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Theophylline has been used for the treatment of asthma
for many years, although the mechanism of action of this
drug has yet to be elucidated. Whilst theophylline has
long been recognized as a drug capable of relaxing airway
smooth muscle, recent clinical and experimental data have
suggested that it may also possess anti-inflammatory ac-
tivity.

The intravenous administration of theophylline or en-
prophylline prior to allergen [1] or toluene di-isocyanate
[2] has been shown to inhibit the development of the late
asthmatic response [1] without any significant effect on
the acute bronchoconstrictor response or the associated
bronchial hyperresponsiveness to methacholine [2–4]. Re-
cent studies have investigated the effect of low-dose theo-
phylline on the inflammatory process in the airway when
administered chronically. In a randomized, double-blind,
cross-over [5] and parallel group study [4], the effect of
theophylline or placebo was investigated on various in-
flammatory indices following once and twice daily treat-
ment for 1 and 5, weeks respectively. The late asthmatic
response to allergen was reduced in subjects treated with
theophylline after 5 weeks [4], despite a mean plasma
concentration of 7.8 µg·mL-1. Analysis of bronchial bio-
psies taken from mild asthmatics treated with low-dose
theophylline (plasma levels, 6.7 µg·mL-1) over 6 weeks re-

vealed a significant reduction in EG2+ cells (activated
eosinophils) and total number of eosinophils [6]. Simi-
larly, a reduction in CD3+ T-lymphocytes and expression
of various activation markers on CD4+ T-lymphocytes, in-
cluding human lymphocyte antigen (HLA-DR) and very
late antigen (VLA-1), was observed in bronchoalveolar
lavage fluid [7]. Furthermore, a reduction in CD4+, CD8+
T-lymphocytes and interleukin (IL)-4 and IL-5 containing
cells was observed in bronchial biopsies from asthmatics
who were taking theophylline over a 6 week period [8]. In
other studies, withdrawal of theophylline from asthmatics
who were taking glucocorticosteroids resulted in a signifi-
cant deterioration of their disease [9, 10] and a concomi-
tant rise in the number of CD4+, and CD8+ T-lymphocytes
in bronchial biopsies [10]. This clinical observation is of
interest as it occurred in patients who were also taking
regular anti-inflammatory glucocorticosteroids, suggesting
that the anti-inflammatory action of theophylline may be
complimentary to that of glucocorticosteroids.

In many studies, the mean provocative concentration
causing a 20% fall in forced expiratory volume in one sec-
ond (PC20) to inhaled methacholine or histamine has been
shown to correlate well with asthma severity [11] and is
thought to be a consequence of airway inflammation [12,
13]. However, asthmatics have both an increased sensitivity
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ABSTRACT: Theophylline is a bronchodilator and immunomodulator drug which
has recently been demonstrated to attenuate the recruitment and activation of inflam-
matory cells into lungs of asthmatics. This study investigated the effect of chronic
treatment with theophylline for its ability to alter airway responsiveness, as indicated
by changes in airway sensitivity and reactivity to inhaled methacholine.

The subjects studied were mild asthmatics who relied on β-agonist medication only
and who were randomized into two groups, one receiving theophylline (median dose
250 mg twice daily; range 250–375 mg twice daily) and the other placebo. A number
of parameters was measured before and after treatment, including baseline forced
expiratory volume in one second (FEV1), the provocative concentration of metha-
choline causing a 20% fall in FEV1 (PC20; sensitivity), dose-response slope (reactiv-
ity) and percentage eosinophils, eosinophil cationic protein and T-cell markers in
peripheral blood (by flow cytometry).

After 2 months of treatment with theophylline there was a significant lowering of
airway reactivity (slope) to methacholine and improvement in methacholine sensitiv-
ity (PC20). However, such changes were not associated with any significant change in
the number or activation status of eosinophils and lymphocytes in peripheral blood.

In conclusion, chronic treatment with theophylline reduces the reactivity of the air-
ways to methacholine, which might be beneficial in the treatment of persistent
asthma. The cellular mechanisms of this improvement remain to be clarified.
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(conventionally assessed by PC20 of inhaled histamine or
methacholine) and increased reactivity (an increase in
slope and loss of plateau response to inhaled spasmo-
gens), which may be caused by different underlying mec-
hanisms [14]. Whilst many studies have been undertaken
to evaluate the effect of drugs on airway sensitivity to
spasmogens, only a few studies have been undertaken to
evaluate the effect of antiasthma drugs on airway reactiv-
ity. Thus, chronic treatment with either short- or long-acting
β2-adrenoceptor agonists [15, 16] has been demonstrated
to increase airway reactivity, whereas the anti-inflamma-
tory glucocorticosteroid budesonide [17, 18] decreased air-
way reactivity to spasmogens. Thus, whilst theophylline
has been investigated for its effect on airway sensitivity
(PC20) to spasmogens [2–4, 19, 20], no study to date has
evaluated the effect of this drug on the full dose-response
curve to inhaled methacholine. In the present study, daily
administration of theophylline for 2 months was evaluated
with respect to airway hyperresponsiveness in mild asth-
matic subjects in a parallel-design placebo-controlled trial.

Methods 

Subjects

Thirty six mild atopic, nonsmoking, asthmatic subjects
(20 males and 16 females) volunteered to participate in
this study and all gave their written informed consent. The
study was approved by the King's College Hospital Ethics
Committee. Twenty four patients received theophylline
(mean age 26±4.6 yrs) and 12 received placebo (mean age
28±6.8 yrs). All subjects were treated with β2-adrenocep-
tor agonists on demand and had a baseline forced expiratory
volume in one second (FEV1) >70% predicted. Criteria
for entry to the study were a positive skin test to one or
more common airborne allergens, a history of asthma and
a methacholine PC20 <16 mg·mL-1. Patient characteristics
are shown in table 1.

Study design                                        

Subjects who volunteered for this study were randomi-
zed into a parallel, placebo-controlled, two-group study.
After an initial screening day, subjects were assessed at
baseline on entering the study (B0) and then 4 days (T1)
and 2 months (T2) after commencement of placebo or the-
ophylline treatment (median dose 250 mg twice daily;
range 250–375 mg twice daily).

At each visit, FEV1 was determined in subjects before
and after inhalation of saline (0.9%) and after bronchial
provocation with increasing doses of inhaled methacho-
line (1.25–256 mg·mL-1). Following each challenge, three
recordings of FEV1 were made and the average was taken
for all subsequent analysis.

Blood samples (15 mL) were obtained from an ante-
cubital vein and the percentage of circulating eosinophils
was enumerated. Phenotypic analyses of peripheral blood
lymphocytes were performed by two-colour cytofluorime-
try using a FACSCAN (Becton-Dickinson, Cockeysveille,
MD, USA) and monoclonal antibodies to CD3, CD4, CD8
and CD25 (Becton-Dickinson). Plasma eosinophil cat-
ionic protein (ECP) was measured by radioimmunoassay
(Pharmacia, Uppsala, Sweden).

Measurements

Spirometric measurements (FEV1) were obtained using
a dry wedge bellows spirometer (Vitalograph, Bucking-
ham, UK). Serial dilutions of methacholine hydrochloride
(Sigma Chemicals, Poole, UK) were prepared by the hos-
pital pharmacy, using a diluent of normal saline with 0.5%
chlorbutol BP and ranging from 1.25–256 mg·mL-1. Chal-
lenges were performed using a modification of the method
of COCKCROFT et al. [11]. Solutions were nebulized in a
Wright nebulizer calibrated to an output of 0.13 mL·min-1

at an airflow of 7 L·min-1. Inhalation was by tidal breath-
ing for 2 min from a loosely fitted face mask using a nose-
clip. FEV1 was first measured three times to provide a
baseline for the day and then the diluent was inhaled.
Measurements of FEV1 were made at 30–90 s after inha-
lation, the lower result serving as a baseline value for the
challenge. Methacholine challenge commenced with 1.25
mg·mL-1 and measurements of FEV1 were made as out-
lined above. Doubling concentrations of methacholine
were given at 5 min intervals until either FEV1 fell >60%
from the post-saline value, a concentration of 256 mg·mL-1

was given or increasing asthma symptoms necessitated
termination of the test.

Statistical analysis

Bronchoconstriction in response to each dose of metha-
choline was expressed as a percentage fall in FEV1 from
the post-saline value. FEV1 was plotted against the log2
concentration of methacholine and the PC20 was calcu-
lated by interpolation from the dose-response curve.

In order to calculate the slope of the dose-response
curve, two approaches were adopted and the results com-
pared. In the first case (method 1), the following criterion
was applied to discard a terminal plateau at high metha-
choline concentrations. If the decrease in FEV1 expressed

Table 1.  –  Demographics, baseline lung function, meth-
acholine sensitivity (PC20) and slope values before com-
mencement of placebo or theophylline treatment in those
subjects who completed the study

Characteristics Placebo Theophylline

Subjects  n
Sex  M/F
Age  yrs
Age range  yrs
FEV1 % pred
Baseline FEV1  L
% Reversibility+

PC20 mg·mL-1

Slope % FEV1

  mL·mg-1

10
7/3

28.1±2.4
19–39

103.5±3.8
4.04±0.24
16.5±3.2

0.82 (0.39–1.74)
13.0 (9.1–18.6)

18
10/8

25.6±0.9
21–36

96.1±2.2
3.60±0.19
12.6±1.9

0.86 (0.49–1.51)
15.3 (12.9–18.1)

Results are expressed as mean±SEM. Values in parenthesis re-
present upper and lower values of the 95% confidence interval.
The provocative concentration of methacholine causing a 20%
fall in the forced expiratory volume in one second (PC20) and
the slope are expressed as geometric means with 95% confi-
dence limits. Slope is defined as fall in forced expiratory vol-
ume in one second (FEV1; % saline) per doubling dose of
methacholine (mg·mL-1). +: fall in FEV1 following inhalation of
salbutamol. M: male; F: female.
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as a percentage of saline value was <10% for three consec-
utive doses (starting with one-quarter of the highest dose
administered), the result for the highest dose was not con-
sidered. The same procedure was then applied for the
remaining three highest doses, etc., thereby moving con-
centration triplets representing two doubling doses by
stepwise halving of the doses. In order to protect the linear
range against the inclusion of an initial plateau, only the
last value of triplets with FEV1 decreases of <10% was
included in the linear section. In the special case in which
only two initial concentrations were left in this stepwise
procedure, FEV1 had to differ Š10%.

In the second case (method 2), the doses of metha-
choline that produced a 10, 20, 30, 40 and 50% fall in
FEV1 (PCx) were interpolated from each individual curve
and a linear regression was performed. Linear regression
was performed with only three or four data points in cir-
cumstances where a value could not be interpolated for
PC10 (n: B0; T1; T2; placebo 9, 10, 9 versus theophylline
17, 14, 18), PC20 (10, 10, 10 versus 18, 17, 18), PC30 (10,
10, 10 versus 18, 18, 17), PC40 (10, 10, 10 versus 18, 16,
16) and PC50 (9, 9, 9 versus 14, 12, 13).

In both cases, the geometric mean and 95% confidence
interval were calculated from the individual slope values
and for airway sensitivity (PC20). Two-sided comparisons
within groups were made using the paired t-test after loga-
rithmic transformation and comparison between treatments
was performed using independent t-tests after logarithmic
transformation. The nonparametric Mann-Whitney U-test
(two-sided) was used to determine differences between
groups for cell data and supplemental data for β-agonist
usage. A p-value <0.05 was considered statistically signif-
icant.

Results

Demographic data

Thirty six subjects were randomized into the study, but
data from only 28 subjects (17 males, 11 females; age:
placebo 28.2±2.4 yrs versus theophylline 25.6±0.9 yrs
(mean±SE)) were used in the analysis, as six subjects did
not complete the study (one subject in the placebo group
was unable to attend owing to work commitments and one
developed scabies which required drug treatment; and the
other four subjects in the theophylline group did not com-
plete because of emigration, insomnia, persistent nausea
and vomiting, and a road traffic accident requiring hospi-
talization and surgery). Data were not analysed from two
subjects in the theophylline group, since they responded to
the first dose of methacholine with a fall in FEV1 of 60%
and 55% at B0 and T1 respectively; thus, methacholine
PC20 and slope measurements could not be made.

Baseline spirometry and dose-response data from the
two groups are presented in table 1. There was no signifi-
cant difference in baseline FEV1, FEV1 % pred, % rever-
sibility to salbutamol, methacholine PC20 and slope value
between the two groups. There was no significant altera-
tion in baseline FEV1 following 4 days (T1) and 2 months
(T2) of treatment with theophylline compared with base-
line FEV1 before (B0) treatment (FEV1: B0 3.60±0.19 L,
T1 3.59±0.19 L, T2 3.60±0.19 L). Similarly, there was no

significant change in baseline FEV1 in the placebo arm of
the study treatment (FEV1: B0 4.04±0.24 L, T1 3.84±0.21
L, T2 4.01±0.17 L).

Plasma levels of theophylline following 2 months of
treatment (T2) were 11.3 mg·mL-1 (SD 3.2, n=15). The
number of puffs of concomitant salbutamol medication
(median (min-max): placebo 0.7 (0.1–1.3), n=6 versus the-
ophylline 0.2 (0–2.9), n=11) and number of days of sup-
plemental medication (placebo 59.5 (56–83), n=6 versus
theophylline 53 (1–60), n=11) were not significantly dif-
ferent between the two groups.

Airway responsiveness

Methacholine produced a dose-dependent fall in FEV1
in both placebo and theophylline groups (fig. 1). Mean
methacholine PC20 values before (B0) and after 4 days
(T1) and 2 months (T2) of treatment with either placebo
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Fig. 1.  –  Mean dose-response curves (percentage fall in forced expira-
tory volume in one second (FEV1) from postsaline FEV1) before (B0,
❍) and after 4 days (T1, ●) and 2 months (T2, ❏) of: a) placebo or b)
theophylline treatment. Each point represents the mean and the vertical
lines represent SEM. For the sake of clarity the error bars have been omit-
ted from T1, but vary between 1 and 7%. Unless otherwise specified,
the number of subjects used to calculate the mean at each point was 10
and 18 for the placebo and theophylline group, respectively. In other
cases, the number of subjects are indicated in parenthesis (B0, T1, T2,
respectively).
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or theophylline are shown in table 2. There was a statis-
tically significant reduction in methacholine sensitivity
(geometric mean (95% confidence limits)) 2 months after
treatment with theophylline (T2/B0: 3.17 (1.41–7.13), p=
0.008, two-tailed), but not after treatment with placebo
(T2/B0: 1.84, 0.86–3.95).

Mean slope values for the methacholine dose-response
curves before (B0) and following 2 months (T2) of treat-
ment with placebo and theophylline are shown in table
3. There was a statistically significant reduction in slope
2 months after treatment with theophylline (T2/B0: 0.80
(0.67–0.97), p=0.023, two-tailed), but not with placebo
(T2/B0: 0.98 (0.67–1.44)).

The method of linear regression of the PCx versus meth-
acholine (fig. 2) yielded similar results to those des-cribed
above. Thus, there was a statistically significant reduction
in slope 2 months after treatment with theophylline (T2/
B0: 0.75 (0.58–0.96)), p=0.029, two-tailed), but not with
placebo (T2/B0: 0.79 (0.46–1.36)).

Cell data

Various indices of inflammation were measured in peri-
pheral blood samples obtained before and after 2 months
of theophylline treatment. The median data are presented
in table 4. The percentage of blood eosinophils was not
significantly reduced after 2 months of treatment with theo-
phylline compared with placebo. Similarly, theophylline
treatment had no significant effect on the percentage of
various lymphocyte subpopulations in peripheral blood
compared with placebo treatment (table 4).

A number of activation markers for inflammatory cells
was also measured and, as the results show, theophylline
treatment had no significant effect on either the level of
plasma ECP or the percentage of CD25+ T-lymphocytes
compared with placebo (table 4).

Discussion

Theophylline treatment did not significantly alter base-
line FEV1 but reduced methacholine sensitivity following
2 months of treatment. Similarly, theophylline significan-
tly reduced the slope of the methacholine dose-response
curve after 2 months of treatment, which was not observed
after treatment with placebo. These data suggest that theo-
phylline treatment can reduce airway reactivity to spas-
mogens, which is unlikely to be due to bronchodilation
as it was not associated with changes in baseline FEV1.

Table 2.  –  Airway responsiveness to methacholine (mg·
mL-1) as assessed by sensitivity (PC20) before (B0) and
after 2 months (T2) of treatment with placebo and theo-
phylline

Treatment period Placebo
n=10

Theophylline
n=18

B0
T2
T2/B0

0.82 (0.39–1.74)
1.52 (0.63–3.65)
1.84 (0.86–3.95)

0.86   (0.49–1.51)
2.73   (1.66–4.50)
3.17* (1.41–7.13)

Results are expressed as geometric mean and 95% confidence
limits. PC20: provocative concentration of methacholine caus-
ing a 20% fall in the forced expiratory volume in one second. *:
significant increase in PC20 in the theophylline group (p=0.008,
two-sided); no significant differences between groups.

Table 3.  –  Slope of methacholine dose-response curve
before (B0) and after 4 days (T1) and 2 months (T2) of
treatment with placebo and theophylline

Treatment period Placebo
n=10

Theophylline
n=18

B0
T1
T2
T1/B0
T2/B0

13 (9.1–18.6)
16.1 (12.8–20.3)
12.8 (8.9–18.3)
1.24 (0.97–1.58)
0.98 (0.67–1.44)

15.3 (12.9–18.1)
13.7 (11.2–16.9)
12.3 (10.5–14.3)
0.90 (0.72–1.13)

     0.80* (0.67–0.97)

Results based on method 1 are given as geometric mean and
95% confidence limits. Slope is defined as the fall in forced
expiratory volume in one second (FEV1) (% saline) per dou-
bling dose of methacholine (mg·mL-1). *: significant reduction
in slope value in the theophylline group (p=0.023, two-sided);
no significant differences between groups.
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Fig. 2.  –  Mean dose-response curves (percentage fall in forced expira-
tory volume in one second (FEV1) from postsaline FEV1) before (B0,
❍) and after 4 days (T1, ●) and 2 months (T2, ❏) of: a) placebo or b)
theophylline treatment. Provocative concentration (PC)10, PC20, PC30,
PC40 and PC50 values were interpolated from individual dose-response
curves, each point represents the mean and horizontal lines represent
SEM. The number of subjects used to calculate the mean at each point is
indicated in parenthesis (B0, T1, T2, respectively).
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Furthermore, unlike short- and long-acting β2-adrenoceptor
agonists [15, 16], theophylline does not cause a worse-
ning of the slope of the dose-response curve to methacho-
line in mild asthmatics.

A number of studies has investigated the effect of anti-
asthma drugs on the shape of the dose-response curve to
spasmogens. Thus, salbutamol [15, 16] and salmeterol
[16] provide protection against bronchospastic agents, as
assessed by rightward shifts in the dose-response curve to
spasmogens. However, prolonged use of salbutamol or
terbutaline reduces the protection afforded against bron-
choconstriction induced by methacholine [21–23], exer-
cise [24] or antigen challenge [21, 23] and has been shown
to increase the magnitude of the late asthmatic response
induced by allergen [25]. Similarly, regular treatment with
salmeterol also leads to a loss in protection against bron-
chospasm induced by methacholine [26, 27] and exercise
[28]. Furthermore, β2-adrenoceptor agonists have been de-
monstrated to steepen the dose-response curve to metha-
choline [15, 16]. The slope of the dose-response curve is
thought to reflect the degree of airway narrowing and may
represent an index of thickened airway wall secondary to
inflammation [14]. These findings suggest that β2-adreno-
ceptor agonists, while providing effective bronchoprotection
acutely, may mask the potential for rapid bronchoconstric-
tion following exacerbation of airway narrowing, parti-
cularly following regular therapy [15, 16]. In contrast,
glucocorticosteroids such as budesonide [17] and flutica-
sone [18] reduce the slope and restore the plateau of the
dose-response curve to methacholine, observations which
have been taken as evidence that, unlike β2-adrenoceptor
agonists, glucocorticosteroids can reduce airway wall
thickening by virtue of their anti-inflammatory properties.

The observations with chronic theophylline treatment
suggest that theophylline behaves more like a glucocor-
ticosteroid than a β2-adrenoceptor agonist in causing
a rightward shift in the dose-response curve to inhaled
methacholine. It is clear, however, that the effect of theo-
phylline is modest compared with inhaled glucocorticos-
teroids, although it is possible that a longer treatment
period may have had a greater effect. Certainly, theophyl-
line has now been shown to have many properties like
glucocorticosteroids, including the ability to attenuate
allergen-induced late asthmatic responses following single
[1, 2] and regular prophylactic [4, 5] treatment. Again,

these observations are in contrast to recent observations
showing that regular β2-adrenoceptor agonists exacerbate
responses to allergen [21, 23, 25], suggesting that the
beneficial effect of theophylline is unlikely to be due to
bronchodilation. Furthermore, treatment with theophylline,
like glucocorticosteroids, causes a reduction in the num-
ber and activation state of inflammatory cells as assessed
in bronchial biopsies and bronchoalveolar lavage [6–8].
These observations are again in contrast to regular treat-
ment with β2-adrenoceptor agonists [29]. Collectively, these
studies support the view that theophylline possesses anti-
inflammatory activity and it, like glucocorticosteroids, can
influence the shape of the dose-response curve to metha-
choline, albeit to a lesser extent.

However, following 2 months of treatment with theo-
phylline there was no significant effect on the percentage
of eosinophil and T-lymphocyte subsets in peripheral
blood. Furthermore, there was no significant change in
the expression of activation markers including ECP and
CD25+ for eosinophils and T-lymphocytes, respectively.
These observations are in contrast to a number of studies
that have shown that treatment with theophylline can in-
crease the number and activity of suppressor/cytotoxic T-
lymphocytes in the peripheral blood of asthmatics [30,
31]. Moreover, it has previously been demonstrated that
theophylline attenuated the increase in the number of cir-
culating CD4+ T-lymphocytes but not eosinophils 48 h
after antigen challenge [4]. Similarly, the number and acti-
vation status of eosinophils and T-lymphocytes in bron-
chial biopsies [6] and bronchoalveolar lavage [7] was
significantly reduced in theophylline-treated subjects 24 h
after antigen challenge. Clearly, changes in cell number
and activation markers are more readily detected in bron-
chial biopsies and bronchoalveolar lavage than in periph-
eral blood. It is not possible from the present study to
know whether the effect of theophylline on airway reactiv-
ity was associated with a reduction in the number or acti-
vation status of inflammatory cells in the airways. It is
clear from these results that the effect of theophylline on
the dose-response curve to inhaled methacholine is evid-
ent at 4 days post-treatment and that this effect persists.
The basis of this effect is not yet known, but could result
from the ability of theophylline to inhibit airway nerves,
when occurring at lower concentrations than required to
induce airway smooth muscle relaxation [29]. Such an

Table 4.  –  Inflammatory cell number and activation status in subjects before (B0) and after 2
months (T2) of treatment with placebo and theophylline

B0 T2 T2/B0

Placebo n=10
Blood eosinophils  %
ECP  µg·L-1

CD3+  %
CD4+/CD3+  %
CD8+/CD3+  %
CD25+/CD4+  %
CD25+/CD8+  %
Theophylline n=18
Blood eosinophils  %
ECP  µg·L-1

CD3+  %
CD4+/CD3+  %
CD8+/CD3+  %
CD25+/CD4+  %
CD25+/CD8+  %

3.85 (3.3–4.5)
12.0 (6.6–21.6)
70.1 (65.0–75.6)
59.7 (53.8–66.8)
35.1 (31.2–39.4)
24.9 (19.3–32.3)
1.97 (1.21–3.20)

3.8 (3.3–4.4)
21.0 (13.4–33.1)
69.6 (66.7–72.6)
58.0 (54.9–61.2)
39.1 (36.6–42.1)
22.4 (17.6–28.4)
2.55 (1.57–4.16)

3.40 (2.7–4.3)
12.1 (6.4–22.7)
71.4 (67.2–75.9)
56.8 (52.7–62.3)
37.3 (33.6–41.4)
26.6 (18.6–38.1)
2.11 (1.51–2.94)

3.7 (3.0–4.7)
14.4 (7.2–28.8)
67.3 (63.0–72.0)
58.5 (54.7–62.5)
38.5 (35.3–41.9)
23.0 (17.5–30.3)
2.56 (1.67–3.93)

0.91 (0.70–1.20)
0.97 (0.50–1.98)
1.02 (0.94–1.11)
0.96 (0.91–1.00)
1.06 (0.99–1.14)
1.07 (0.76–1.50)
1.01 (0.62–1.64)

0.95 (0.76–1.3)
0.69 (0.37–1.31)
0.97 (0.92–1.02)
1.01 (0.97–1.05)
0.98 (0.94–1.03)
1.10 (0.77–1.56)
1.00 (0.57–1.75)

Results are expressed as geometric mean and 95% confidence limits in parenthesis. ECP: eosinophil cationic
protein.
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interpretation is clearly consistent with the observations that
theophylline could influence the methacholine dose-res-
ponse curve without causing significant bronchodilation.

In conclusion, this investigation has revealed that pro-
longed treatment with theophylline was associated with
a significant change in the sensitivity and slope of the
methacholine dose-response curve that was qualitatively
similar to that observed following regular treatment with
glucocorticoids, albeit to a lesser extent. Nonetheless, the
results would suggest that theophylline may have effects
complementary to glucocorticosteroids, an interpretation
recently supported by evidence showing that the addition
of theophylline to glucocorticosteroid therapy is clinically
beneficial [32].
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