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Effect of once daily and twice daily sustained
release theophylline formulations on daytime
variation of bronchial hyperresponsiveness in
asthmatic patients

Marcello Ferrari, Mario Olivieri, Guido Lampronti, Lucio Bonazza, Cristina Biasin,
Pantaleo Nacci, Giorgio Talamini, Vincenzo Lo Cascio

Abstract the daytime, the protective activity against
methacholine during the 12 hours of theBackground – Previous studies evaluating
monitoring period being constant. Fur-spirometric values and symptoms have
thermore there was no difference in theshown that once daily theophylline ad-
mean FEV1 between the two treatments atministered in the evening produces greater
14.00 and 20.00 hours.stabilisation of the airway function in asth-
Conclusions – In adults with stable bron-matic patients than the prototype theo-
chial asthma treatment with a single dosephylline given twice a day. The aim of
of Diffumal-24 administered in the even-this study was to compare the effects on
ing improved airflow obstruction and re-bronchial responsiveness to methacholine
duced bronchial hyperresponsiveness.of an ultrasustained release theophylline
(Thorax 1997;52:969–974)formulation (Diffumal-24, Malesci, Flor-

ence, Italy) administered once a day, a
Keywords: theophylline, bronchial hyperresponsive-sustained release theophylline formulation ness, bronchial asthma.

(Theo-Dur, Recordati, Milan, Italy) ad-
ministered twice a day, and placebo.
Methods – The study was performed in 12 Oral theophylline formulations are widely used
adult patients with asthma using a ran- in the treatment of bronchial asthma. During
domised, double blind, three phase, cross- the past 10 years increased knowledge of the
over design. Each phase lasted seven days pharmacokinetics, availability of theophylline
and was followed or preceded by at least assays, and the development of sustained re-
three days of theophylline washout. Diffu- lease formulations have led to a safer and more
mal-24 was administered once a day at effective use of the drug.1 The therapeutic ad-
20.00 hours whereas Theo-Dur was given vantages of sustained release formulations have
twice a day at 08.00 hours and 20.00 hours. mainly been attributed to their ability to reduce
In each patient the total daily dose of theo- fluctuations in plasma theophylline con-
phylline was the same during both phases. centrations and, consequently, to keep serum
The dose of the two active preparations levels of the xanthine within the narrow thera-
was titrated to individual needs before the peutic range during the 24 hours.2 For this
beginning of the study and then given in reason, slow release theophylline formulations
divided or once daily doses. At 08.00, 14.00, given twice a day are theoretically more effect-
and 20.00 hours on day 7 of each phase ive than the more recently introduced ul-
serum theophylline concentrations were trasustained release theophylline formulations
measured and spirometric tests (FEV1) designed to allow once a day dosing which
and bronchial challenge with metha- produce larger fluctuations in serum levels of
choline were also performed. the xanthine.3 4

Institute of Semeiotica Results – When the administration of The concept that the smaller the fluctuationsand Nefrologia Diffumal-24 was compared with that of in serum theophylline levels the better is theMedica, University of
Verona, Italy Theo-Dur, a higher serum theophylline control of asthma symptoms is based on the
M Ferrari concentration of the former was seen in assumption that airway requirements for treat-M Olivieri the morning whereas at 20.00 hours the ment and airway function are the same duringG Lampronti

reverse was true. Compared with placebo,L Bonazza the night and the day. However, most patients
C Biasin at 08.00 hours Diffumal-24 improved FEV1 with asthma have a significant increase in theP Nacci whereas Theo-Dur did not (difference be- daytime variations of airway calibre and airwayG Talamini

tween treatments 0.29 l, 95% CI 0.12 toV Lo Cascio hyperresponsiveness and have significant wor-
0.45). At 08.00 hours Diffumal-24 de- sening of their symptoms at night and in theCorrespondence to:
creased bronchial sensitivity to metha-Dr M Ferrari, Medicina early morning.5–9

Interna D, Ospedale choline, expressed as a natural logarithm It has been suggested that an ideal broncho-Policlinico, 37134 Verona,
Italy of PD20, to a greater extent than Theo-Dur dilator should have its maximal effect at the

(difference between treatments 0.54 logReceived 4 January 1995 time of the greatest bronchial obstruction and
Returned to authors units, 95% CI 0.016 to 1.08). The morning hyperresponsiveness.10 This can be attained by9 February 1995

advantage observed with Diffumal-24 ad-Revised version received administering a once a day formulation in the
5 August 1997 ministration was not associated with a de- evening which results in higher serum levels inAccepted for publication
12 August 1997 terioration in the state of the airway during the night and early morning.10
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Diffumal-24 is an ultrasustained release theo-Table 1 Patient characteristics
phylline formulation that produces peakPatient Sex Age Smoking FEV1 PD20 Daily heophylline dose
theophylline concentration 10 hours after theno. (years) history (% pred) (lg) (mg/24 h)
oral administration of 600 mg (personal un-1 F 51 N 71 506 600
published results). All the tablets could be2 M 62 N 78 450 900

3 M 56 N 94 296 700 broken in half. A matching placebo was also4 M 55 N 75 25 900
used to allow the study to be blind.5 M 40 E 74 80 800

6 M 28 N 83 155 600 The study began with a theophylline dosage7 M 29 E 77 178 700
titration period. While taking their pretrial slow8 F 54 N 72 46 600

9 M 23 N 99 110 700 release theophylline twice a day each patient10 F 33 N 95 25 600
had his/her dosage adjusted, if necessary, to11 M 26 N 95 60 700

12 F 55 N 85 116 700 produce morning theophylline concentrations
Mean (SE) 41.5 (4.0) 84.0 (2.6) 170.5 (46.8) 708.3 (31.3) of [8 mg/l. This theophylline dose was then
N=never smoker; E=ex-smoker. administered as a single dose of Diffumal-24

at 08.00 hours or divided into two doses of
Theo-Dur at 08.00 and 20.00 hours.

The study was of a double blind, crossover,Previous studies evaluating spirometric val-
ues and symptoms have shown that once a placebo controlled design. Patients were as-

signed to treatments according to a 3×3 latinday theophylline administered in the evening
produced greater stabilisation of airway func- square design and received orally for seven

days, in three separate periods, either placebo,tion than the prototype theophylline for-
mulation given twice a day to asthmatic once daily sustained release theophylline, or

the same dosage of twice daily sustained releasepatients.10 11 In recent years emphasis on bron-
chial hyperresponsiveness as an important theophylline. The placebo and both once daily

and twice daily theophylline formulations werefeature of asthma has become generally
accepted.12 13 We have therefore compared the contained in identical wafers. The procedure

was as follows: (1) two wafers containingeffects on bronchial hyperresponsiveness in
adult patients with asthma of once a day theo- placebo in the morning and two in the evening;

(2) two wafers containing Theo-Dur at 08.00phylline administered in the evening with that
of a reference theophylline formulation given hours and two at 20.00 hours; (3) two wafers

containing placebo at 08.00 hours and twotwice a day.
wafers containing Diffumal-24 at 20.00 hours.
The three treatment periods were separated by
a washout period of at least three days.Methods

 Inhaled b agonists were continued through-
out the trial and patients were asked to keepTwelve non-smoking asthmatic subjects (eight

men) of mean age 41.5 years (range 23–62) the daily dosage of these medications constant
until the seventh day of each treatment periodtook part in the study (table 1). The diagnosis

had been established using the criteria defined at which time they were withheld for 12 hours
before performing spirometric tests and theby the American Thoracic Society.14 Res-

piratory symptoms were well controlled by ad- methacholine challenge. Drugs known to affect
theophylline metabolism were withdrawn threeministration of theophylline or inhaled b

agonists which were part of their therapeutic weeks before the onset of the study and were
not allowed during the trial. The patients wereregimen. Treatment with drugs affecting bron-

chial responsiveness such as steroids or inhaled asked to refrain from coffee and tea and from
any medication containing xanthines (exceptcromolyn had been suspended during the

month before the beginning of the study if the the study drugs as specified). On the seventh
day of each treatment period the patientspatient had been taking them previously. Eight

had a positive skin test reaction to aeroallergens underwent spirometric tests and bronchial
challenge with methacholine at 08.00, 14.00,but were not exposed to the relevant allergens

during the study. Pregnant patients or nursing and 20.00 hours At these times blood samples
were taken for theophylline analysis.mothers were excluded as were patients with

clinically significant cardiac, renal, hepatic or
metabolic disease. All subjects had proven air-
way hyperresponsiveness – that is, a 20% de-    

crease in forced expiratory volume in one
second (FEV1) with Ζ1500 lg methacholine Forced expiratory volume in one second

(FEV1) was measured using a water sealed(the method of methacholine challenge is de-
scribed below). Basal FEV1 values were above spirometer (Biomedin, Padua, Italy) and the

bronchial challenge with methacholine was car-70% of the predicted value15 for all subjects.
Patients gave written informed consent prior ried out using an ampoule dosimeter device

(Mefar, Brescia, Italy). The dosimeter wasto participation in the study.
triggered by an inspiration activated solenoid
valve which remained open for one second to
allow the generation of an aerosol with pres-   

The test medications were Theo-Dur (200 mg, sured air of 1.5 kg/cm2. Two solutions of metha-
choline (Sigma Chemie, 0.1% and 1.0%,twice daily sustained release theophylline tab-

lets; Recordati Spa, Milan, Italy) and Diffumal- respectively) in a phosphate buffer were pre-
pared daily. After an initial inhalation of phos-24 (200 mg, once daily sustained release theo-

phylline tablets; Malesci Spa, Florence, Italy). phate buffer only, methacholine was inhaled by
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Dosage frequency of sustained release theophylline in asthma 971

the subjects in doses ranging from 20 lg to a
total cumulative dose of 2000 lg. The dose
was increased by changing the methacholine
concentration and/or the number of breaths.
FEV1 was determined immediately before the
challenges, after inhalation of the buffer, and
after each inhalation of methacholine. The
methacholine test was ended when FEV1 fell
more than 20% compared with the value meas-
ured after the buffer challenge. The results of
the bronchial challenge were expressed by the
dosage of methacholine causing a 20% fall of
FEV1 (PD20). We calculated this datum by
interpolating in the semilogarithmic dose-re-
sponse curve, the point corresponding to the
dose causing the fall in FEV1 just below 20%
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with the point corresponding to the dose caus- Figure 1 Mean (SE) steady state serum theophylline
ing the FEV1 just above it. concentrations in 12 asthmatic patients during treatment

with once daily slow release theophylline (Diffumal-24)
administered at 20.00 hours and twice daily slow release
theophylline (Theo-Dur) administered at 08.00 and 20.00
hours. During the placebo treatment period serum
theophylline levels were unmeasurable. The measurements  
were taken on day 7 of treatment. At 08.00 hours and atBlood samples for theophylline assay were col-
20.00 hours serum levels of theophylline after the two

lected from a forearm vein at 08.00, 14.00, active drugs were significantly different (p<0.001 and
p<0.01, respectively).and 20.00 hours on the seventh day of each

treatment period. Samples were coded so the
technician did not know which preparation
was represented by any given sample. Serum
theophylline concentrations were assayed in Serum theophylline concentrations were un-

determinable during the placebo treatmentduplicate by means of a homogenous enzyme
immunoassay (Emit, Syva Inc, Palo Alto, Cali- period in all the patients. Diffumal-24 pro-

duced a significantly higher serum theophyllinefornia, USA). The coefficient of variation for
theophylline assay was 4.9%. From the serum concentration than Theo-Dur at 08.00 hours

(16.6 (1.1) versus 10.1 (0.6) mg/l, p<0.001).theophylline concentrations over time, the area
under the curves (AUC) was calculated by However, at 20.00 hours serum theophylline

levels after Theo-Dur (10.8 (1.0) mg/l) werelinear trapezoidal rule.
higher than those seen after Diffumal-24 (8.3
(0.7) mg/l, p<0.01). No difference in theo-
phylline concentration between the two drugs
was found at 14.00 hours (Theo-Dur, 12.3 

The data are expressed as mean (SE) values. (1.0) mg/l; Diffumal-24, 11.2 (0.9) mg/l).
Within-drug comparison revealed that duringAnalysis of variance (ANOVA) for repeated

measures was first performed to assess the the Diffumal-24 treatment period the mean
serum theophylline concentrations at 08.00,relevance of various factors (treatment, time

of sample collection, and treatment by time 14.00, and 20.00 hours were significantly
different from one another (p<0.01). Duringinteraction) in explaining the observed changes

in FEV1, PD20 and theophylline serum levels. Theo-Dur dosing there was no difference be-
tween the mean concentrations of theophyllinePD20 values were log transformed (natural log-

arithm, lnPD20) before the analysis. If the inter- measured at 08.00 hours and 20.00 hours, but
at 14.00 hours the mean concentration wasaction term was statistically significant – that

is, the relative effects of treatments varied mark- significantly higher.
The relative bioavailabilities of theophyllineedly at different sample times – thus leading

to incorrect estimates of treatment and time measured over the 12 hour period were similar
with both therapeutic regimens, the Theo-Dureffects, separate analysis by treatment and by

time was performed. A Duncan test for multiple to Diffumal-24 ratio of the area under the
concentration-time curve being 0.96.comparisons was used to assess the grouping of

treatments and times when the corresponding At 08.00 hours one patient had a serum
theophylline concentration below 8 mg/lANOVA F test was significant at the specified

alpha level. (7.8 mg/l) after treatment with Theo-Dur, and
one patient had a serum theophylline con-
centration above 20 mg/l (23 mg/l) after treat-
ment with Diffumal-24. No patient complained
of clinically significant adverse effects followingResults

    b administration of theophylline.
The mean daily dosage of inhaled b agonist 

The mean daily theophylline dose during the was one puff three times daily. The patients
were asked to keep the daily dosage constanttrial period was 708.3 mg (range 600–900 mg).

The mean theophylline concentrations are and no difference in the frequency of b agonist
use was found during the three treatmentshown in fig 1. The interaction term treatment

by time was statistically significant (p<0.001). periods.
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Figure 3 Mean (SE) values of FEV1 in 12 asthmaticFigure 2 Effect of treatment with once daily slow release
theophylline (Diffumal-24) administered at 20.00 hours, patients during treatment with once daily slow release

theophylline (Diffumal-24) administered at 20.00 hours,twice daily slow release theophylline (Theo-Dur)
administered at 08.00 and 20.00 hours and placebo on twice daily slow release theophylline (Theo-Dur)

administered at 08.00 and 20.00 hours, and placebo. ThelnPD20. The bars indicate standard error. The
measurements were taken on day 7 of treatment. The measurements were taken on day 7 of treatment. The

difference between FEV1 measured at 08.00 hours afterdifferences between lnPD20 measured at 08.00 hours after
Diffumal-24 and placebo, and at the same time after Diffumal-24 and placebo was statistically significant

(p<0.01).Diffumal-24 and Theo-Dur were statistically significant
(p<0.01 and p<0.05, respectively).

hours, 5.81 (0.37) at 14.00 hours, 5.6 (0.36)
    at 20.00 hours) relative to placebo at each
The changes in methacholine hyperresponsive- testing time. During Diffumal-24 treatment
ness expressed as lnPD20 are shown in fig 2. In lnPD20 values were 5.73 (0.36), 5.75 (0.47),
table 2 the differences at each time between 5.29 (0.44) at 08.00, 14.00, and 20.00 hours,
treatments, with 95% confidence interval (CI), respectively. At 08.00 hours the differences
are reported. The interaction term treatment between lnPD20 values recorded after Diffumal-
by time was statistically significant (p<0.05). 24 and placebo and after Diffumal-24 and

During placebo administration the mean val- Theo-Dur were statistically significant
ues of lnPD20 were 4.70 (0.28) at 08.00 hours, (p<0.01, p<0.05, respectively; table 2). No
5.01 (0.34) at 14.00 hours and 5.35 (0.32) at difference between treatments was found at
20.00 hours. The lnPD20 measured at 08.00 14.00 hours and 20.00 hours. When the
hours was significantly lower than that obtained patients with theophylline serum levels below
at 20.00 hours (p<0.01) whereas no difference 8 mg/l were withdrawn from the analysis the
was found between the values recorded at any difference between the effect of Diffumal-24
other time. and Theo-Dur on methacholine induced

With Theo-Dur the lnPD20 was increased, bronchoconstriction at 08.00 hours was still
though not significantly (5.18 (0.31) at 08.00 significant.

Diffumal-24 stabilised the bronchial re-
sponse to methacholine so that there was no

Table 2 Analysis of differences in lnPD20 between treatments at 08.00, 14.00, and significant difference between the mean values
20.00 hours of lnPD20 at 08.00, 14.00, and 20.00 hours.

However, during Theo-Dur treatment theTime Treatment Mean 95% CI
(hours) mean values of lnPD20 at 08.00 hours were

significantly lower than at 14.00 hours08.00 Once daily SRT vs placebo 1.034 0.618 to 1.450
Twice daily SRT vs placebo 0.486 −0.015 to 0.988 (p<0.05).Once daily SRT vs twice daily SRT 0.548 0.016 to 1.082

14.00 Once daily SRT vs placebo 0.749 −0.089 to 1.588
Twice daily SRT vs placebo 0.808 −0.092 to 1.523
Once daily SRT vs twice daily SRT −0.058 −0.788 to 0.671

120.00 Once daily SRT vs placebo 0.029 −0.604 to 0.662
The mean FEV1 values at each measurementTwice daily SRT vs placebo 0.265 −0.495 to 1.025

Once daily SRT vs twice daily SRT −0.236 −1.037 to 0.565 time after placebo, Theo-Dur, and Diffumal-
24 are shown in fig 3 and in table 3 the differ-SRT=slow release theophylline.
ences at each time between treatments with
95% CI are reported. The interaction term

Table 3 Analysis of differences in FEV1 between treatments at 08.00, 14.00, and treatment by time was statistically significant
20.00 hours (p<0.03).
Time Treatment Mean 95% CI After placebo the mean (SE) FEV1 values
(hours) were 2.8 (0.2), 3.0 (0.3), 2.9 (0.3) l at 08.00,
08.00 Once daily SRT vs placebo 0.292 0.126 to 0.457 14.00, and 20.00 hours, respectively. There was

Twice daily SRT vs placebo 0.141 −0.101 to 0.383 no statistically significant difference in FEV1Once daily SRT vs twice daily SRT 0.151 −0.077 to 0.379
between any time points while on placebo. The14.00 Once daily SRT vs placebo 0.078 −0.083 to 0.239

Twice daily SRT vs placebo 0.093 −0.127 to 0.313 once daily theophylline formulation (Diffumal-
Once daily SRT vs twice daily SRT 0.015 −0.113 to 0.144 24) resulted in significantly higher FEV1 values20.00 Once daily SRT vs placebo 0.036 −0.238 to 0.309
Twice daily SRT vs placebo 0.107 −0.143 to 0.357 at 08.00 hours (3.2 (0.3) l) than at 20.00 hours
Once daily SRT vs twice daily SRT −0.143 −0.363 to 0.078 (2.9 (0.2) l; p<0.02) which, in turn, were sig-

SRT=slow release theophylline. nificantly lower than at 14.00 hours (3.1 (0.3) l;
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Dosage frequency of sustained release theophylline in asthma 973

p<0.01). During the Theo-Dur treatment contrary, it is of critical importance to produce
the maximum serum theophylline con-period there were no significant differences

between FEV1 at 08.00 hours (3.0 (0.2) l), centrations in the early morning which is the
time when bronchial hyperresponsiveness is14.00 hours (3.1 (0.2) l), and 20.00 hours

(3.0 (0.2) l). The once a day formulation of highest.
Our study therefore adds a further piece oftheophylline produced significantly greater

bronchodilation than placebo at 08.00 hours evidence in favour of the concept that optimal
control of asthma requires that maximum con-(p<0.01) whereas the twice a day formulation

did not. No significant difference was found in centrations of theophylline are achieved at the
time of the patient’s greatest need for airwayFEV1 between treatments at 14.00 hours and

20.00 hours protection11 rather than minimisation of fluc-
tuation in serum levels of the drug.21 22

After evening administration of the once a
day formulation there was a significant increaseDiscussion

During placebo administration the lowest mean in FEV1 values in the morning compared with
placebo which did not occur after Theo-Dur.values of PD20 were found at 08.00 hours with

a progressive increase in the parameter at 14.00 However, no difference between the effect of
the two theophylline products was found atand 20.00 hours, consistent with previous

reports of diurnal variation in airway 14.00 and 20.00 hours. These findings confirm
previous studies showing that once daily theo-responsiveness.9 16 Despite the substantial

morning fall in PD20 there was no significant phylline therapy is as effective or more so than
twice daily therapy for controlling asthma23–28 indaytime variation in FEV1. These data support

the hypothesis that the increase in bronchial patients with severe11 or moderately severe10 28

airflow limitation. They also show that theresponsiveness is not dependent on, or need
not result in, airflow obstruction.17 drug has a similar benefit in patients with mild

bronchial obstruction.The administration of the once daily theo-
phylline formulation at 20.00 hours produced After treatment with the once a day theo-

phylline formulation only one subject had theo-a decrease in the morning sensitivity to metha-
choline that was significantly greater than that phylline serum levels above 20 mg/l in the

morning. We cannot exclude that serum con-seen after the twice daily regimen. The better
protective effect of Diffumal-24 compared with centrations above the therapeutic range might

have occurred in other patients during theTheo-Dur may be due to the higher serum
theophylline concentrations obtained at 08.00 night, even though none complained of clin-

ically relevant adverse effects. This point musthours and suggests a dose-related effect of
theophylline on bronchial hyperresponsive- be carefully considered when the total dose of

theophylline is administered in the evening.ness.18–20 Another explanation for the better
protective effect against methacholine seen with The design of our study did not enable us

to check for carry over effects of treatment.Diffumal-24 might be the higher mean FEV1

values registered at 08.00 hours after ad- However, carry over effects are unlikely since
a washout period of at least three days (whichministration of the once daily theophylline (see

below). However, the difference between FEV1 in many patients lasted for 4–6 days) seems
adequate to eliminate theophylline completelyvalue at 08.00 hours after Theo-Dur and Di-

ffumal-24 was slight and not statistically sig- in patients without cardiac or hepatic disease.
In conclusion, our results have shown that anificant so an alternative hypothesis, such as

an effect of theophylline on bronchial re- once a day theophylline formulation taken in
the evening compared with a twice a day for-sponsiveness not dependent on its broncho-

dilating activity, cannot be excluded. mulation results in a higher serum theophylline
concentration in the morning when maximumThe morning advantage of this particular

once a day theophylline formulation – that is, airway narrowing and hyperresponsiveness
occur. This improves bronchial obstruction andthe greater effect on airways at 08.00 hours in

comparison with the conventional twice daily significantly reduces sensitivity to methacholine
in the morning without a deterioration in thetheophylline treatment – was not associated

with a deterioration in the state of the airway state of the airways during the daytime. Al-
though it is tempting to speculate that theduring the day; the protective activity against

methacholine of Diffumal-24 and Theo-Dur at clinical use of a theophylline ultrasustained
release formulation is justified by its efficacy14.00 hours and 20.00 hours was not sig-

nificantly different even if higher theophylline in decreasing bronchial hyperresponsiveness as
well as its established bronchodilator effect-serum levels were attained at 20.00 hours with

the twice a day formulation. Furthermore, even iveness,1 long term studies are necessary to
support this hypothesis definitively. Moreover,though the fluctuation in serum theophylline

concentration was considerably greater during further investigations are needed to clarify
whether the results obtained in our patientstreatment with the once a day theophylline

formulation, the variability over 24 hours in might be applied to subjects with more severe
disease and/or with more severe bronchialPD20 was far less, indicating a greater stability of

bronchial hyperresponsiveness with the evening hyperresponsiveness.
administration of the once daily theophylline
formulation. These findings indicate that, when 1 Hendeles L, Weinberger M. Theophylline: a state of the art

review. Pharmacol Ther 1973;3:2–44.low grade airway reactivity is present (as in
2 Tabachnik E, Scott P, Correia J. Sustained-release theo-the evening), it is unnecessary to attain high phylline: a significant advance in the treatment of child-

hood asthma. J Pediatr 1982;100:484–92.theophylline serum concentrations. On the
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