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Allergic rhinitis, the most common form of atopic dis-
ease, has an estimated prevalence ranging from 5–22%
[1]. It is now widely accepted that allergic rhinitis is
sustained by an inflammatory response. Allergic mucosal
inflammation is characterized by the presence of cell in-
filtration, predominantly with immunoglobulin (Ig)E-sen-
sitized mast cells and activated eosinophils. The number
of eosinophils in nasal secretions are increased during nat-
ural exposure to allergen [2], and a similar increase occurs
during both the immediate and late-phase response to
nasal provocation with allergen [3]. Nasal secretions in
allergic rhinitis contain ECP (eosinophil cationic protein)
that is cytotoxic for nasal epithelial cells [4] and leuko-
triene C4 [5] that increases nasal resistance and is the
major leukotriene product of activated eosinophils [6].

Theophylline has been used for more than 50 yrs in
the treatment of asthma and is still the most widely used
anti-asthmatic therapy worldwide. Originally, its efficacy
has been attributed primarily to its bronchodilating effect;
however, during recent years it has been recognized that
theophylline also possesses anti-inflammatory and immu-
nomodulatory effects [7–10]. For asthmatic patients, it was

demonstrated that theophylline therapy is equally effective
with low dose budesonide therapy (400 mg·day-1) in reduc-
ing the serum ECP concentration after 6 months of treat-
ment [11]. Also, in asthmatic patients, SULLIVAN et al. [8]
observed that theophylline could reduce the infiltration of
activated eosinophils into the lung during the allergic late
phase reaction. There is also increasing evidence that these
effects are mediated by nonselective inhibition of phos-
phodiesterase isoenzymes [12].

There is limited information available about the effect
of theophylline on allergic rhinitis. Treatment out of sea-
son of asymptomatic patients with rhinitis for 1 week with
theophylline reduced both the release of mediators from
mast cells and sneezing after nasal challenge [13]. Ano-
ther study demonstrated that in patients with allergic rhi-
nitis 4 weeks of treatment with theophylline resulted in a
distinct decrease in bronchial hyperreactivity to carbachol
[14]. At the same time, lung function which was normal in
those patients remained unchanged. The authors specu-
lated that this protective effect might be related, at least
in part, to an anti-inflammatory effect of theophylline not
only in the lower, but also in the upper, airways.
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ABSTRACT: It has been recognized recently that theophylline possesses anti-inflam-
matory effects that could be of clinical interest in patients with airway inflammatory
diseases such as asthma and allergic rhinitis (AR). The aim of the present study was
to explore the effect of theophylline on the nasal eosinophilic inflammatory response
following allergen challenge in patients with AR.

Fourteen subjects suffering from seasonal rhinitis with an early reaction after na-
sal allergen provocation were challenged outside the pollen season after pretreatment
for 3 weeks with placebo or slow-release theophylline (Euphylong®) in a randomized
double-blind, cross-over study. Nasal blocking index (NBI), nasal airway resistance
and symptoms were recorded before, and 1 and 5 h after challenge; additionally,
nasal lavage fluid was collected before, as well as 1 and 5 h after challenge. Eosinophil
cationic protein (ECP) was measured in the lavage as well as the number of eosino-
phils before, and 1 h and 5 h after allergen challenge.

After 3 weeks of treatment, baseline concentrations of ECP in nasal lavage amo-
unted to 826±329 ng·L-1 (placebo) and 936±351 ng·L-1 (theophylline). The ECP levels
did not increase during the early phase response. Five hours after challenge, ECP in
the placebo group increased markedly (p<0.01), whereas no significant increase was
observed during theophylline treatment. In parallel, the number of eosinophils in the
nasal lavage fluid was lower during theophylline treatment. Additionally, theophylline
therapy also significantly reduced the nasal symptoms and had some protective effect
against nasal obstruction following allergen challenge.

These results confirm the anti-inflammatory effects of theophylline and suggest
that these effects may be of clinical benefit in patients with allergic rhinitis.
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In order to explore the potential anti-inflammatory
effects of theophylline further, we performed consecutive
measurements of ECP in nasal lavage fluid in patients
with allergic rhinitis after allergen challenge before and
after pretreatment with theophylline. This was of parti-
cular interest since, in a previous study [15], budesonide
treatment was shown to inhibit the increase in ECP in
nasal lavage during the late phase reaction. In addition,
nasal airway resistance (NAR), oral peak expiratory flow
(PEF) and nasal PEF were determined.

Patients and methods

Patients

Fourteen Caucasian volunteers (nine males) participa-
ted in the study after having given their written informed
consent. Their mean age was 27 yrs (range: 19–33 yrs).
All volunteers gave histories (during the last two or more
yrs) of rhinitis during May and June with or without mild
nasal symptoms outside the pollen season. All had a posi-
tive skin prick test to grass pollens with the appropriate
antigen extract (>4 mm wheal, >20 mm flare, with a ex-
tract concentration of ð10 protein nitrogen units·mL-1). No
history of other allergies such as house dust mite or ani-
mal dander was reported, and skin-prick tests to these
allergens were negative. One subject also had asthma and
used salbutamol on demand. Otherwise, no concomitant
medication was given during the course of the study. The
study was performed outside the pollen season. Careful
examination of sinus radiographs (absence of opacifica-
tion of both maxillary sinuses, mucosal thickening, or air-
fluid level on occipital-mental view) excluded sinusitis in
all subjects. A rhinoscopic examination was also perform-
ed, which did not show any structural abnormality or signs
of ongoing rhinitis in the 14 subjects.

Design of the study and treatment

This was a randomized, cross-over, double-blind study.
Each patient was studied on three different days. The tests
were always conducted at the same time of the day (15:00
h). The patients studied received either theophylline (10
mg·kg body weight-1·day-1) taken orally twice a day or an
identical placebo. Nasal allergen challenge and subse-
quent measurements (see below) were performed on three
occasions: at baseline, 3 weeks after the first treatment
(with either theophylline or placebo), and 3 weeks after
the second treatment. After 1 week, blood was drawn for
the determination of theophylline serum levels, and the
results were reviewed by an independent observer. If nec-
essary, the dose of theophylline was adjusted to obtain
a therapeutic plasma level between 10 and 15 mg·L-1.

There was no wash-out between the treatment periods
since the measurements (theophylline and placebo) were
performed at the end of the 3 weeks during which the sub-
jects had received either placebo or theophylline. All the
data collected at the end of the placebo or theophylline
periods were compared to the data obtained during the
baseline period. A carry-over effect of theophylline treat-
ment on the placebo period is unlikely since there was a

long interval (3 weeks) between the measurements. Fur-
thermore, the theophylline plasma level was undetectable
at day 8 of the placebo period irrespective of whether the
subjects had started with placebo or theophylline. The
study protocol was approved by the Ethics Committee of
the hospital.

Experimental procedures

Allergens were delivered into the nostrils via a com-
mercially available, hand-held atomizer used for topical
nasal therapy (Nostrilla nasal spray; Boehringer Ingel-
heim, Ridgefield, CT, USA), which delivers 0.07 mL·acti-
vation-1. During the baseline period, the allergen challenge
was started with two baseline measurements of NAR by
active anterior rhinomanometry (Rhinomat, MEDIPROM,
France) made at 15 min intervals. After these measure-
ments were made, the diluent (saline albumin 0.03%) was
instilled into both nostrils, and NAR was measured 5 min
in both nostrils thereafter. Subsequently, increasing doses
(0.2, 0.5, 0.8, 1.8, 2.8 IR) of allergen (Stallergenes®, a
mixture of five different grass pollens) were instilled into
both nostrils until NAR measured 5 min thereafter had in-
creased by at least 60% compared to the diluent. Measure-
ments of NAR were repeated 1 and 5 h after the challenge.

Nasal and oral peak flows (mini-Wright peak flow me-
ter (Clement Clarke International, Ltd, London, UK))
were recorded before, as well as 1 and 5 h after, challenge.
Nasal patency was assessed with a mini-Wright peak ex-
piratory flow meter with a face mask attached. After nasal
and oral peak expiratory flow rates (PEFRs) were deter-
mined in triplicate, the best values were used to calculate
the nasal blocking index (NBI) as follows [16]:

  Oral peak flow rate - nasal peak flow rate
NBI =

Oral peak flow rate

Nasals symptoms were evaluated as follows: sneezing:
none, 0 points; 1–3, 1 point; >3, 2 points; rhinorrhea:
none, 0 points; mild 1 point; abundant, 2 points; conges-
tion: none, 0 points; mild 1 point; complete (bilateral), 2
points; pruritus: none, 0 points; mild (eyes or throat), 1
point; severe (eyes and throat), 2 points. Scores were de-
termined before the challenge, 10 min after each allergen
dose and 1, 3 and 5 h after the challenge.

During the treatment periods, the allergen dose was in-
creased stepwise up to the dose that had caused an in-
crease in NAR of at least 60% during the baseline period.
Otherwise, the procedures and time-points for recording
NAR, nasal and oral peak flow, and symptoms were iden-
tical.

Additionally, a nasal lavage was performed before in-
stillation of the diluent and 1 and 5 h after the challenge.
The challenged nostril was lavaged with 5 mL of saline
solution, warmed to 37°C with the patient's neck extend-
ed and soft palate closed. After 10 s the lavage fluid was
recovered by using a small catheter and gentle suction.

The nasal fluids were immediately centrifuged after the
washing procedure (10 min–2,000 rpm). The supernatants
were then aliquoted and frozen within 1 h at -80°C until
the mediator and protein assays were performed.

Cells were resuspended in 100 µL PBS, and a total   cell
count was performed. An aliquot of cell suspension was
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cytocentrifuged, air dried, and stained using the May-
Grünwald-Giemsa stain. A differential count was perfor-
med on a minimum of 100 cells.

The concentration of ECP in lavage fluid and in serum
was subsequently measured with a double-antibody radio-
immunoassay (RIA). ECP assay was performed as descri-
bed by the manufacturers (Kabi Pharmacia Diagnostics,
Saint Quentin en Yvelines, France). The detection limit
was 2 µg·L-1 with an intra- and inter-assay variation of 7
and 12%, respectively. Albumin was also measured in
lavage fluid by an enzyme-linked immunosorbent assay
(ELISA) as previously described [16]. The detection limit
was 1 µg·L-1 with an intra- and inter-assay variation of 5
and 8%, respectively. Cell counts were also performed in
each lavage. The differentiation among eosinophils, neu-
trophils and epithelial cells was obtained by May-Grün-
wald-Giemsa staining. The number of inflammatory cells
(neutrophils, eosinophils) was evaluated by counting the
absolute number of each cell type at 250-fold magnifi-
cation in 25 microscopic fields spread over the whole
slide [17]. Specimens were examined microscopically by
a technician who was not directly involved in the study
and who was unaware of the clinical data.

During the treatment periods, theophylline serum lev-
els were determined before the start of the challenge.
Thereafter, the last capsule of the trial medication was
swallowed. In patients 6–14, additional theophylline se-
rum measurements were performed 6 h after the last dos-
ing.

Statistical analysis

All the results are expressed as mean±SEM. The Wilco-
xon signed-rank test was used to compare subjects; 1) for
each treatment period between baseline and 1 and 5 h after
allergen challenge, and; 2) for each time-point, between
theophylline and placebo treatment. Correlations between
the different parameters were performed using Spearman's
test.

Results

Symptoms, peak flow measurements and NAR

Following nasal allergen challenge, all patients exhib-
ited sneezing, rhinorrea, pruritus and nasal obstruction as
shown in fig. 1. A significant increase in the clinical score,
as compared to the prechallenged clinical score, was ob-
served during the placebo period 1 and 5 h after the nasal
challenge (pð0.005). During the theophylline period, a
significant increase in the nasal clinical score was also
observed at 1 h (pð0.005), whereas at 5 h, there was no
significant increase in clinical score as compared to the
prechallenge values. When compared with the placebo
period, the clinical score during the theophylline period
was significantly lower at 1 h (placebo 3.46±0.38 vs theo-
phylline 2.18±0.18, pð0.05) and at 5 h (placebo 1.64±0.4
vs theophylline 0.72±0.15, pð0.05).

Nasal obstruction, as assessed by NBI, followed a si-
milar pattern to the clinical score (fig. 2). NBI was sig-
nificantly increased at 1 h (p<0.01), compared with the

prechallenge values, both the placebo and treatment. A
significant increase in NBI, as compared to before nasal
challenge, was still observed at 5 h with placebo (pð0.01)
but not with theophylline.

In figure 2, the mean values of NAR are shown for the
theophylline and placebo periods. It should be noted that
the prechallenge values were lower during the theophyl-
line period than during the placebo period. Nasal chal-
lenge at 1 h and at 5 h induced an increase in NAR during
the placebo and theophylline trial periods. The difference
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Fig. 1.  –  Mean values±SEM of nasal symptom scores before nasal chal-
lenge, at 1 h and 5 h after nasal allergen challenge.      : placebo;       :
theophylline. +: p≤0.005 as compared with prechallenge; §: p≤0.05
theophylline vs placebo.
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Fig. 2.  –  a) mean values±SEM of nasal blocking index (NBI) before nasal
challenge, at 1 h and 5 h after nasal challenge. b) mean values±SEM of
nasal airway resistance (NAR) before nasal challenge, at 1 h and 5 h after
nasal challenge.       : placebo;       : theophylline. *,**: p≤0.05, p<0.01
as compared with prechallenge.
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between the placebo and theophylline was not statistically
significant. NAR was significantly higher than the pre-
challenge values during theophylline treatment (p<0.05).

Lavage

Except for epithelial cells (= majority of cells), eosino-
phils and neutrophils, no other cell types were recovered.
The volume recovered was 4.17±0.3 mL.

The number of neutrophils per nasal lavage was sig-
nificantly higher (pð0.05) at 1 h and 5 h as compared to
the prechallenge values during the placebo period, where-
as no significant difference with the prechallenge values
was noted during the theophylline period (fig. 3).

No significant change in the number of eosinophils, as
compared to the prechallenge values, was noted after na-
sal challenge during the theophylline period at 1 h and 5 h
(fig. 3). By contrast, during the placebo period, a signifi-
cant increase in eosinophils per nasal lavage, as compared
to the prechallenge values (pð0.005) occurred at 5 h.
Baseline readings in ECP levels prior to challenge were
very comparable for placebo and theophylline, and no sig-
nificant change was seen 1 h after challenge. ECP levels
measured at 5 h during placebo treatment were significan-
tly higher compared to the control challenge (pð0.005),
whereas it was not significantly different during theophyl-
line treatment (p=0.2) (fig. 4). A significant correlation
was observed between the changes in eosinophils and
ECP during theophylline period (p<0.01 and p<0.03, 1 h
and 5 h after nasal challenge, respectively).

No significant change in the serum level of ECP, as
compared to the prechallenge value, was noted at any time
with either placebo (7.8±2, 6.3±1.7, 5.7±1.5 µg·mL-1 at
prechallenge, 1 h and 5 h, respectively) or theophylline
(10.2±2.3, 9.2±2.8, 12.2±3.5 µg·mL-1 at prechallenge, 1 h
and 5 h).

Five hours after challenge, albumin increased by 100%
during the placebo period as compared to the baseline,
whereas during the theophylline period, the increase amo-
unted to only 43% (9,626±4,493 and 3,629±1,455 µg·L-1

respectively).

Theophylline serum concentrations

The morning theophylline serum concentrations were
10.0±0.55 mg·L-1. The serum concentrations 6 h thereafter
were 12.6±0.6 mg·L-1 (n=9).

Adverse events

Seven subjects reported adverse events (nausea and vom-
iting, headache, palpitations, trembling, insomnia, stomach
pain, diarrhoea, polyuria) during the theophylline treatment
period and three during the placebo period (headache, pal-
pitations, insomnia, pharyngitis). The adverse events were
usually mild and transient. No subject withdrew from the
trial because of adverse events.

Discussion

We have shown that, compared with the placebo, 3
week treatment with oral slow-release theophylline decre-
ases symptoms, prevents nasal obstruction, and reduces
the influx of eosinophils as well as the increase in ECP
concentration in nasal lavage fluid after allergen chal-
lenge.

The clinical effects of theophylline observed in our
study occurred at serum concentrations in the therapeutic
range of 8–15 mg·L-1. Treatment of asthmatic patients suf-
fering from concomitant rhinitis with theophylline thus
offers the chance of treating both diseases with one drug.
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In a previous study [14], it has been shown that theophyl-
line was able to decrease the bronchial responsiveness
significantly in patients with allergic rhinitis. In contrast,
bronchial inhaled steroids do not affect allergic inflamma-
tion in the nose [18], contrary to topical nasal or oral ster-
oids [18, 19]. In this context, it should be noted that in a
study of patients with bronchial hyperreactivity not asso-
ciated with upper airway disease, theophylline had no
effect on bronchial responsiveness [20].

The changes in ECP concentration in nasal lavage fluid
observed in our study with theophylline as compared to
the placebo are consistent with an effect of the drug on
eosinophils. In this study, we observed that during the pla-
cebo period, allergen challenge increases eosinophils and
neutrophils in the nasal lavage-fluid at both 1 and 5 h. It
should be noted, however, that the number of cells recov-
ered in our patients was lower than the number reported in
a previous study in similar patients [21]. This difference
may be due to the technique of nasal fluid recovery. In-
deed, in the latter study, the nasal secretions were directly
collected by having the patient blow his or her nose into a
polyethylene sheet. In our study, saline was first instilla-
ted, and the fluid was then recovered by gentle suction
using a small catheter. The latter procedure certainly dilu-
ted the nasal secretions markedly and in turn led to the
recovery of fewer cells. Nevertheless, theophylline mark-
edly inhibited the increase in eosinophils after allergen
challenge and particularly at 5 h, as compared to the pla-
cebo period. This effect on ECP is consistent with recent
work that has shown that 6 months treatment with oral
theophylline reduces the concentration of plasma ECP in
asthmatic subjects [14]. In that study, theophylline was
equally effective to a low dose of inhaled budesonide (400
mg·day-1). It should be noted, however, that the full anti-
inflammatory effect of inhaled steroids is reached within
4–6 weeks after the onset of administration, whereas the
onset of action of theophylline occurs more rapidly (with-
in 2–4 days).

Our data, although obtained in a small number of pati-
ents, support recent studies that demonstrate that theophy-
lline has anti-inflammatory activities [22]. In particular,
there is substantial experimental evidence that theophylline
inhibits eosinophil recruitment [23] as well as eosinophil
derived neurotoxin and ECP secretion [24] and eosinophil
chemotaxis [25]. Furthermore theophylline has been shown
to induce in vitro apoptosis of eosinophils [26]. Theophyl-
line may have also affected mast cells. It has been shown
that theophylline at therapeutic concentrations reduces the
amount of antigen-induced mediator release from mast
cells [13]. Moreover, in patients with perennial rhinitis, it
has been shown that mast cells are an important source of
preformed cytokines such as interleukin (IL)-5 [27]. The
latter cytokine is a potent growth and differentiation fac-
tor, activator, and chemoattractant for eosinophils [28]. It
is possible, therefore, that an effect of theophylline on
mast cells may explain, at least in part, the decrease in
the number of eosinophils and nasal fluid ECP concentra-
tion observed with theophylline. These anti-inflammatory
effects of theophylline are also supported by a recent study
of an asthmatic subject [29]. In this study, theophylline
markedly enhanced IL-10 production by peripheral blood
mononuclear cells. Recent findings indicate that IL-10
might prevent allergic inflammation induced by T-lympho-
cyte helper 2 (Th2) by inhibiting the production of cyto-

kines involved in the differentiation, activation and recruit-
ment of eosinophils as well as by direct suppressive effects
on eosinophils and mast cells [30]. In this context, it has
been shown that the production of IL-5 by activated T-cells
is a key event in the induction of eosinophilic inflammation
[30], which is an important feature of allergic disease such
as allergic rhinitis and bronchial asthma. In humans, IL-10
was found to inhibit IL-5 synthesis by resting CD4+ T-
cells and by differentiated Th0 or Th2 clones [31]. Thus, by
enhancing IL-10 production [29], theophylline might be
useful in controlling Th2 mediated inflammatory processes
that are involved in the accumulation of activated eosino-
phils in target tissues.

Whatever the exact anti-inflammatory effects of theo-
phylline and particularly on eosinophils, it should be
noted that in our study at the time of maximal allergen
dose, theophylline significantly decreased nasal obstruc-
tion. For 200 µg fluticasone·day-1, LOZEWICZ et al. [32] found
an effect on nasal obstruction of the same order of magni-
tude. Although it is difficult to compare drug effects
between various studies with different set-ups and differ-
ent patients, one might conjecture that the efficacy of oral
theophylline is comparable to that of nasal steroids. This
effect of theophylline on nasal inflammation and obstruc-
tion may be clinically relevant in patients with asthma
since several studies have shown the frequent association
between both diseases [1]. However, the present study
is merely an experimental provocation study with all
its limitations. Additional studies are needed to confirm
this, and to evaluate further the potential clinical effects of
theophylline on the nasal inflammatory processes and
symptoms of patients with allergic rhinitis as well as the
potential beneficial effect of theophylline on airway hy-
perresponsiveness frequently observed in patients with
allergic rhinitis.
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