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Pharmacokinetic Model of Sustained-release Theophylline
Preparations and Estimation of Drug Release in vivo
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A pharmacokinetic model including the drug release process was proposed to simulate Kkine-
tically some complicated plasma concentration profiles of theophylline after single oral dose
(300mg) of the 3 commercial sustained-release theophylline preparations (Theolong®, Theodur®,
Slo-bid®) on separate occasions into 4 healthy adult volunteers on empty stomach. In this
model, the two step release process consisting of zero-order and first-order rate was assumed,
which was connected to the one-compartment model with first-order elimination process.

The parameters in drug release process were estimated by fittings of plasma concentration
data to the mathematical model and individual plasma concentration data of the 3 different
slow release products could be appropriately simulated by the same mathematical model. The
drug release-time profiles, calculated by using the estimated parameters, were compared bet-

ween subjects and between products.

From the present single oral dose studies on empty sto-

mach, the marked differences in release rate between products were observed and Theodur®
tablets seemed to be more adequate formulations for a twice daily dosage regimen.

Keywords——theophylline; sustained-release preparation; plasma concentration; pharmaco-

kinetic model; drug release in vivo
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Typical Plasma Theophylline Concentrations and Kinetic Treatment of Drug Release

in vivo after Single Oral Dose of Sustained-release Theophylline Preparations

ST, starting time of drug release (hr); to, ending time of zero~order process (hr);
K, and K; represent a zero-order and a first-order rate constant (1/hr), respecti-
vely; F,, fraction rapidly released initially after an oral dose.
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Fig. 2. Mean Plasma Theophylline Concentrations after Single Oral Dose
of 300mg Theophylline in Sustained-release Preparations into 3
Healthy Volunteers on Empty Stomach

Plasma concentration (---O---) for an oral solution in previous
study (1987) was represented as a reference for the drug elimi-

nation from a body.
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Fig. 3. Individual Plasma Concentration Curve and Elimination Profile of Theophylline
after Single Oral Dose of 300mg Theophylline in Sustained-release Preparations
into 4 Healthy Volunteers on Empty Stomach

@, Theolong®-100; [], Theodur®-100; W, Slo-bid®-100
Individual Plasma concentrations (---0---) for an oral solution in previous
study (1987) were represented as a reference for the drug elimination from a

body.
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Table 1. Pharmacokinetic Parameters of Theophylline after

Oral Dose of 300mg Theophylline in Solution and in

Sustained-release Preparations into Healthy Adults

Solution a) Kel (1/hr) b)
Subject KXa vd Kel for Preparations
No, (1/br) (L) (1/hr) Theolong Theodur Slo-bid
1 (2) 2,6871 26.63 0.0978 0.0865 0,0930 0.0989
2 (H) 6.0482 25.53 0.0574 0.0614 0.0563 c)
3 (Ts) 1.9034 26.93 0,0723 0.0536 0.0630 —
4 (B) 2,7624 29,30 0,0898 0.0984 0.1107 —
Mean 3.3503 27.10 0.079% 0,0750 0.0808 —
S.D. 1.8401 1.59 0.0181 0.0210 0,0256 —
C.V.(%) 54.92 5.87 22.82 28,0 31,68 —
s 3.3859 2,53 0,00033 0,00044 0,00065 —

a) Parameters were estimated by one-compartment model,based
on the data previously reported(1987).

b) Elimination rate constants were estimated from the slope
of terminal phase of the plasma concentration curve,

¢) The terminal phase cannot be unequivocally identified.
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Fig. 4. Comparison of % Unabsorbed-time Curve Plotted on Logarithmic and
Ordinary Scale (Insert), Showing Typical Drug-release Behaviour in
vivo for Three Brands of Sustained-release Theophylline Preparations
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Fig. 5(A). Estimation of the Drug Release Parameters by Fittings of Plasma Level
Data (0) to the Mathematical Model and Individual Plasma Level Curves
——, Simulated by using the estimated parameters
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Fig. 5(B). Estimation of the Drug Release Parameters by Fittings of Plasma Level
Data (O) to the Mathematical Model and Individual Plasma Level Curves
——, Simulated by using the estimated parameters
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Fig. 5(C). Estimation of the Drug Release Parameters by Fittings of Plasma Level
Data (0) to the Mathematical Model and Individual Plasma Level Curves
——, Simulated by using the estimated parameters
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Fig. 6. Individual Drug Release Profiles in vivo of Theophylline after Single

Oral Dose of Each Sustained-release Preparation (Dose=300mg)

Numbers of the curve represent the subject numbers.
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Table 2. Kinetic Parameters of Drug-release iz vivo from Sustained-release
Theophylline Preparations

—
Prepara- Subject ST a) Xo To b) K1 Release-ratio Fraction
tions No. (hr) (1/nr) (hr) (1/hr) Fo c) Fto ¢ absorbed
Theolong 1 (Z) -0.04 0,3385 1.47 0.7176 0.014 0.511 0.895
-100 2 (H) -0.07 0,3224 1.42 0.6024 0,023 0,480 1.035
3 (Ts) =-0.20 0,1625 2,15 0.7190 0,033 0.382 1.043
4 (B) 0,08 0.,3088 2,06 0.7979 O 0.611 1.054
Mean -0,06 0.2831 1,78 0.7092 0.018 0.496 1.007
S.D. 0.12 0.,081%3 0,38 0,0805 0,014 0,094 0.075
82 0.014 0,0066 0,14 0,0065 0,0002 0,009 0.006
Theodur 1 (2) -2.2% 0.083%31 5.29 0,9573 0.185 0.625 0.996
-100 2 (H) -0.72 0.1283 3.99 0.9630 0.092 0.604 0.966
3 (Ts) -1.45 0.0846 3,05 00,4610 0.123 0.381 0.893
4 (B) -1.17 0.0985 5.75 0.8046 0.115 0,682 0.979
Mean -1.39 0,0986 4.52 0,7965 0.129 0.573 0.959
— S.D. - 0.63 0,0210 1.23 0.2354 0.040 0.132 0.045
82 0.40 0,0004 1.51 0,0554 0.0016 0.017 0.002
Slo-bid 1 (2) -0.82 0.1181 6,28 0.739%3 0,097 0.839 0.835
-100 2 (H) -1,26 0.1085 3,32 0.1345 0.137 0.497 0.858
3 (Ts) 0.29 0,0616 1.98 0,2042 O 0.104 0.843
4 (B) -0.29 0,1605 0,99 0.2249 0,047 0.205 0.897
Mean -0,52 0,1122 3.14 0,3257 0,070 0.411 0.858
S.D, 0.67 0.,0406 2,30 0,2784 0,060 0,330 0,028
s? 0.45 0,0016 5.29 0,0775 0.0036 0.109 0,0008

a) Starting time of drug-release,

b) Ending time of zero-order rate process. Ko and K1 represent a zero-
order. and a first-order rate constant,respectively.

¢) Fraction rapidly released initially after an oral dose. Fo=Kox(~ST)

d) Fraction released at To hours after an oral dose, Fto=Kox(to-ST)
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