycip ?1nd
theophylline is increasing as physicians
become more aware of the role of
erythromycin-sensitive organisrr}s, such
as Mycoplasma and Legionellainacutt
bronchitis and pneumonia (18). At the
same time, data are beginning to acct-
mulate that suggest erythromycinalters
theophylline kinetics. Any erythrom-
cin-induced elevation of theophyllin
concentrations could increase the risks
of theophylline toxicity. )
Erythr;oinycin-induced elevations 0:
plasma theophylline congentrz}non
were first found in asthmatic chllq}:'i;‘
(1). Conflicting data follgwed ?’ogs
erythromycin-theophylline interactl

TABLE 1

THEOPHYLLINE KINETICS WITH AMINOPHYLLINE (A) AND
AMINOPHYLLINE PLUS ERYTHROMYCIN (A+E)

Peak Plasma

. If-life
. Theophylline, (ug/ml) Theophylline Clearance, (L/h) Theophylline He
Subject A+E
No.t A A+E A A+E A e
1 8.70 130 9.80 5.44 6.24 106
2 10.0 145 368 3.26 465 o
3 13.0 138 5.18 375 5.13 12
4 15.5 185 222 1.82 1.4 §50
5 122 230 4.47 272 5.68 408
6 11.0 116 556 6.02 4.85 546
7 125 133 5.58 3.86 541 673
9 145 16.0 3,00 253 5.59 666
10 9.50 13.0 5.80 5.32 7.1 597
11 115 126 5.87 483 5.97 570
12 130 190 318 2.97 587 g7 228
Mean 119 +£208 153 + 350 494 + 205 387 137 617 1.86Ns
p = 0.05 p <005

* Changes in theophylline peak plasma concentrations, clearance, and half-life caused b\; io
T Subject No. 8 became clinically toxic white taking erythromycin and aminophylline, and di

w7
ythromycin 8%
1 complete 7

et e s
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TABLE 2
URINARY THEOPHYLLINE METABOLITES AS PERCENT OF METABOLITES RECOVERED FOR AMINOPHYLLINE (A) AND
AMINOPHYLLINE PLUS ERYTHROMYCIN (A +E)*
subject Theophylline 3-methyixanthine 1-3 dimethyluric acid 1-methyluric acid
No.t A A+E A A+E A A+E A A+E
1 5.12 4.91 1741 16.8 49.6 49.8 282 285
2 7.16 7.65 14.8 13.2 49.4 50.9 286 283
3 19.4 1.38 139 14.3 413 515 252 328
4 1.9 9.81 142 12.7 42.0 52.9 319 246
5 5.05 9.64 15.2 120 49.2 56.2 305 227
6 8.58 7.49 15.8 13.8 48.8 50.2 26.8 285
7 6.02 12.6 16.9 14.5 45.3 45.0 318 279
9 19.8 12.3 8.24 104 39.1 374 33.0 39.2
10 1.6 26.1 18.6 109 417 419 28.0 211
1 13.4 13.8 18.1 12.6 39.0 42.8 295 309
12 4.98 6.14 124 16.1 51.0 49.7 316 28.1
Mean 10.3 + 549 10.2 + 4.42 15.0 + 293 148 + 247 45,1 + 4.61 48.0 = 5.58 296 + 245 284 » 547
NS NS NS NS

* There was no significant alteration of urinary theophyiline metabolites with the addition of erythromycin.
'Subject No. 8 became clinically toxic while taking erythromycin and aminophylline, and did not complete the protocol.

were studied in normal adults. Present-
ly, 3 studies have found that erythro-
mycin decreased theophylline clearance
(2, 3, 6), whereas 3 other studies did
not find any significant effect (6-8).
The form of erythromycin used does
not appear to be responsible for the
differences in results, as multiple forms
of erythromycin, including base, esto-
late, succinate, and stearate, have been
found to affect theophylline kinetics
(1, 2, 5). Also, the variable bioavail-
ability of oral erythromycin does not
appear to completely explain the dif-
ferent results, as intravenously admin-
istered erythromycin lactobionate failed
to alter theophylline pharmacokinetics
in one study (19).

The effect of erythromycin on the-
ophylline pharmacokinetics may not be
immediate, and this may explain the
different results found among the
studies of normal adults. Those that
found a significant decrease in theoph-
ylline clearance used erythromycin
given for a longer period, 7 to 10 days
(3, 5, 8), compared with those in
studies that found no significant effect
after giving erythromycin for only 1 to
5 days (6-8). Richer and coworkers
(20) recently reported that erythromy-
cin for 5 days decreased theophylline
clearance in patients with asthma, but
they found no effect in patients with
chronic air-flow obstruction. The rea-
son no difference was seen in patients
with chronic air-flow obstruction may
relate to the smaller number of subjects
(8) and to the lack of crossover design
in the study. Using a crossover design
in 12 patients, we found a consistent
and significant alteration of theophyl-
line pharmacokinetics after only 2 days

of erythromycin administration. Peak
plasma theophylline concentrations in-
creased in all 11 patients and theophyl-
line clearance decreased in 10 of 11 pa-
tients. The alteration in theophylline
kinetics were shown to occur earlier
(after only 2 days of erythromycin)
than in previous studies (3-5, 8, 20).
Because a study by our group using an
identical protocol failed to find any al-
teration of theophylline kinetics in nor-
mal subjects (7), our data from this
study of patients with chronic bronchi-
tis and obstructive pulmonary disease
suggest that the effect of erythromycin
on theophylline Kinetics may occur
earlier in these patients than in normal
subjects.

Although the mean theophylline
half-life increased 11% with the addi-
tion of erythromycin, this change did
not reach significance. The increase in
half-life was not proportionate to the
decrease in clearance caused by eryth-
romycin. As clearance and half-life are
related by the formula

volume of distribution x 0.693
t

Cl =

our findings suggest a decrease in the
volume of distribution. This is in con-
trast to the work of Prince and associ-
ates (3), who found essentially equal
changes in the half-life and clearance,
and, therefore, believed the volume of
distribution to be unchanged by eryth-
romycin. Like Prince and associates,
however, we did not directly measure
volume of distribution. It remains for
further studies to verify whether
changes in the volume of distribution
may, in whole or part, explain the

changes found in theophylline phar-
macokinetics.

Urinary theophylline metabolites were
analyzed to investigate the possibility
of altered metabolic pathways as a pos-
sible cause for the change in kinetics.
The finding of Danan and coworkers
(21) that erythromycin increased the
amount of inactive cytochrome P-450
in rats supports this theory. Because
this effect was time and dose depen--
dent, these data fit well with the studies
in humans, demonstrating an effect
only after erythromycin was given for
several days (3-35, 8, 20). There was,
however, no statistical change in the
urinary metabolites recovered. It should
be noted that we recovered an average
of 75% of the given dose as urinary
metabolites.

There are several possible explana-
tions for the suboptimal recovery of
theophylline metabolites. One likely
explanation is incomplete voiding or
collection of urine despite the patients
being hospitalized and assisted with
their urine collection. Theophylline has
been shown to be virtually 100% ab-
sorbed (22), and it is unlikely that
erythromycin would interfere with this
absorption in view of the elevated plas-
ma theophylline concentrations caused
by erythromycin.

We do not know specifically how
erythromycin alters theophylline kinet-
ics. If erythromycin selectively inhibits
theophylline metabolism, there should
be a quantitative alteration of metabo-
lites. If erythromycin exerts a non-
selective inhibition of theophviline
metabolism, the relative amount of un-
metabolized theophylline recovered in
the urine should increase. These
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changes were not found. A decrease in
the volume of distribution, as sug-
gested by the disproportionate changes
in half-life and clearance, could ex-
plain the increased plasma concentra-
tions and decreased clearance without
necessarily altering urine theophylline
metabolites, but this was not measured
directly. It is impossible to draw firm
conclusions from this small study on
the method by which erythromycin al-
ters theophylline kinetics; rather, we
can only say that we found no quanti-
tative alteration of urine theophylline
or theophyiline metabolites recovered.

We believe our results are directly
applicable to clinical practice, as our
study was designed to simulate the
most common clinical situation: the
patient with chronic bronchitis and ob-
structive pulmonary disease taking
medications orally at steady state. Be-
cause the toxic effects of theophylline
increase with higher theophylline con-
centrations (23, 24), decreased clear-
ance should increase theophylline toxic-
ity. Only Patient 8 in our study became
clinically toxic while taking erythromy-
cin and aminophylline, and he did not
complete the crossover phase of the
protocol. The low incidence of toxicity
in our study was thought to be related
to the low baseline theophylline con-
centrations for aminophylline alone
(mean peak theophylline concentra-
tion, 11.0 pug/ml) compared with the
normal therapeutic range of 10 to 20
ug/mli (25). Indeed, the changes we
found studying the stable patient may
be even greater in the setting of an
acute infection, as theophylline half-
life may be prolonged with pneumonia
(10), viral upper respiratory infections
(26), and fever (27). In addition, we
may not have seen the maximal effect
of erythromycin. [t is reasonable to
suspect that erythromycin given in
larger doses (as with Legionella infec-
tions) or given longer than 2 days may
have an increased effect.

Patients taking theophylline com-
pounds, especially those patients with
higher therapeutic concentrations, as
recently recommended (28), are at risk
to develop theophylline toxicity when
erythromycin is added. Because of the

significant decrease (22%) in theophyl-
line clearance with erythromycin, we
recommend an initial 25% reduction in
theophylline dose if the patient is
known to have a “higher” (15 to 20 ug/
ml) therapeutic theophylline level. We
recognize that, because of the wide in-
tersubject variation, some patients may
deserve a greater reduction in dose and
others may require no reduction. A
25% decrease represents an initial ap-
proximation of theophylline dosing re-
duction. Further monitoring with the-
ophylline levels as therapy progresses
would be required for refinement of
the dose. For patients known to be or
dosed to be on the lower end of the
therapeutic range (8 to 15 ug/ml), little
adjustment appears necessary unless
symptoms develop.
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