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Efficacy of sustained release theophylline given at three
different evening intake times in addition to a
baseline medication
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ABSTRACT: In this randomized crossover study of 26 outpatients with
bronchial asthma the efficacy of a new once-daily theophylline formulation
given In addition to a baseline medication was investigated; moreover,
under steady state conditions, the effect of three evening intake times (6,
8 and 10 p.m.) on 24 h pharmacokinetics and peak-expiratory flow profiles
was evaluated. The theophylline dose had been individually titrated. The
pharmacodynamic results show a marked improvement of 24 h peak
expiratory flow values after adding theophylline to a drug therapy includ-
ing inhalative p,-agonists and corticosteroids in nearly all and inhalative
anticholinergics in 50% of the treated outpatients. No significant differ-
ences between the pharmacokinetic characteristics and the 24 hr averages
(mesors) of peak expiratory flow at the three different intake times 6, 8 and
10 p.m. were found; however, intake at 10 p.m. resulted in the highest
nocturnal excess of serum theophylline concentrations and the highest peak
explratory flow during the early morning hours between 2 and 6 a.m.
Eur Respir J., 1990, 3, 176-181.

Appropriate theophylline sustained-release formulations
have been shown to be particularly useful in patients
with nocturnal asthma [1-8]; the preferred dosage schemes
in previous studies have been either a once-daily admini-
stration in the evening [2, 4, 6-8] or an unequally
divided twice-daily dosage with administration of two
thirds of the daily dose in the evening and one third in
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dosing in fast metabolizers. Previous studies have
demonstrated low peak trough differences [9] and no
clinically relevant food effects [10, 11].

Patients and methods

the morning [1, 3, 5).

The efficacy of theophylline compared to a baseline
therapy or to placebo has so far not been investigated
over 24 h with regular measurements of lung function
parameters every 2 h. The aim of this study with a new
theophylline sustained-release formulation was to inves-
tigate the efficacy in addition to clinically adjusted base-
line therapy, which included inhalative B,-agonists and
corticosteroids in nearly all patients. Also to be investi-
gated was whether different evening intake times had a
clinically relevant effect on pharmacokinetic characteris-
tics and 24 h peak expiratory flow profiles.

The test drug was a new theophylline sustained-release
pellet formulation with in vitro release independent of
pH- (imitating gastric acid), rpm- (rotational speed in the
dissolution apparatus, imitating gastrointestinal motility)
and surfactant (imitating cholic acids) (EUPHYLONG?®,
Byk-Gulden Pharmaceuticals). It has been designed for
once-daily dosing in the evening in normal or slow
metabolizers and for unequally divided twice-daily

Patients

Thirty asthmatic patients with at least partially revers-
ible airway obstruction (AFEV, 2 15%, 15 min after two
puffs of salbutamol) were included. Three palients
dropped out; one dropout was likely due to theophylline
related side effects. Another patient was withdrawn be-
cause of irregular drug intake prior to steady state. The
protocol correct and key point available analysis included
26 patients, 19 males and 7 females, aged (median and
range) 48 (22-72) yrs and weighing 74 (57-90) kg. The
additional medication remained unchanged throughout the
study.

Study design

Initially, a 28 h baseline peak flow profile was per-
formed with measurements every two hours under the
additional medication, but without theophylline. The daily
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theophylline dose was individually titrated based on the
serum theophylline concentration at 8 a.m. in steady state
using the formulation-related one-point method [12].

This was followed by three 28 h periods with blood
withdrawals for serum theophylline determinations and
measurements of peak expiratory flow every two hours.
Of the common 28 h periods of measurement, the re-
spective 24 h periods following drug administration were
used for pharmacokinetic and pharmacodynamic evalu-
ation. The first treatment period was the reference period
with drug intake for all patients at 8 p.m. According to
the randomization, patients received the test formulation
in the second treatment period either at 6 p.m. or at 10
p.m.; these intake times were crossed over in the third
treatment period. The evening meal was always given at
7 p.m. The patients were hospitalized during the 28 h
periods of measurements only. The measurements were
started in the evening of the seventh day after having
changed the evening intake time to ensure steady state
conditions.

The final daily theophylline dose ranged from 500 to
1500 mg (median 750 mg). If the total daily dose was
lower than 1000 mg, it was given once daily in the
evening, if it was 1000 mg or greater, it was admini-
stered twice daily, approximately two thirds in the eve-
ning and one third in the morning.

Determination of theophylline

The serum theophylline determinations were carried
out by EMIT during the dose titration; the pharmacoki-
netic steady-state characteristics presented here are based
on HPLC measurements [13].

Determination of peak expiratory flow

Peak expiratory flow was measured by Mini-Wright
peak flow meters immediately before blood sampling in
a sitting position. The best of three measurements was
recorded. Reference values were calculated according to
Grece and Nunn [14].

Data analysis

From the respective 24 h serum theophylline
concentration/time profiles following drug intake at
6, 8 and 10 p.m., the percent peak-trough fluctuation,

%PTF =100 (C__ - C_)/C,, and the nocturnal excess,
100 (C,, - C,)IC,,, were calculated [15]. Rela-
live bloavallablllty was assessed by distribution-free point
estimator and 95% - confidence limits [16], taking the
8 p.m. administration as rcference.

Consumption of f3,-agonists during the 4 study periods
was compared by the Friedman-test and distribution-free
multiple comparisons [17]. Changes of the peak
expiratory flow values versus baseline were analysed by
the Wilcoxon-Pratt Test (lwo-sided). The peak expira-
tory flow values at the end of the respective treatments
at 6 and 10 p.m. were analysed by the distribution-free

ANOVA (Analysis of Variance) for a crossover design
[18].

Results
Peak expiratory flow, mesor

The 28 h serum theophylline and peak expiratory flow
profiles are shown in fig. 1 (once daily, n = 18) and
fig. 2 (twice daily, n = 8).

Compared with the baseline therapy, which included
inhalative ,-agonists and corticosteroids in nearly all
patients, a signilicant and marked improvement of the
peak flow mesor was achieved after adding theophylline;
this holds for all three different intake times. The in-
crease was slightly greater for the unequally divided twice
daily administration than for the once daily administra-
tion, which corresponded to the 24 h average serum
theophylline concentrations. Also, it has to be noted that
the baseline PEF-values were different (see table 1).

There was no significant difference between the mesor
of the extreme intake times 6 and 10 p.m.

The differences of the peak expiratory flow values
between the reference profile and the three theophylline
treated periods could not be explained by differences of
the additional use of [,-agonists: the mean number of
inhalations ranged between 1.8 and 2.8; although there
was a significant difference (p<0.05) between the 4
periods, multiple comparison did not reveal any signifi-
cant difference between either of the three theophylline
periods with the theophylline-free baseline period.

Peak expiratory flow, nocturnal values

The nocturnal peak flow between 2 and 6 a.m. im-
proved also significantly for all three intake times (sce
table 1). The improvement was significantly better for
the intake at 10 p.m. compared with the intake at 6 p.m.

Pharmacokinetic characteristics. The extent of absorp-
tion as characterized by the 24 h average concentration
in steady state, C,, = AUC/24, was cquivalent for all
three times of dru;, intake; C,, was 8.8+04, 9.0+£0.6 and
9.6+0.5 mg-I"* for drug intake at 6, 8 and 10 p.m., respec-
tively. Separated according to the dosage schcme C
was 8.240.4, 8.0£0.6 and 9.4+0.6 mg-' for once-daily
administration (median dose 750 mg) and 10.20.7,
11.340.9 and 10.1£1.1 mg-I* for twice-daily administra-
tion (median dose 1000 mg).

The percent peak trough fluctuation as a steady-state
characteristic of the rate of absorption was 7246, 81£5
and 90+4% (once daily) and 7149, 70+8 and 64+7%
(twice daily) for evening intake at 6, 8 and 10 p.m.,
respectively. The percent nocturnal excess was highest
for the intake at 10 p.m., lowest for the intake at 6 p.m.
(sce table 1) and this is reflected in the pharmacody-
namic data, The nocturnal excess was 1242, 2443 and
29+2% for the once daily administration (n=18), and 612,
1544, and 1+6 for the twice daily administration (n=8)
with evening intake at 6, 8, and 10 p.m., respectively.
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Fig. 1. - Steady-state scrum theophylline concentrationftime profiles (lower panel) and comesponding PEF-profiles (upper panel) following
individualised dosing of theophylline at different evening times (A = 6 p.m., @ = 8 p.m., M = 10 p.m.) The open circles (O) refer to the baseline
PEF-profile without theophylline; n=18 patients with once-daily administration in the evening.
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Table 1. — PEF mesor and nocturnal PEF during baseline therapy without theophylline
and after evening intake at 6, 8 and 10 p.m. of individually titrated slow-release theo-

phylline

Drug intake PEF mesor (Imin’')

dosage time of

scheme administration baseline theophylline Yochange
once 6 p.m. 350+22 401+22 1643
daily 8 p.m. 349+22 404122 1843
n=18 10 p.m. 348+22 411421 2044
twice 8 am. 6 p.m. 395417 495x16 26+5
daily 8 a.m. 8 p.m. 393+16 471£18 2043
n=8 8 am. 10 p.m. 393+16 494422 28+8
Drug intake nocturnal PEF (I'min)

dosage time of

scheme administration baseline theophylline Yochange
once 6 p.m. 359422 1544
daily 8 p.m. 319+24 370421 19+5
n=18 10 p.m. 384421 2415
twice 8 am. 6 p.m. 429+16 18+8
daily 8 am. 8 p.m. 371+21 432£36 17£7
n=8 8 am. 10 p.m. 448+21 24+11
Meantsem.

Side effects

One patient dropped out due to adverse events (nau-
sea, vomiling, sleep disturbances, trcmor). In another
patient all medications were stopped temporarily for
treating a pre-existing tinnitus, One paticnt dropped out
due to nonmedical reasons. 18 paticnts had side clfects,
fifteen during the dose titration period only; the side
effects were typical and transient despite the ongoing
therapy in all but one patient, who sulfcred from erectile
dysfunction. In four patients the dose had to be reduced
for reasons of tolerability, in one of them the dosage
scheme was changed to twice daily administration de-
spite a dose below 1000 mg.

Discussion

Airway obstruction in bronchial asthma has been
shown to exhibit circadian rhythms [19]. The amplitude
of the rhythm may vary to a great extent and has
been demonstrated to be related to bronchial hyperreac-
tivity [20]. Dyspnoca attacks have been reported to be
much more frequent during the night (21, 22]. According
to Cocirang [23], the risk of death from asthma was in
excess by 28% during the 8-hour period between mid-
night and 8 a.m. In this study the highest median peak-
flow in the reference profile was obscrved at 6 p.m. (400
I'min’), the lowest at 6 a.m. (305 [min?), 24% lower
than the value 12 h earlier. On this background, a

pharmacodynamic evaluation of drugs for the treatment
of asthma on a 24 h basis scems to be important.
According to Herzer and Crark [24], it scems unlikely
that the results of the peak flow measurements are influ-
enced to a relevant extent by interruptions of sleep;
however, their arguments need confirmation by measure-
ment of resistance during sleep.

The comparison of the 24 hour average pcak expira-
tory flow at baseling, i.e. under the additional medication
only (including inhalative f3,-agonists and corticosteroids
in nearly all and inhalative anticholinergics in half of the
treated outpaticnts), and alter adding Ltheophylline to this
drug therapy showed a marked and significant improve-
ment with theophylline (see table 1, figs 1 and 2).

However, the morning dip could not be eliminated; it
persisted on a higher level of peak expiratory flow. The
most likely explanation for this is slightly different for
the once daily and the unequally divided twice daily
administration. Although serum theophylline levels were
high enough to cause substantial clinical improvement,
they were - due to a rather cautious dose titration with
the new formulation - too low to abolish the morning dip
with the once daily administration (fig. 1). In other stud-
ics including one with the same formulation, a complete
or nearly complele climination of the morning dip was
observed with higher scrum thecophylline concentrations
of at lcast 14 mg-/"* during the critical morning hours
[4, 6-8, 25]. Correspondingly, in this study the greatest
improvement of nocturnal PEF was achicved with the 10
p.m, administration, where higher scrum thcophylline
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concentrations (around 12 mg-I'') were achieved during
the night than with the other intake times. For the twice
daily administration, serum theophylline concentrations
were somewhat higher over 24 hours. Despite the ad-
ministration of 2/3 of the total daily dose in the evening
and only 1/3 in the moming the nocturnal excess of serum
theophylline concentrations was rather small. These results
suggest that it may be more appropriate, especially for
patients with nocturnal worsening, to administer the total
dose in the evening and not to split up the daily dose.

No important differences concerning the pharmacoki-
netic parameters were found between the three different
intake times 6, 8 and 10 p.m.. The mesors of the peak
expiratory values did not show any significant differ-
ence; however, during the early morning hours between
2 and 6 am. intake at 10 p.m. resulted in the highest
noctumnal excess of serum theophylline levels and the
highest peak expiratory flow. The difference was signifi-
cant in comparison with the intake at 6 p.m.; therefore,
the late intake seems to be the most suitable for patients
with pronounced nocturnal worsening of their asthma.
For the remaining patients, the evening intake time is not
critical and the investigated formulation can be taken
within this four hour time span.

The vast majority of side effects occurred during the
dose titration only and disappeared despite the ongoing
treatment. This suggests that the therapy should be started
with lower doses than with the 750 mg administered at
the beginning of this study and that the dose should then
be increased gradually.

References

1. Heins M, Kurtin L, Oellerich M, Maes R, Sybrecht GW.
— Nocturnal asthma: slow-release terbutaline versus slow-
release theophylline therapy. Eur Respir J, 1988, 1, 306-310.
2. Bames PJ, Greening AP, Neville L, Timmers ], Poole
GW. — Single-dose slow-release aminophylline at night pre-
vents nocturnal asthma. Lancet, 1982, 1, 299-301.

3. Dorow P, Steinijans VW. — Therapeutic advantage of
unequal dosing of theophylline in patients with nocturnal asthma.
Chronobiol Int, 1987, 3, 349-357.

4. Neuenkirchen H, Wilkens JH, Ocllerich M, Sybrecht GW.
— Noctumnal asthma: effect of a once per evening dose of
sustainced-release theophylline. Eur J Respir Dis, 1985, 66,
196-204.

5. Kunkel G, Steinijans VW, Borner K. — Chrono-
optimization of the time of evening administration with un-
equally divided twice-daily theophylline. Chronobiol Int, 1987,
4, 359-368.

6. Arkinstall WW, Atkins ME, Harrison D, Stewart JH. -
Once-daily sustained-release theophylline reduces diumal vari-
ation in spirometry and symptomatology in adult asthmatics.
Am Rev Respir Dis, 1987, 135, 316-321 .

7. Martin RJ, Cicutto LC, Ballard RD, Goldenheim PD,
Chemniak RM. ~ Circadian variations in theophylline concen-
trations and the treatment of nocturnal asthma, Am Rev Respir
Dis, 1989, 139, 475-478.

8. Neuenkirchen H, Wilkens JH, Oecllerich M, Sybrecht GW.
- Nocturnal asthma; elfect of a once per evening dose of
sustained-release theophylline. Eur J Respir Dis, 1985, 66,
196-204.

9. Steinijans VW, Schulz HU, Beier W, Radike HW. —

Once daily theophylline: comparison of an encapsulated mi-
croosmotic system with a tablet. Int J Clin Pharmacol Ther
Toxicol, 1986, 24, 8, 438447,

10. Schulz HU, Karlsson S, Sahner-Ahrens I, Steinijans VW,
Beier W, — Effect of drug intake prior to or after meals on
serum theophylline concentrations: single-dose studies with
EUPHYLONG®, Int J Clin Pharmacol Ther Toxicol, 1987, 25,
222-228.

11. Jonkmann JHG. — Food interactions with sustained-
release theophylline preparations. a review. Clin Pharmacokin,
1989, 16, 162-179.

12. Steinijans VW, Trautmann H, Sauter R, Staudinger H. —
Theophylline therapeutic drug monitoring in the case of a new
sustained-release pellet formulation for once-daily evening
administration. Arzneim Forsch/Drug Res, 1988, 38, 1251-1253.
13. Orcutt JJ, Kozak PP, Gellmann SA, Cummins LH. -
Microscale method for theophylline in body fluids by reversed
phase, high pressure liquid chromatography. Clin Chem, 1977,
23, 599-601.

14. Gregg I, Nunn AL - Peak expiratory flow in normal
subjects. Br Med J, 1973, 3, 282.

15. Steinijans VW, Trautmann H, Johnson E, Beier W. —
Theophylline steady state pharmacokinetics: recent concepls
and their application in chronotherapy of reactive airway
diseases. Chronobiol Int, 1987, 4, 331-347.

16. Steinijans VW, Diletti E. — Statistical analysis of
bioavailability studies: parametric and non parametric confi-
dence intervals. Eur J Clin Pharmacol, 1983, 24, 127-136.
17. Hollander M, Wolfe DA. — Nonparametric statistical
methods. Wiley, New York, 1973, 139-154.

18. Koch GG. — The use of nonparametric methods in the
statistical analysis of the two-period change-over design, Bio-
metrics, 1972, 28, 577-584.

19. Smolensky HM, D'Alonzo GE, Kunkel G, Bamnes PJ. —
Day-night patterns in bronchial patency and dyspnoea: basis
for once-daily and unequally divided twice-daily theophylline
dosing schedules. Chronobiol Int, 1987, 4, 303-317.

20. Ryan G, Latimer KM, Dolovich I, Hargreave FE. —
Bronchial responsiveness to histamine: relationship to diurnal
variation in peak flow rate, improvement after bronchodilator
and airway calibre. Thorax, 1982, 37, 423-429,

21. Reinberg A, Ghata J, Sidi E. — Nocturnal asthma
attacks; their relationship to the circadian adrenal cycle. J Al-
lergy, 1963, 34, 323-330.

22. Prevost RJ, Smolensky MH, Reinberg A, Raymer WI,
McGovern JP. — Circadian rhythm of respiratory distress in
asthmatic, bronchitic, and emphysematic patients. /n: Recent
advances in the Chronobiology of Allergy and Immunology.
Smolensky MH, Reinberg A, Mc Govern JP, eds. Pergamon
Press, Oxford, 1980, 237-250.

23. Cochrane GM, Clark TJH. - A survey of asthma
mortality in patients between ages 35 and 64 in the Greater
London hospitals in 1971. Thorax, 1975, 30, 300-305.

24. Hetzel MR, Clark TJH. — Does sleep cause nocturnal
asthma? Thorax, 1979, 34, 749-754.

25. D'Alonzo GE, Smolensky HM, Gianotti L, Emerson M. -
Chronotherapeutically optimized theophylline therapy, Am Rev
Respir Dis, 1989, 139, A434.

Efficacité de la Théophylline a libération prolongée, donnée a
3 moments d'administration différents le soir en surplus d'une
médication de base. B. Siebert, G. Kunkel, K. Borner, II.W.
Staudinger, V.W. Steinijans.

RESUME: Nous avons investigué dans celte étude randomisée
avec permutation croisée 1'efficacité d’une nouvelle formule de
Théophylline & administration une fois par jour, donnée en
surplus d’unc médication basale chez 26 patients ambulants,
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atteints d’asthme bronchique. D’autre part, dans des conditions
d’état stable, 1'effet de 3 moments de prise vespérale (6, 8 et
10 h du soir) a été évalué sur la pharmaco-cinétique de 24 h et
sur les profils des débits expiratoires de pointe. La dose de
Théophylline a été titrée individuellement. Les résultats
pharmacologiques montrent une nette amélioration des
valeurs de débit de pointe de 24 h chez presque tous le
patients aprés 1’addition de Théophylline & un traitement
médicamenteux comportant des béta 2 agonists et des
cortico-stéroides en inhalation et chez 50% d'entre ceux qui

prenaient un régime d'anti cholinergiques en inhalation. L'on a
pas observé de différence significative entre les caractéristiques
pharmaco-cinétiques et les moyennes de 24 h (mésors) du
débit expiratoire de pointe lors des 3 heures différentes
de prise du médicament (6,8 et 10 p.m.). Toutefois la prise
a 10 h du soir entraine le surcroit le plus élevé des
concentrations nocturnes de Théophylline ainsi que le débit
de pointe maximal pendant les heures du petit matin (entre
2 et 6 h).

Eur Respir J., 1990, 3, 176-181.



