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Abstract—Clinical observations have suggested that elevated levels of theophylline may occur during
the use of macrolide antibiotics. In the present study, the plasma clearance of theophylline was studied
in rabbits treated with troleandomycin or erythromycin (400 mg-kg™'-day™!) over a 10-day period. The
elimination of theophylline was impaired significantly after 10 days of antibiotic treatment. No change
in theophylline elimination occurred when the antibiotics were given for shorter periods of time. Protein,
cytochrome P-450 and cytochrome bs levels, and aminopyrine N-demethylase and benzo{e]pyrene
hydroxylase activities were unchanged in hepatic microsomes prepared from rabbits treated with
antibiotics for 10 days. Pretreatment of rabbits for 10 days with troleandomycin completely abolished
production of 1-methyluric acid from theophylline in isolated hepatic microsomes, but production of
1,3-dimethyluric acid was unaffected. Troleandomycin, when added ir vitro to microsomes, had no
direct effect on theophylline metabolism. It is concluded that long-term treatment with troleandomycin
selectively blocks or destroys one pathway of theophylline metabolism. This mechanism may explain
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the clinically observed interaction between theophylline and the macrolide antibiotics.

Recently, several clinical reports [1-3] have indicated

a possible drug interaction between theophylline and’

macrolide antibiotics. Elevated serum theophylline
levels and signs of theophylline toxicity were noted
in several asthmatic patients receiving chronic theo-
phylline therapy simultaneously with troleandomy-
cin or erythromycin. The interaction between theo-
phylline and erythromycin was, however, questioned
by Pfeifer er al. {4], who reported that there was no
kinetic interaction between theophylline and eryth-
romycin in healthy volunteers given antibiotics for
48 hr. This discrepancy between reports creates con-
cern since the wide use of macrolide antibiotics for
infection and the wide use of theophylline for
asthma, emphysema and bronchitis make the con-
comitant use of these two drugs a real possibility.
In this study, we investigated whether a true drug
interaction occurs between theophylline and the
macrolide antibiotics.

MATERIALS AND METHODS

Male New Zealand white rabbits (2 kg) were
obtained from Reiman’s Fur Ranch, St. Agatha,
Ontario, Canada, were housed in stainless steel
mesh-floored cages, and were fed rabbit chow
(Purina).

Theophylline, 8-chlorotheophylline, and 1,3-
dimethyluric acid were obtained from the Sigma
Chemical Co. St. Louis, MO, U.S.A.; erthyromycin

* Address all correspondence to: Kenneth W. Renton,
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(ilotycin gluceptate) was obtained from Eli Lilly &
Co. Ltd., Toronto, Ontario, Canada. Troleando-
mycin was a gift from the Chas. Pfizer & Co., Inc.,
New York, NY, U.S.A.; and 1-methyluric acid was
a gift from Dr. J. Williams, University of South
Florida, Tampa, FL, U.S.A.

Rabbits were treated for 10 days with troleando-
mycin or erythromycin (200 mg/kg, i.p., twice daily).
This dose is approximately 2-fold greater than the
highest doses of these antibiotics used in man. In the
troleandomycin experiment. animals were divided
randomly into two groups of three animals. One
group received the antibiotic and the second group
received equivalent volumes of saline at the same
times. Plasma clearance of a single dose of theo-
phylline (5 mg/kg) was determined at various times
during antibiotic treatment. After 10 days of anti-
biotic treatment the animals were killed, the livers
were removed, and microsomes were prepared for
in vitro metabolism studies. In the erythromycin
experiment, plasma clearance of theophylline was
determined pre- and post-antibiotic in the same
individual animals.

The kinetics of theophylline elimination were
determined after treating rabbits with heparin (1000
units/kg, i.m.) 20 min before the administration of
theophylline (5 mg/kg, i.v.). Blood samples (400 ul)
were obtained from a vein in the ear at 2, 15, 30 and
60 min and then at 1-hr intervals for 8 hr. The
internal standard theobromine (50 ul of 20 ug/ml)
was added to 100 gyl of the serum that was then
extracted with 3 ml ¢hloroform—isopropanol (90:10,
v/v) asing a Clin Elut column (Analytichem Inter-
national). The eluant was air dried and theophylline
concentrations were determined by a modification
of the high pressure liquid chromatographic method
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described by Sitar et al. [5]. Samples were reconsti-
tated in 100 gl mobile phase (0.01 M sodium acetate,
1% acetic acid, methanol, 53/17/30, by vol.) [6] and
20 pl was injected onto a reverse phase column
(RP-8, 10 um, Brownlee Labs) in a Spectrophysics
SP3500B HPLC using a flow rate of 1.6 ml/min.
Separated samples were monitored at 275 nm using
a Shoeffel ultraviolet variable wavelength detector.
Recovery of known amounts of theophylline added
to serum was 99 per cent.

In vitro theophylline metabolism by hepatic micro-
somes prepared from antibiotic-treated animals was
determined by measuring the production of 1,3-
dimethyluric acid and 1-methyluric acid using h.p.lL.c.
Incubation mixtures contained 3 mg microsomal
protein, 5 mM MgCh, 10 units p-glucose-6-phos-
phate dehydrogenase, 10 mM bp-glucose-6-phos-
phate, 1 mM NADP, and 0.25 mM theophylline in
a total volume of 3 ml of 50 mM Tris—HCI buffer,
pH 7.5. Samples were incubated for 2 hr at 37° in
a Dubnoff metabolic shaking water bath. An internal
standard, 100 ul 8-chlorotheophylline (100 pg/mi),
was added to the incubation mixture, which was then
extracted with 3 ml chloroform-isopropanol (90:10,
v/v) by shaking for 30 min. Aliquots (1 ml) of the
aqueous phase were air dried and then reconstituted
with 100 ul mobile phase (0.01 M sodium acetate,
1% acetic acid, methanol, 64/21/15, by vol). Good
separation of theophylline, 1-methyluric acid and
1,3-dimethyluric acid was achieved using a flow rate
of 0.4 ml/min for the mobile phase. No metabolite
was detected in the organic phase; therefore, the
metabolite concentration in the aqueous phase rep-
resented total metabolite formation. Maximum sen-
sitivity for detection of 1-methyluric acid and 1,3-
dimethyluric acid occurred when samples were mon-
itored at 295 nm using the variable wavelength
detector. The rate of formation of these metabolites
was linear with respect to protein concentration and
time.

Microsomes were prepared as described by El
Defrawy El Masry et al. [7] and were used on the
same day as they were prepared. Microsomal protein
levels were determined by the method of Lowry et
al. [8], using bovine serum albumin as a standard.

Cytochrome(s) P-450 and cytochrome bs were
determined by the method of Omura and Sato [9].
Benzo[a]pyrene hydroxylase activity was determined
by the method of Watenberg and Leong [10]. Ami-
nopyrine N-demethylase activity was determined by
the method of Sladek and Mannering [11]. Student’s
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Fig. 1. Disappearance of theophylline from blood of rabbits

pretreated for 10 days with troleandomycin (200 mgrkg,

two times per day). Theophylline (5 mg/kg) was adminis-

tered i.v. Key: (X - ~~ x) control rabbit; and (@——

@) troleandomycin-treated rabbit. The two curves rep-

resent the elimination of theophylline in two individual
rabbits tested on the same day.

t-test for unpaired data was used to determine stat-
istical significance between two means. Analysis of
variance was used to determine statistical signifi-
cance when three groups were compared. Kinetic
parameters were determined using a computer fit to
a two-compartment open model. The volume of
distribution was calculated using the formula:

dose.
Vd = Fx AUC The clearance of the drug was cal-
X 0.
culated using the formula: Cl =V—d~ft—)—62§.
18

RESULTS

The elimination of a single dose of theophylline
decreased following treatment of rabbits with tro-
leandomycin (200 mg/kg, two times per day) for a
period of 10 days (Fig. 1 and Table 1). The rate
constant (B), the elimination half-life (Tys), the elim-
ination rate constant (ki) and the plasma clearance
of theophylline were significantly different in animals
treated with troleandomycin for 10 days compared

Table 1. Pharmacokinetic parameters of theophylline elimination in rabbits treated with troleandomycin*

Length of

treatment Tia T Kelim Clearance Va
Treatment {days) (min) {min} (hr™h (Vhr) {)
Saline 4 49.8 6.1 167.2 +12.8 0.28 =0.03 0.39 +0.13 1.59 + 0.60
Troleandomycin 4 528=%1.1 176.0 = 19.8 0.24 = 0.04 0.34 = 0.08 1.42+0.33
Saline 10 502x7.1 1955+ 13.6 0.25 = 0.02 0.27 £ 0.02 1.30 = 0.20
Troleandomycin 10 49.1 +5.7 295.5 £ 14.3¢ 0.17 £ 0.01% 0.18 = 0.01% 1.27 £ 0.11

* Each value is the mean = S.E. of three animals. Troleandomycin (200 mg/kg) was administered i.p. twice daily.

Control animals received equivalent volumes of saline.

+ Significantly different from corresponding control (P < 0.05).
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Interaction of antibiotics and theophylline
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Fig. 2. Production of 1-methyluric acid and 1,3-dimethyl-
uric acid in microsomes prepared from rabbits treated with
troleandomycin (200 mg/kg, two times per day) for 10 days.
Metabolite formation was determined as described in
Materials and Methods. Each bar represents the mean
+ S.E. obtained from microsomes prepared from four
individual rabbits. Control animals received equivalent
volumes of saline for 10 days.

to controls. The distribution rate constant («), the
distribution half-life (Ty,), and the volume of distri-
bution (V) were not significantly different from con-
trols. In the same experiment, no significant change
in the plasma clearance of theophylline could be
determined after only 4 days of treatment with
troleandomycin.

Treatment of rabbits with erythromycin
(200 mg/kg, two times per day) for a period of 10
days resulted in similar decreases in theophylline
elimination, as shown in Table 2. In one of the
animals studied in this experiment, no apparent
change in theophylline elimination had occurred
after 3 days of erythromycin. Elimination half-life
was increased 2.8-fold in this particular animal after
10 days of antibiotic treatment.

Troleandomycin treatment for 10 days had no
effect on protein, cytochrome(s) P-450 or cyto-
chrome bs content, or aminopyrine N-demethylase
and benzo[a]pyrene hydroxylase activities in hepatic
microsomes compared to microsomes prepared from
saline-treated control animals (Table 3). Similarly,
the administration of erythromycin for 10 days had
no effect on protein, cytochrome(s) P-450 or cyto-
chrome bs content, or aminopyrine N-demethylase

Table 4. In vitro metabolism of theophylline
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and benzo[a]pyrene hydroxylase activities in hepatic
microsomes.

The formation of 1,3-dimethyluric acid and 1-
methyluric acid from theophylline in hepatic micro-
somes prepared trom rabbits treated with trolean-
domycin for 10 days is illustrated in Fig. 2. The rate
of formation of 1-methyluric acid in four control
rabbits was variable, ranging from 0.12 to
2.61 pg-(mg protein)™'-hr™! with a mean of
1.08 £0.58 ug 1l-methyluric acid-(mg protein)™!
hr™'. In animals treated with troleandomycin, how-
ever, the formation of 1-methyluric acid was com-
pletely abolished. The lowest limit for detection of
1-methyluric acid was 0.015 yg 1-methyluric
acid-(mg protein)™'-hr™'. In contrast, the rate of
formation of 1,3-dimethyluric acid in hepatic micro-
somes prepared from troleandomycin-treated rabbits
was identical to controls.

Microsomes prepared from normal rabbits were
incubated with 2.5 mM troleandomycin for 2 hr to
determine if troleandomycin had a direct inhibitory
effect on theophylline biotransformation. The rate
of formation of 1-methyluric acid and 1,3-dimethy-
luric acid was identical to the rate of formation of
these metabolites in microsomes incubated without
the addition of troleandomycin (Table 4).

DISCUSSION

Our results indicate that the elimination of theo-
phylline is decreased significantly in rabbits treated
with troleandomycin or erythromycin for a 10-day
period. These results support and substantiate the
preliminary clinical reports [1-3] which described
increases in serum theophylline levels when trolean-
domycin or erthromycin was used in patients already
receiving theophyiline. In the clinical reports [1-3],
the antibiotics were administered to the patients to
treat infections. As certain infections have been
shown to increase the elimination half-life of theo-
phylline [12] the reported increases in theophylline
levels in these patients may have resuited from the
infectious disease process rather than from interac-
tion with the antibiotics themselves. This study in
healthy rabbits demonstrates clearly that a true
interaction occurs between theophylline and macrol-
ide antibiotics which is independent of an infectious
disease process. This does not discount the possibilty
that an infection together with the use of these
antibiotics may produce additive effects in decreasing
the elimination of theophylline.

in microsomes incubated with

troleandomycin*

1-Methyluric acid
[ug: (mg protein) - hr™']

1,3-Dimethyluric acid
[ug- (mg protein)™' -hr!]

Control
Troleandomycint

3.83
4.06

0.263
0.240

* Each value represents an individual incubation mixture using microsomes from the

same control animal.

t Troleandomycin (2.5 mM) was added to the microsomal incubation mixture.
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Pfeifer et al. [4], however, reported that three
antibiotics—erythromycin, cephalexin and
tetracycline—had no effect on theophylline elimin-
ation kinetics in humans. The present study offers
an explanation for the apparent discrepancy between
the clinical reports and the results of Pfeifer ef al.,
who studied subjects treated with antibiotics for 24
hr prior to theophylline administration [4]. In our
study in rabbits, antibiotic treatment for 3 or 4 days
produced no difference in theophylline kinetics com-
pared to controls, but after 10 days of antibiotic
treatment theophylline elimination was impaired sig-
nificantly. Similarly, in the clinical studies reported
by Weinberger et al. 3], elevated theophylline levels
were observed after troleandomycin had been
administered for 10 days or more. The lack of effect
reported by Pfeifer et al. [4] may have resulted from
the short period of antibiotic treatment.

A number of different factors might explain why
theophylline elimination is impaired during the
administration of erythromycin or troleandomycin.
As biotransformation by the cytochrome P-450 sys-
tem in the liver [13-15] controls to a large extent the
rate of theophylline elimination, this would be a
likely location for the interaction to occur, The pro-
duction of 1-methyluric acid was abolished in micro-
somes prepared from rabbits treated for 10 days with
troleandomycin, but there was no significant change
in the production of 1,3-dimethyluric acid. These
results indicate that the antibiotic selectively blocks
or destroys the pathway that converts theophylline
to 1-methylxanthine, which is then converted to 1-
methyluric acid by xanthine oxidase. Although xan-
thine oxidase is a soluble enzyme found in liver
supernatant, sufficient quantities of this enzyme must
have been present in our microsomal preparations,
as only 1-methyluric acid (and no 1-methylxanthine)
was detected in the control incubation mixtures. If
the antibiotic was acting on xanthine oxidase, it could
be expected that 1-methylxanthine would appear in
the incubation mixtures. As this metabolite could
not be detected in the microsomes from antibiotic-
treated animals, it is likely that the antibiotic had no
effect on xanthine oxidase. Further evidence that
the antibiotic is unlikely to act on xanthine oxidase
is suggested by the finding that complete blockade
of this enzyme by allopurinol has been shown to
have no effect on theophylline levels or theophylline
elimination rates {16, 17]. Though our evidence is
indirect it is concluded that the most likely site of
action of the antibiotic is on the cytochrome P-
450-mediated oxidation of theophyiline to 1-
methylxanthine.

Using the technique we describe, we were unable
to detect the formation of 3-methylxanthine in the
in vitro incubation mixtures. It is therefore unknown
if impairment of this pathway by these antibiotics is
also a factor contributing to the decreased elimina-
tion of theophylline.

Several reports support the concept that multiple
forms of cytochrome P-450 exist [18-20]. At least
two of the metabolic pathways of theophylline in the
rat—the oxidation of theophylline to 1,3-dimethyl-
uric acid and the N-demethylation of theophylline
to 1-methylxanthine—may be dependent on differ-
ent cytochrome(s) P-450 as both pathways can be
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induced by 3-methylcholanthrene whereas pheno-
barbital induces only the pathway from theophylline
to 1,3-dimethyluric acid {15]. In the rabbit, trolean-
domycin affects at least one cytochrome P-450-
mediated pathway of theophylline metabolism, while
having no effect on total cytochrome P-450 levels or
on other cytochrome P-450-mediated pathways. This
indicates a form of selective inhibition or destruction.

The rate of metabolite formation from theophyl-
line was not altered after the addition of trolean-
domycin in vitro to an incubation mixture containing
microsomes. This indicates that the antibiotic does
not directly affect cytochrome P-450, providing an
explanation for the lack of antibiotic effect after
short-term treatment.

In conclusion, this study indicates that treatment
of rabbits for 10 days with troleandomycin selectively
blocks production of 1-methyluric acid from theo-
phylline. As about 25 per cent of a dose of theo-
phylline is excreted as this metabolite in man {21-
24], blockade of this pathway by macrolide anti-
biotics is likely to contribute to the mechanism
involved in the drug interaction between theophyl-
line and these antibiotics. Blockade of other path-
ways in man may also contribute to this effect.
Depression of theophylline metabolism by macrolide
antibiotics causes an increase in the elimination
half-life of theophylline, with a corresponding
decrease in plasma clearance of theophylline. Con-
tinuous theophylline therapy would lead to increased
serum theophylline levels, accumulation of theo-
phylline, and theophylline toxicity.
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