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ABSTRACT

The steady-state blood levels of a reformulated Theophylline sustained release
tablet formulation (Quibron-T/SR®) were compared with Theo-dur® tablets 300mg SR.
Statistical analysis was performed, using the two one-sided tests procedure, on the In-
transformed values of maximum Theophylline plasma concentrations, trough plasma
concentrations and Area Under the plasma concentration - time Curve. Data regarding
Time to reach maximum plasma concentration were analyzed by analysis of variance on
rank transformed values. In every case, the reformulated test treatment was found within

the limits required to demonstrate bioequivalence.
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INTRODUCTION

Theophylline formulations are primarily used in the treatment of bronchial asthma,
chronic obstructive pulmonary disease and status asthmaticus (1). It can be employed
either as a prophylactic drug to relax bronchial smooth muscle in asthmatic patients, or
among other drugs in the treatment of prolonged attacks and in the management of
status asthmaticus. Theophylline can also be used in the treatment of prolonged apnea

sometimes observed in preterm infants.

The recommended oral dosage of Theophylline is achieved by the administration of
standard tablet formulations 60 -250mg 3-4 times per day, or by the administration of
sustained release (SR} tablets 200 or 300mg twice per day . Literature on Theophylline
pharmacokinetics (2,3) shows that the drug has a variable and relatively short plasma
half-life. A sustained release dosage form may be able to maintain therapeutic levels of

Theophylline, even in subjects who display rapid elimination half-life (e.g. smokers) (4).

The aim of the present study was to compare the steady-state blood levels of two
Theophylline SR tablet formulations, a reformulated 300mg SR tablet (Quibron-T/SR®,
test formulation) with Theo-dur® tablets 300mg SR (reference formulation). Moreover,
this study was designed to verify the findings of the first single dose study done previously
on the test formulation (5). The release of Theophylline from the test formulation is

controlled by granulation with hydroxypropylcellulose.

Study design

Ten male, healthy, non-smoking volunteers participated in the study. Their age
ranged between 20 to 35 years old and their weight between 65 to 95 Kg. Subjects were
asked to abstain from Theophylline containing medications for two weeks and from any
other medication for one week before the study started. They all gave oral or written
informed consent. Volunteers who displayed hypersensitivity to any of the tested
substances, which had history of alcohol abuse, active peptic ulcer, underlying seizure
disorders, renal or hepatic deficiency or any other illness that would put into risk their

safety or the objective analysis of the drug level, were excluded from the study.
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The test formulation, Quibron-T® 300 mg SR, was compared to the marketed
Theophylline formulation, Theo-dur®, by means of a steady-state, two-way crossover
bioequivalence study, which had a duration of seven days. Volunteers were divided into
two groups of five subjects each. The first group (subjects A,B,C,D,E} received the
formulations, b.i.d, in the sequence Quibron-T ®300mg SR - Theo-dur® tablet 300mg SR,
for seven days. The second group {subjects F,G H | K) received the formulations, b.id, in
the sequence Theo-dur® tablet 300mg SR - Quibron-T® 300mg SR, for seven days. At
twelve hours on day four, the dosage regimen was switched to the second formulation in
sequence (reference formulation for the first group and test formulation for the second

group).

Volunteers fasted for twelve hours before morning dosing (08:00) on day four and
on day seven. They were also asked to abstain from consuming any kind of xanthine

containing foods and beverages during the study.

Blood sampling

The collection of samples started (0 hrs) right before morning dosing on day four
and seven. In these days, blood samples were also collected at 1, 2, 3, 4, 5, 6, 8, 10 and 12

hours after the morning dose.

Sample analysis

Plasma concentrations of Theophylline were analyzed by a high pressure liquid
chromatographic (HPLC) method {(Geogarakis; et al,, 1990).

Data analysis

Maximum Theophylline plasma concentrations (Cmex), trough plasma concentrations
(Cmin) and times to reach maximum Theophylline plasma concentrations (Tmax) were
determined directly from individual Theophylline plasma concentration vs. time data. The
Area Under the Theophylline concentration - time Curve from 0 to 12 hours (AUC 0.12),
at steady-state, was calculated using the trapezoidal rule (6). The Fluctuation Index (FI)

was obtained using equation 1 (7):

FI= (Cmax- Cmin)/Css (1)
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where Cmax and Cmin are the peak and trough Theophylline plasma concentrations
respectively and Css the average Theophyliine plasma concentration, which was

calculated according to equation (2):

Css= AUCss/ T

where AUC:ss is the Area Under the Theophylline plasma concentration vs time

curve, over a 12 hour steady state dosage interval and t is the dosage interval.

The relative bioavailability value (F) was calculated using equation {3):

F= AUC 012 (test formulation) (3)
AUC o012 (reference formulation)
where AUC o0-12 (test formulation) is the AUC from 0 to 12 h for Quibron-T® SR
300mg and AUC o012 (reference formulation) is the AUC from 0 to 12 h for Theo-dur ®
tablets 300mg SR, at steady state.

RESULTS AND DISCUSSION

The mean + SD values and CVs of Theophylline plasma concentrations, during the
first twelve hours of day four and seven, for the test and reference formulations are given
in Table 1. Mean Theophylline plasma concentrations were smaller for Quibron® in all
sampling times apart from 5 h. However, both formulations showed large intersubject
variation which is reflected by the large CV values. The test formulation displayed CVs
ranging from 0.28 to 0.48, compared to 0.38 to 0.52 of the reference formulation. The

mean * SD plasma profiles for the test and reference formulations are given in Figure 1.

The pharmacokinetic parameters for all the subjects and formulations are
summarized in Table 2. According to Table 2, the mean Crmax after multiple dosing of the
test formulation is 11.70pg/ml, while the mean Cmax after multiple dosing of the reference
formulation is 12.61pg/ml. Pharmacokinetic parameters were compared using the two
one-sided tests procedure, as described by Schuirmann (8). The test was carried out on
the natural logarithm transformed values for Cmax , Cminand AUCo-12 (9). The tested

interval Hypothesis, Ho, states that the test and reference formulation are not equivalent.
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TABLE 1. Mean Theophylline plasma concentrations (jig/ml) after multiple oral dosing of

Quibron® -T/SR and Theo-dur® tablets 300mg SR.

Quibron® -T/SR

Theo-dur® 300mgSR

Time {h) Mean{pg/ml) SD CV Mean(pg/ml) SD cvV
0 883 40 047 9.46 44 046
1 8.45 38 045 10.39 51 0.49
2 8.87 32 036 10.37 52 0.50
3 10.06 31 031 10.39 54 052
4 10.69 36 034 1111 52 047
5 10.35 35 0.34 9.83 37 0.38
6 10.39 29 028 11.03 54 049
8 9.90 30 030 10.82 5.2 048

10 882 37 042 9.17 46 050
12 7.65 37 0.48 821 43 052

If null hypothesis is rejected , then the alternative hypothesis, Hi, which states

bioequivalence, is accepted.

Ho: Xtest - Xreference < In(0.8) or Xtest - Xreference > In(1.25)

Hu: In(0.8) < Xtest - Xreference < In{1.25)

where Xtest - Xreference is the difference between the observed means of a

pharmacokinetic parameter. The two sets of one-sided hypotheses were tested by

means of two one-sided t-tests, at a=0.05 and 8 degrees of freedom (toss®=1.8595). To

conclude bioequivalence the following should hold true:

t1= {( Xtest - Xreference ) - In(0.80)}/(sV2/n) > tosss and
to={ In{1.25) - ( Xtest - Xreference )}/(s\/2/ n) > to9s(8)

where n is the sample size (10) and s is the square root of the "error” mean square
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Figure 1: Mean Theophylline plasma concentrations (ug/ml), after multiple oral dosing of
Quibron® -T/SR and Theo-dur® tablets 300mg SR. Bars indicate SD.

obtained by the crossover design analysis of variance (ANOVA). The number of the

degrees of freedomis that associated with the "error” mean square.

The classic, asymmetric, 90% confidence interval (CI) was also calculated for the
difference of the means, Xtest -Xreference, following the procedure presented by
McGilveray (10).

Values of time to reach maximum Theophylline plasma concentrations {Tmax), were

rank-transformed and then compared, non-parametrically, by ANOVA.
The calculated t1 and t2 values for In{Cmax) of the two one-sided tests procedure

were 2509 and 3.114 respectively which are both greater than tossigi=1.8595. Therefore,
the alternative hypothesis, stating bioequivalence, is accepted. The 90% CI for the
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TABLE 2: Pharmacokinetic parameters, at steady-state, for Quibron® -T/SR and Theo-

dur® tablets 300mg SR.
Subject Cmax(pg/ml) Tmax(h) Cmin{pg/mi) FI AUCss(ug.h/ml)
g
g Quibron A 1308 5 719 058 1225
5 B 14.25 10 1145 021 157.3
% C 9.17 6 532 056 81.9
: D 10.84 6 427 087 90.6
2 E 9.82 4 730 029 1029
g F 11.08 5 638 057 99.4
% G 8.49 2 408 066 79.1
B H 872 3 327 097 67.3
% 1 16.60 4 1377 019 181.2
g K 14.98 4 1066 034 1527
Ed MEAN 1170 45° 737 053 1135
g% SD 2.86 (2,10) 351 027 38.4
-t
B Theo-dur A 15.84 6 703 071 1489
E, B 12.36 4 867 035 126.4
3 C 6.86 5 496 033 69.5
?:B D 6.80 4 305 073 62.2
@ E 1370 8 543 082 1214
g F 1254 8 750 052 117.0
e G 854 3 463 059 789
g H 8.39 5 493 053 77.8
8 I 22.20 6 1389 042 236.5
g K 18.90 3 959 063 176.6
g
MEAN 1261 5 697 056 1215
SD 5.21 (3,8) 315 016 54.8
*Median (minimum, maximum)
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difference of In-transformed Cmax means is (84.2;113.1) (Table 3) and is completely within
the 80-125% range of the reference treatment mean value which is required to

demonstrate bioequivalence.

The mean trough plasma concentration (Cmin) for Quibron® is 7.37pg/ml, which is
higher compared to that of the test formulation {6.97pg/ml) (Table 2). The difference of
the In-transformed mean values was again tested with two one-sided tests. The values for
trand tz2 were 3.770 and 2.624 respectively which are greater than tosss. As a result, the
null hypothesis , stating that the formulations are not bioequivalent, was rejected . The
90% CI of the difference of means is (91.4;118.5) which is within the 80-125% range of

the Theo-dur® mean value.

The median for the time to reach maximum values (Tmax} was the same for both the
test and reference formulations (5h) (Table 2). The non-parametric examination by means
of analysis of variance on rank-transformed values of Tmax indicated that there was no

significant difference between treatments at p>0.30.

The mean FI were 0.56 for Theo-dur® and 0.53 for Quibron®, The indices are

within less than 6% of each other.

The mean (+ SD) values for the Area Under the Curve, estimated at steady-state,
are 113.49 (38.4) for the test formulation and 121.52 (54.8). It should be noted that
although the reference formulation displayed greater mean AUC, it also demonstrated
greater intersubject variability . The CV for the reference formulation was 0.45,
compared to that of 0.30 of the test formulation. The t1 and t2 calculated values for the
two one-sided tests are 2989 and 3.984 respectively, and are both greater than tosss),
which is required in order to demonstrate bioequivalence. The 90% CI for the difference
of means is (86.0;109.1) and is completely within the 80-125% interval of the reference
treatment mean. Based on equation (3) it is possible to calculate the relative bioailability F.
The mean relative biovailability , estimated at steady-state, was 0.99 with an SD of 0.23.
The lower F value was 0.82 and the larger was 1.24.

Overall, the performance of the reformulated test treatment, as depicted by the

two one-sided tests procedure, was found within the limits required to demonstrate

bioequivalence. Specifically, the t1 and t2 values calculated for the difference between
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TABLE 3: Statistical analysis data from the two one-sided tests procedure.

Parameter Ratio of Means (%) tl 2 90% Confidence Intervals
In(AUCo-12) 96.9 2989 3984 86.0-109

In(Crmax) 97.6 2509 3114 84.2-113

In{Cirin) 104.0 3770 2624 914-118
rank(Tmax) p> 030

mean Cmax, mean Cmin and mean AUCo-12, were, in all cases larger than the required t

value. Moreover, the 90% Confidence Intervals were completely within the 80-125%

bounds for Cmax ,Cmin, AUCo-12. The non-parametric analysis for Tmax demonstrated not

significant differences at p<0.05. Mean values of Fluctuation Indices are within 6% of

each treatment. The mean relative bioavailability was found to be 0.99. In addition the

test formulation displayed lower intersubject variation, as shown by the smaller CV

values. In conclusion, bioequivalence of reformulated Quibron®-T/SR and marketed

Theo-dur® tablet 300mg SR has been demonstrated.
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