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Synergism between ipratropium and theophylline
in asthma
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ABSTRACT Ipratropium bromide is a bronchodilator whose effect has been compared with beta
agonists but not with theophylline. Twelve asthmatics were given four two-week courses of the
different combinations of ipratropium (40 ,ug in two puffs), theophylline capsules, and their cor-
responding placebos in a random, double-blind fashion. There was a significant increase in FEV,
and MMFR 60 minutes after theophylline was administered (p<0O05) when measured after one
and two weeks of therapy. FEV, and MMFR were significantly increased (p<0O05) 30 and 60
minutes after ipratropium inhalation and this increase was significantly greater when the patient
had also been taking theophylline compared with placebo capsules (p<005). There was no
toxicity associated with this combination. The synergism demonstrated may be related to the
time sequence of drug administration, mechanical or cellular factors.

Anticholinergic agents have been employed for
centuries for the treatment of bronchial asthma.' 2
A number of studies have shown that atropine
compounds are effective bronchodilators in
patients with asthma or chronic obstructive lung
disease.2-6 Their clinical use has been limited, how-
ever, by the concern over local (secretion-drying)
and systemic (ocular, cardiovascular) toxicity.
Ipratropium bromide is an anticholinergic agent
that is structurally similar to atropine.' However
its use has been free of the undesirable systemic
effects of atropine.
The interaction, and relative efficacy of anti-

cholinergic medication and beta sympathetic
agonists such as isoprenaline, fenoterol, and sal-
butamol, have been studied,6"-0 but similar studies
with ipratropium and oral theophylline have not
been done. The purpose of the present study was
to assess the efficacy of ipratropium and to estab-
lish whether there was any synergism with oral
theophylline.

Methods

Individuals participating in this study had asthma
as defined by the American Thoracic Society." All
subjects had evidence of reversible airway obstruc-
Address for reprint requests: Dr N Wolkove, Jewish General Hospital,
3755 Cote Street, Catherine Road, Montreal, Quebec H3T IE2,
Canada.

tion as manifest by either a 20% or greater in-
crease in forced expiratory volume in one second
(FEV1) within 30 minutes of inhalation of 200 ,ug
of salbutamol, or a day-to-day variation in FEV,
in excess of 15%.
Informed consent was obtained from all sub-

jects, and this study was approved by the hospital
ethics committee.
One of 12 subjects currently smoked one to five

cigarettes daily, while six were ex-smokers (10-
25 pack-years, mean 17+4-1-7 pack-years), and five
had never smoked. No subject had a history of
chronic bronchitis, cardiac, renal, or hepatic
disease.
For the purpose of this study an optimum theo-

phylline dose for a particular patient was defined
as that quantity which produced the highest
serum theophylline concentration in the desired
therapeutic range (10-20 ,ug/ml) one hour after
ingestion, without producing side-effects. In a
preliminary study each subject's optimum theo-
phylline dose was determined after open adminis-
tration of different doses of the choline salt of
theophylline (oxtriphylline) for three days. Serum
theophylline was measured by ultraviolet spectro-
photometry.'2 Thereafter, both theophylline (at
previously determined optimum dosage) and
placebo oral study agents were identically en-
closed within opaque gelatin capsules. Similarly,
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ipratropium (40 [kg in two puffs) or its correspond-
ing placebo were inhaled from indistinguishable
metered dose inhalers.

Pre-study pulmonary function tests were ob-
tained in all participants at the time of qualifi-
cation. Studies were performed using a Collins
14-litre water seal spirometer. Three forced expira-
tory manoeuvres were performed at one-minute
intervals. From each tracing, the vital capacity
(VC), FEVy, and the maximum mid-expiratory
flow rate (MMFR) were calculated. The pre-study
VC, FEV1 and MMFR were then determined by
obtaining the means of the three determinations.
Predicted values were obtained from the data of
Bates et al.13
Each subject then underwent four different two-

week courses of the four possible combinations
of theophylline, ipratropium, and their correspond-
ing placebos, administered four times daily in a
random, double-blind fashion. Therefore each sub-
ject served as his own control, and the four treat-
ment regimens compared were: theophylline+
ipratropium, referred to as treatment regimen (A),
placebo capsule+ipratropium (B), theophylline+
placebo inhaler (C), placebo capsule+placebo in-
haler (D). A three-day wash-out period was inter-
posed between each of the four treatment periods.
During the wash-out phase theophylline was not
administered. At all times individuals were per-
mitted to continue beta agonists or corticosteroids
or both, but the doses of all maintenance therapy
were kept constant.
Pulmonary function testing was done at the

same time in the morning immediately before the
beginning of each of the four treatment courses
(pre-treatment values), and after one and two
weeks of therapy. On the latter two occasions,
the test capsule only was taken one hour before
coming to the laboratory. Subsequently, on arrival
in the laboratory, pulmonary function studies were
repeated, and the FEV, and MMFR calculated
as described above. These values hereafter referred
to as "baseline", therefore actually represent those
obtained one hour after oral medication, immedi-
ately before aerosol administration. Two puffs of
the test aerosol were then administered and the
mean FEV, and MMFR similarly obtained 30 and
60 minutes later. Other medication was omitted
for 10 hours, and smoking was prohibited for two
hours, before and until termination of the testing.
Blood was drawn for determination of serum

theophylline concentration one hour after in-
gestion of the test capsule.
Each subject kept a diary describing daily

respiratory symptoms, benefits, and side-effects of

test medications, and need for other broncho-
dilators. Subjective parameters were recorded in
the diary and scored as follows: overall benefit
(better=+1, same=0, worse=-1), amount of
wheezing (less= + 1, same=0, more=-1), short-
ness of breath, and chest tightness (each on a scale
of 1-10, 10 being best, 1 being worst).
An analysis of variance procedure appropriate

to the 22 factorial design was used to assess the
overall efficacy of ipratropium, the overall efficacy
of theophylline, and any synergism between these
two treatments. The overall ipratropium effect was
assessed by comparing the mean change in FEVY
(or MMFR) when the patient was on ipratropium
(with or without theophylline) with the cor-
responding change when the patient was on
placebo inhaler. The overall theophylline effect
was calculated in a similar manner.

If ipratropium and theophylline merely act in
an additive fashion the effect of ipratropium
would be expected to be the same in the presence
of theophylline or placebo capsules. Synergism
between these agents was therefore sought by de-
termining whether the effect of ipratropium was
significantly greater in the presence of theophyl-
line versus placebo capsules.14

Results

Seven males and five female asthmatic subjects
aged 21-54 years (mean 34+2X4 yr) completed the
study. Three other individuals withdrew from the
study before completion, and were excluded from
statistical analysis. The three subjects who with-
drew from the study did so for the following
reasons. One completed the first treatment period
(theophylline and placebo aerosol) but claimed
the capsules made her "high". Another subject
completed one week of theophylline and placebo
aerosol, but was too ill to abstain from broncho-
dilators for the required 10-hour period before
testing. The third subject completed two weeks of
placebo capsules, and placebo aerosol but dis-
continued because of the inconvenience of re-
peated testing.
The mean optimum theophylline dose (+SE)

was 1183+96 mg daily of the choline salt (range
800-2000 mg). Serum theophylline concentration
one hour after active capsule ingestion was 13-8
±0.1 ,ug/ml.
The results of pre-study pulmonary function

tests are summarised in table 1.
The FEV, and MMFR data, averaged over the

12 individuals for the various study periods are
shown in table 2. The pretreatment values were
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somewhat variable among the four treatment
groups, but the observed differences were not
statistically significant. The results for week 1 and
week 2, within specific treatment regimens were
not significantly different, and it was appropriate
and efficient simply to average these values for
the two weeks.

Table I Pre-study pulmonary function tests
(mean+SE)

Test Before % Predicted After % Predicted
bronchodilator bronchodilator

FEV1 2-0 (±0 2) 65 (±5-6) 2-5 (±0 2) 81 (+6 8)
(1)
MMFR 1 1 (±0l1) 29 (+3-3) 1-6 (±0-2) 43 (±4-4)
(l/S)
FEV,/ 58 (±3-0) - 73 (±7-1) -
\'C (%)

The effect of theophylline, which is a combined
benefit of both chronic and acute administration,
can be assessed by comparing the "baseline"
values with the pre-treatment values. On this basis,
there was a significant theophylline effect with a
mean increase in FEV1 of 0-33-+0-16 litres
(p<0 05) and a mean increase in MMFR of
0-23=40.12 litres/s (p<0 05). There was no
demonstrable effect of chronic administration of
ipratropium, similarly assessed by comparing pre-
treatment to baseline values in regimens in which
the active inhaler had been administered.
The overall benefit of acute administration of

ipratropium, as calculated by determining the
ipratropium effect, was assessed by comparing the
mean increases at 30 minutes and 60 minutes after
inhalation with the corresponding baseline values.
These mean increases are summarised in table 3.
The efficacy of ipratropium is reflected in a rela-
tive mean increase in FEVy of 0-20±0-05, and
0-19-+0.06 litres at 30 and 60 minutes respectively
(p<0-001). The corresponding increases in MMFR

Table 3 Mean increases in FEV1 and MMFR after
weeks I and 2

Treatment regimen FE V, (l) MMFR (ils)

30 min 60 min 30 min 60 min

Theophylline and 0-29 0 40 0-31 0 45
ipratropium (A)
Placebo and 0-26 0-27 0-22 0-24
ipratropium (B)
Theophylline and 0-02 0 07 0 04 0-12
placebo (C)
Placebo and placebo 0-14 0-22 0 11 0 18
(D)
Ipratropium effect 0-20 0 19 0.19 0-20
A+B-C +D

2 2
Effect of ipratropium 0-27 0 33 0-27 0 33
in the presence of
theophylline (A-C)
Effectofipratropium 0-12 0-05 0 11 0-06
in the presence of
placebo (B-D)

were 0.19140-05 and 0-20+1=0-06 litres/s at 30 and
60 minutes respectively (p<0O01).

Further analysis showed that the observed in-
creases in FEV1 and MMFR after ipratropium
were consistently greater with the concomitant
use of theophylline than they were when the
patients were taking placebo capsules. These in-
creases are shown diagramatically in figs 1 and 2
for FEV1 and MMFR respectively. The indicated
differences in these increases, which represent a
measure of the synergism between the two drugs,
were statistically significant at 60 minutes; 0-28-+
0-13 litres for FEV1 and 0-27-0-11 litres/s for
MMFR (p<0 05 in both cases).
The subjective scores for overall benefit, amount

of wheezing, shortness of breath, and chest tight-
ness demonstrated a statistically significant bene-
ficial effect with theophylline (p<0 05) but not
with ipratropium. Subjects coughed more when on
ipratropium treatment regimens.

Pulse rates did not vary significantly with any of

Table 2 Effect of therapy on FEV1 and MMFR

Theophylline and Placebo and Theophylline and Placebo and
ipratropium (A) ipratropium (B) placebo (C) placebo (D)

FEy, (I)
Pre-treatment 1-78 1-85 2-05 2-09
Mean (weeks 1+2)
60 min after capsule* 1-93 1-76 2-18 1-80
30 min after inhaler 2-22 2-02 2-20 1-94
60 min after inhaler 2-33 2-03 2-25 2-02
MMFR (ifs)
Pre-treatment 0-98 1 01 115 1-20
Mean (weeks 1+2)
60 min after capsule* 1-04 0-96 1-29 0-98
30 min after inhaler 1-35 1-18 1-33 1-09
60 min after inlialer 1-49 1-20 1-41 1-16

*Baseline values (see text)

F
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Fig 1 Mean increase in FEV, with
ipratropium 30 and 60 minutes after
inhaler administration. There is a
significantly greater effect of ipratropium
in the presence of theophylline versus
placebo (synergism) 60 minutes after
inhaler administration. (A-C)-(B-D)=
0-28 (p<005) see table 3.

Fig 2 Mean increase in MMFR with
ipratropium. As in fig 1, there is
evidence for synergism between
ipratropium and theophylline 60 minutes
after inhaler administration. (A-C)-
(B-D)=0-27 (p<005) see table 3.

the four treatment regimens. Side-effects were re-

ported equally in all treatment regimens.

Discussion

The results of this study demonstrate a significant
acute bronchodilator response to ipratropium after
one and two weeks of regular therapy in subjects
with asthma. No tachyphylaxis developed during
the two weeks of treatment. There was no chronic
objective benefit on baseline pulmonary function
after therapy with ipratropium. This result is ex-

pected since the duration of its bronchodilator
effect is only six hours. Previous studies confirm
the efficacy of ipratropium.' 4 51 Its broncho-
dilator effect has been at least as great and of
longer duration than isoprenaline in single dose
studies.7 15 Comparative studies with salbutamol
demonstrate a greater response to ipratropium in
subjects with chronic bronchitis4 8 but not with
asthma.'0
The vagus nerve is an important modulator of

airway function. It is felt that ipratropium, like
atropine, acts by a vagolytic action. Our subjects
were assessed for historical evidence of the vagal
influence on airway obstruction by questioning
them about their response to cigarette smoke, dust,

air pollutants, upper respiratory tract infection,
and cold water. There was a poor correlation be-

tween these responses and the efficacy of ipra-
tropium in this study.
The baseline FEV1 and MMFR improved sig-

nificantly in subjects receiving theophylline. The

experimental design used did not enable us to dif-

ferentiate the acute from the chronic positive
effect, as the baseline values at one and two weeks

were actually one hour after theophylline in-

gestion. The serum theophylline was already with-

in the desired therapeutic range, and therefore

it was understandable that no additional benefit

occurred 30 or 60 minutes later unless ipratropium
was administered.
We have demonstrated synergism between theo-

phylline and ipratropium 60 minutes after inhala-

tion of the latter medication (two hours after

theophylline ingestion). This indicates that the

salutary effect of a given dose of ipratropium may
be positively enhanced by previous therapy with

theophylline. In North America the latter medi-

cation serves as the mainstay of therapy in many
cases of asthma and the addition of ipratropium
is therefore a rational therapeutic approach. The

administration of ipratropium was not associated

with any toxicity. Since it interacts with theo-

THEOPHYLLINE PLACEBO THEOPHYLLINE PLACEBO
CAPSULES CAPSULES CAPSULES CAPSULES

(A-C) (B-D) (A-C) (B-D)
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phylline it may permit more effective broncho-
dilatation without the need for high and potentially
toxic doses of the latter medication.
The physiological basis for the synergism of

ipratropium and theophylline remains speculative.
Both mechanical and biochemical mechanisms may
be operative. Effective administration and absorp-
tion of a bronchodilator by metered dose aerosol
may be hindered by either the inability to take a
deep breath or a shortened period of breath hold-
ing after inhalation of the medication. These
effects are greater with more severe airway ob-
struction. The initial bronchodilator effect of
theophylline may have enabled subjects to deliver
ipratropium more effectively, particularly to distal
airways.
On a cellular level, it is known that theophyl-

line inhibits mediator release from mast cells by
decreasing destruction of cyclic adenosine mono-
phosphate. Ipratropium prevents mediator re-
lease by inhibiting acetylcholine mediated increases
in cyclic guanosine monophosphate.17 Therefore,
the interaction of these two drugs might be ex-
plained ultimately on a cellular level by their
ability to inhibit mediator release by acting on
different biochemical pathways.

We thank Helen Jenne and Marilena Presta for
their technical assistance, Anita Itel and Donna
Cohen for their help in preparation of the manu-
script, and Boehringer Ingelheim (Canada) Ltd
for suppling the inhalers.
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