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Abstract

Objective: To provide a further example which showed that a non-traditional mathematical modeling method based on the theory of 
dynamic systems can be successfully used for mathematical modeling pharmacokinetics.

Method: The current study is a companion piece of the study by Kasuya., et al. [1]; published in December 1985 issue of the Journal 
of Pharmacokinetics and Biopharmaceutics, therefore the data published in the study cited here was used. An advanced mathemati-
cal modeling method based on the theory of dynamic systems was employed for modeling purposes. The program named CTDB 
described in the study by Dedík., et al. published in September 2007 issue of the Journal Diabetes Research and Clinical Practice was 
employed for modeling purposes. 

Conclusion: The mathematical model developed, using the data available in the study by Kasuya., et al. [1], successfully described 
the pharmacokinetic behavior of theophylline. The modeling method used in this study is universal, comprehensive, and flexible. 
Therefore, it can be used in the development of mathematical models not only in the field of pharmacokinetics but also in several 
other scientific and practical fields. 
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Abbreviations

ADME: Absorption/Distribution/Metabolism/Excretion; CTDB: Clinical Trials Data Base

Introduction 

It is well known that a compartment modeling method (i.e. one of the most frequently used modeling methods in pharmacokinetics) is 
based on mathematical modeling plasma and/or blood concentration-time profiles of administered drugs. In contrast, modeling methods 
that use computational tools from the theory of dynamic systems are based on mathematical modeling dynamic relationships between 
mathematically described drug administrations and mathematically described body responses to administered drugs (e.g. blood and/or 
plasma concentration time profiles of administered drugs), see an explanatory picture and full text journal articles, available completely 
free of charge at the following web sites of the author: http://www.uef.sav.sk/durisova.htm and http://www.uef.sav.sk/advanced.htm.

Theophylline, also known as 1,3-dimethylxanthine, is a methylxanthine drug. It is frequently used for therapy of patients with respira-
tory diseases such as chronic obstructive pulmonary disease and asthma under a variety of brand names. Theophylline as a member of 
the xanthine family, it bears structural and pharmacological similarity to theobromine and caffeine. A small amount of theophylline is one 
of the products of caffeine metabolic processing in the liver [1-7].

http://www.uef.sav.sk/durisova.htm
http://www.uef.sav.sk/advanced.htm
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The current study is a companion piece of the study by Kasuya., et al. published in December 1985 issue of the Journal of Pharmacoki-
netics and Biopharmaceutics [1]. Therefore, the data available in the study cited here was used. 

The main objective of the current study was to provide a further example showing a successful use of an advanced mathematical mod-
eling method based on the theory of dynamic systems in mathematical modeling in a pharmacokinetic study [8-22]. Previous examples 
showing an advantageous use of the modeling method used in the current study can be found in the full text journal articles available 
online, which can be downloaded, completely free of charge from the web sites mentioned previous paragraph. 

An additional objective of the current study was to motivate researchers in pharmacokinetics to use an alternative modeling method 
to those modeling methods which are traditionally used in pharmacokinetics. 

Methods 

 An advanced mathematical modeling method based on the theory of dynamic systems was employed to develop a mathematical model 
of the pharmacokinetic behavior of an orally administered theophylline, using the raw data available in the study published by Kasuya., 
et al [1]. 

The development of a mathematical model of the pharmacokinetic behavior of theophylline [1-7] was conducted in the following suc-
cessive steps:

(1) The definition of an ADME-related dynamic pharmacokinetic system [8-22], denoted by ,H  using: the Laplace transform of the math-
ematically described serum concentration-time profile of theophylline, denoted by ( )C s , and the Laplace transform of the mathemati-
cally described oral administration of theophylline [1], denoted by ( )I s . In the definition of the ADME-related dynamic pharmacokinetic 
system, the profile ( )C s  and profile ( )I s was used as the output and input, respectively, of the ADME-related dynamic pharmacokinetic 
system H [8-23].

 (2) An introduction of the following simplifying assumptions: a) initial conditions of the ADME-related dynamic pharmacokinetic system 
were zero; b) all processes mathematically described by the ADME-related dynamic pharmacokinetic system were linear and time invari-
ant [9-22]; c) concentrations of theophylline were the same throughout all subsystems of the ADME-related dynamic pharmacokinetic 
system, (where each subsystem was an integral part of the ADME-related dynamic pharmacokinetic system); d) all processes in the body 
after the theophylline oral administration were linear and time invariant, e) no barriers to the distribution and/or elimination of theoph-
ylline existed; 

(3) The static and dynamic properties of the dynamic pharmacokinetic behavior of orally administered theophylline [1, 24-26] were de-
scribed with the ADME-related dynamic pharmacokinetic system; 

(4) The transfer function, denoted by ( ),H s of the ADME-related dynamic pharmacokinetic system was derived, using the profiles C(s) 
and I(s), see Equation (1).

=
( )( ) .
( )

C sH s
I s

 

 (5) The ADME-related dynamic pharmacokinetic system was described with the transfer function H(s) in the complex domain. 

Throughout the current study the lower-case letter “s” denotes the complex Laplace variable [9-22]. In the following text, the ADME-
related dynamic pharmacokinetic system was simply called the dynamic system defined. 

(6) A mathematical model of the dynamic system was developed using the computer program named CTDB [15] and the transfer function 

(1)
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model ( )MH s  described by the following equation: 
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On the right-hand-side of Equation (2) is the Padé approximant [27,28] of the mathematical model of the transfer function ( ),MH s  G
is an estimator of the model parameter called the gain of the dynamic system, ,a1  ,an ,b1  mb are additional model parameters, 
and n  is the highest degree of the nominator polynomial, and m is the highest degree of the denominator polynomial, n is the highest 
degree of the nominator polynomial, and n m< (see Equation 2) [9-22]. 

(7) The transfer function )s(H was converted into equivalent frequency response function, denoted by ( )jF iω  [28].

(8) The non-iterative method described in the study published previously [28] was used to develop a mathematical model of the fre-
quency response function ( )M jF iω  and to determine point estimates of parameters of the model of the frequency response function 

( )M jF iω in the complex domain. The model of the frequency response function ( )M jF iω  used in the current study is described by the 
following equation:

0 1

1

... ( )
( ) .

1 ... ( )

n
j n

M j m
j m j

a a i a i
F i G

b i b i
+ ω + + ω

ω =
+ ω + + ω

  

(2)

(3)

Analogously as in Equation (2), n is the highest degree of the numerator polynomial of the model of the frequency response func-
tion ( ),M jF iω  m  is the highest degree of the denominator polynomial of the mathematical model of the frequency response function 

( ),M jF iω  ,n m≤  i  is the imaginary unit, and ù is the angular frequency in Equation (3). 

The Akaike information criterion, modified for the use in the complex domain [9,29] was employed to select the best mathematical 
model of the frequency response function ( )M jF iω and to determine point estimates of the parameters of the best mathematical model 
of the frequency response function ( ).M jF iω  

Finally, the Monte-Carlo and the Gauss-Newton method [30,31] were used to refine the mathematical model of the frequency response 
function ( )M jF iω and to determine 95 % confidence intervals of the parameters of the best mathematical model of the frequency re-
sponse function ( )M jF iω  in the time domain. 

After the development of the best mathematical model ( )M jF iω of the dynamic system, the following primary pharmacokinetic vari-
ables of theophylline were determined: the elimination half-time of theophylline, denoted by ,t1/2  the area under the serum concentra-
tion-time profile of theophylline from time zero to infinity, denoted by, - ,oAUC ∞  and total body clearance of theophylline, denoted by 
Cl. The mathematical model of the transfer function )s(HM and the mathematical model of the frequency response function ( )M jF iω
are implemented in the computer program CTDB  [15]. A demo version of the computer program CTDB is available at the following web 
site: http://www.uef.sav.sk/advanced.htm.

Results and Discussion

The best-fit third-order mathematical model ( )M jF iω  selected with the Akaike information criterion, modified for the use in the 
complex domain [9,29], is described by the following equation:

http://www.uef.sav.sk/advanced.htm
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As seen in Figure 1, the mathematical model developed provided an adequate fit to the concentration data of theophylline available 
in the study [1]. Estimates of the model parameters 0,a 1,a ,b1 2,b 3b are in Table 1. Model-based estimates of primary pharmacoki-
netic variables of theophylline are in Table 2.
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Figure 1: Observed arterial serum concentration time profile of theophylline and the description of the observed profile with the developed 
model of the dynamic system describing the pharmacokinetic behavior of theophylline [1].

Model parameters Estimates of 
model parameters

(95% CI)

G (h.l-1)
0.0046 0.006 to 0.012

0a (-)
0.923 0.825 to 1.024

1a (min)
69.15 45.12 to 72.38

1b (min)
421.88 391.73 to 462.02

2b (min2)
6043.61 7028.59 to 6059.33

3b  (min3)
3478275.74 3478271.05 to 3678280.33

Table 1: Parameters of the third-order model of the dynamic system describing the pharmacokinetic behavior of orally administered 
theophylline [1].
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Pharmacokinetic variables Estimates of pharmacokinetic variables

The half-time of theophylline 1/2t (hod)
1.5 ± 0.4*

Clearance of theophylline (ml/min) 103.1 ± 15.3
Renal clearance of theophylline (ml/min) 74.1 ± 5.1
Body clearance of theophylline (ml/min) 218 ± 8.1
Elimination half-life of theophylline (hr) 51.6 ± 5.4
Distribution volume of theophylline (l) 681 ± 9.5

0AUC →∞ (ng.h/ml)
26.95

Table 2: Model-based estimates of pharmacokinetic variables of orally administered theophylline [1].

*standard deviation

The dynamic system used in this study was a mathematical object, without any physiological significance. It was used to mathemati-
cally describe static and dynamic properties of the dynamic pharmacokinetic behavior of the orally administered theophylline [1,24-26]. 
The method used in the current study was described in detail in the studies published previously [9-22], authored and/or co-authored by 
the author of this study, therefore a description of the modeling method used was not given here. The mathematical model developed was 
validated utilizing the theophylline data from the study by Kasuya., et al [1].

Analogously as in the studies published previously [9-22], the development of a mathematical model of the dynamic system was based 
on the known input and output of the dynamic system in the current study. In general, if a dynamic system is investigated using a transfer 
function model, as it was the case in this study (see Eq. (2)), then the accuracy of the model depends on degrees nominator and denomi-
nator polynomial of the mathematical model of the frequency response function ( ),M jF iω see for example the following studies [9-22], 
and references therein. 

The parameter gain is called also gain coefficient, or gain factor. In general, a parameter gain is defined as a relationship between a 
magnitude of an output of a dynamic system to a magnitude of an input to a dynamic system in steady state. Or in other words, a param-
eter gain of a dynamic system is a proportional value that shows a relationship between a magnitude of an output to a magnitude of an 
input of an investigated dynamic system in the steady state.
http://www.uef.sav.sk/advanced.htm.

The non-iterative method described in the study published previously [28] and used in this study method allows rapid identification 
of an optimal structure of a mathematical model of a frequency response function. This is a great advantage of the method used, because 
it significantly speeds up the process of developing a mathematical model ( )M jF iω of a frequency response function ( ).jF iω

The reason for conversion of )s(HM to ( )M jF iω has been explained in studies published previously [9-22], therefore such an ex-
planation was not given here. 

This study again showed that mathematical and computational tools from the theory of dynamic systems can be successfully used 
in mathematical modeling in pharmacokinetics. Frequency response functions are complex functions; therefore, their modeling must 
be performed in the complex domain. The modeling methods used to develop model frequency response functions are computationally 
intensive, and for accurate modeling they require at least a partial knowledge of the theory of dynamic system, and an abstract way of 
thinking about investigated dynamic systems. 

http://www.uef.sav.sk/advanced.htm
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The principal difference between traditional pharmacokinetic modeling methods and modeling methods that use of mathematical and 
computational tools from the theory of dynamic systems has been explained in the studies published previously [9-22]. See the full text 
articles and an explanatory example available free of charge at: http://www.uef.sav.sk/advanced.htm.

The computational and modeling methods that use computational and modeling tools from the theory of dynamic systems can be used 
for example for adjustment of a drug (or a substance) dosing aimed at achieving and then maintaining required drug (or a substance) con-
centration–time profile in patients see, for example, the following study [12]. Moreover, the methods used in the current study can be used 
for safe and cost-effective individualization of dosing of a drug or a substance, for example using computer-controlled infusion pumps 
[32]. This is very important for an administration of a clotting factor to a hemophilia patient, as exemplified in the simulation study [12].

The advantages of the modeling method used in this study are evident here: The models developed overcome well known limitations 
of compartmental models: For the development and use of the models considered in this study, an assumption of well-mixed spaces in the 
body (in principle unrealistic) is not necessary. The basic structure of the models developed using computational and modeling tools from 
the theory of dynamic systems, is universal, therefore it is broadly applicable to develop mathematical models not only in the field of phar-
macokinetics but also in several other scientific and practical fields. From a point of view of pharmacokinetic community, an advantage 
of the models developed using computational tools from the theory of dynamic systems is that the models considered here emphasize 
dynamical aspects [19] of the pharmacokinetic behavior of a drug in a human or an animal body. Transfer functions of dynamic systems 
are not unknown in pharmacokinetics; see for example the following studies [33-34]. In pharmacokinetics, transfer functions are usually 
called disposition functions [35,36].

This study again tried to motivate researchers working in the field of pharmacokinetics to use of an alternative modeling method, 
namely a modeling method based on the theory of dynamic systems in the development of pharmacokinetic (mathematical) models in-
stead of traditional pharmacokinetic method. 

The mathematical models developed and used in this study successfully described the pharmacokinetic behavior of theophylline [1]. 
The modeling method used in this study is universal, comprehensive and flexible and thus it can be applied to a broad range of dynamic 
systems in the field of pharmacokinetics and in many other scientific or practical fields. To see the previous examples illustrating the suc-
cessful use of the modeling method employed in the current study please visit the author’s web site (an English version): http://www.uef.
sav.sk/advanced.htm. This study showed again that an integration of key concepts from pharmacokinetic and bioengineering is a good 
and efficient way to study dynamic processes in pharmacokinetics, because such integration combines mathematical rigor with biological 
insight.

The principal difference between traditional pharmacokinetic modeling methods and modeling methods that use of mathematical 
and computational tools from the theory of dynamic systems can be explained as follows: the former methods are based on mathematical 
modeling of plasma (or blood) concentration-time profiles of administered drugs, however the latter methods are based on mathematical 
modeling of a dynamic relationships between a mathematically described drug administration and a mathematically described resulting 
plasma (or blood) concentration-time profile of a drug administered. Pharmacokinetics of theophylline has been described in several 
studies previously, therefore theophylline was used only as an example in the current study. 

Conflict of Interest

There is no conflict of interest.

About the author 

The author is a researcher affiliated with the Institute of Experimental Pharmacology and Toxicology, the Department of Pharmacol-
ogy of Inflammation Slovak, Academy of Sciences Bratislava, 84104 Slovak Republic. Her main research interest is to some extant outside 

http://www.uef.sav.sk/advanced.htm
http://www.uef.sav.sk/advanced.htm
http://www.uef.sav.sk/advanced.htm


162

Mathematical Model of the Pharmacokinetic Behavior of Theophylline

Citation: Mária Ďurišová. “Mathematical Model of the Pharmacokinetic Behavior of Theophylline”. EC Pharmacology and Toxicology 2.4 
(2016): 156-164.

her education, because it involves investigations of various dynamic systems in pharmacokinetics, using mathematical models. However, 
during her work in pharmacokinetics for several years, she successfully utilized her knowledge of mathematics, based on her engineering 
education, what is necessary for the development of accurate mathematical models in pharmacokinetics. For more information about the 
modeling methods used by the author and their use in pharmacokinetic studies, please visit the author’s web page at: www.uef.sav.sk/
durisova.htm.

Note

The author worked as a researcher and contractor in the 6FP-Project “Network of Excellence: Biosimulation - A New Tool in Drug 
Development, contract No. LSHB CT-2004-005137“and in the 7FP-Project “Network of Excellence: Virtual Physiological Human”. Both 
projects were established by the European Commission. Author worked also in several previous COST program actions. This work of the 
author in several international projects led to the preparation of this study.

At present, the author precipitates in the Action BM1204 of the COST program entitled: An integrated European platform for pancreas 
cancer research: from basic science to clinical and public health interventions for a rare disease.

Acknowledgement 

The author gratefully acknowledges the financial support obtained from the Slovak Academy of Sciences in Bratislava, Slovak Republic. 

Bibliography

1.	 Kasuya Y., et al. “New method for bioavailability assessment of slow-release preparations of theophylline”. Journal of pharmacokinet-
ics and biopharmaceutics 13.6 (1985): 571-587.

2.	 Huang D., et al. “Preparation of a novel PH-sensitive hydrogel based on acrylic acid and polyhedral oligomeric sisesquioxane for con-
trolled drug release of thepphylline”. Polymer Bulletin 71.8 (2014): 1877-1889. 

3.	 Mitenko PA and Ogilvie RI. “Bioavailability and efficacy of a sustained-release theophylline tablet”. Clinical Pharmacology & Therapeu-
tics 16.4 (1974): 720-726.

4.	 Ginchansky E and Weinberger M. “Relationship of theophylline clearance to oral dosage in children with chronic asthma”. Journal of 
Pediatrics 91.4 (1977): 655-660.

5.	 Walson PD., et al. “Intrapatient variability in theophylline kinetics”. Journal of Pediatrics 91.2 (1977): 321-324.

6.	 Patric L., et al. “Variations in theophylline variability in theophylline kinetics”. Journal of Allergy and Clinical Immunology 59.6 (1977): 
440-444.

7.	 Haley TJ. “Metabolism and pharmacokinetics of theophylline in human neonates, children, and adults”. Drug Metabolism Reviews 14.2 
(1983): 295-335. 

8.	 van Rossum JM., et al. “Pharmacokinetics from a dynamical systems point of view”. Clinical Pharmacokinetics 17 (1989): 27-44. 

9.	 Dedik L and Ďurišová M. “Frequency response method in pharmacokinetics”. Journal of pharmacokinetics and biopharmaceutics 22.4 
(1994):  237-307. 

10.	 Dedik L and Ďurišová M. “CXT-MAIN: A software package for the determination of the analytical form of the pharmacokinetic system 
weighting function”. Computer Methods and Programs in Biomedicine 51.3 (1996): 183-192. 

11.	 Ďurišová M and Dedík L. “Modeling in frequency domain used for assessment of in vivo dissolution profile”. Pharmaceutical Research 
14.7 (1997): 860-864. 

http://link.springer.com/article/10.1007/BF01058902
http://link.springer.com/article/10.1007/BF01058902
http://link.springer.com/article/10.1007/s00289-014-1161-y
http://link.springer.com/article/10.1007/s00289-014-1161-y
https://www.ncbi.nlm.nih.gov/pubmed/4609343
https://www.ncbi.nlm.nih.gov/pubmed/4609343
https://www.ncbi.nlm.nih.gov/pubmed/908991
https://www.ncbi.nlm.nih.gov/pubmed/908991
https://www.ncbi.nlm.nih.gov/pubmed/874695
https://www.ncbi.nlm.nih.gov/pubmed/864102
https://www.ncbi.nlm.nih.gov/pubmed/864102
https://www.ncbi.nlm.nih.gov/pubmed/6341027
https://www.ncbi.nlm.nih.gov/pubmed/6341027
https://www.ncbi.nlm.nih.gov/pubmed/7699584
https://www.ncbi.nlm.nih.gov/pubmed/7699584
https://www.ncbi.nlm.nih.gov/pubmed/8955587
https://www.ncbi.nlm.nih.gov/pubmed/8955587
https://www.ncbi.nlm.nih.gov/pubmed/9244141
https://www.ncbi.nlm.nih.gov/pubmed/9244141


163

Mathematical Model of the Pharmacokinetic Behavior of Theophylline

Citation: Mária Ďurišová. “Mathematical Model of the Pharmacokinetic Behavior of Theophylline”. EC Pharmacology and Toxicology 2.4 
(2016): 156-164.

12.	 Ďurišová M and Dedík L. “A system-approach method for the adjustment of time-varying continuous drug infusion in individual pa-
tients. A simulation study”. Journal of Pharmacokinetics and Pharmacodynamics 29.5-6 (2002): 427-444. 

13.	 Ďurišová M and Dedík L. “New mathematical methods in pharmacokinetic modeling”. Basic & Clinical Pharmacology & Toxicology 96.5 
(2005): 335-342. 

14.	 Yates JW. “Structural identifiability of physiologically based pharmacokinetic models”. Journal of Pharmacokinetics and Pharmacody-
namics 33.4 (2006): 421-439. 

15.	 Dedík L., et al. “Estimation of influence of gastric emptying on shape of glucose concentration-time profile measured in oral glucose 
tolerance test”. Diabetes Research and Clinical Practice 77.3 (2007): 377-384. 

16.	 Ďurišová M., et al. “Mathematical model indicates nonlinearity of noradrenaline effect on rat renal artery”. Physiological Research 57.5 
(2008): 785-788. 

17.	 Ďurišová M. “Physiologically based structure of mean residence time”. Scientific World Journal (2012). 

18.	 Ďurišová M. “A physiological view of mean residence times”. General Physiology and Biophysics 33.1 (2014): 75-80. 

19.	 Ďurišová M. “Mathematical model of pharmacokinetic behavior of orally administered prednisolone in healthy volunteers”. Journal of 
Pharmacy and Pharmacology 2.2 (2014): 1-5. 

20.	 Ďurišová M. “Further worked out examples that illustrated the successful use of an advanced mathematical modeling method based 
on the theory of dynamic systems in pharmacokinetics”. International Journal of Research in Medical Sciences 6.6 (2015): 4873-4879. 

21.	 Ďurišová M. “Mathematical model of pharmacokinetic behavior of warfarin”. Advances in Pharmacology and Clinical Trialsls 1.2 
(2016): 1-7. 

22.	 Ďurišová M. “Computational analysis of pharmacokinetic behavior of ampicillin. Journal of Applied Bioanalysis 2.3 (2016): 84-89. 

23.	 Levitt DG. “PK Quest: A general physiologically based pharmacokinetic model. Introduction and application to propranolol”. BMC 
Clinical Pharmacology 2 (2002): 5. 

24.	 Weiss M and Pang KS. “Dynamics of drug distribution. I. Role of the second and third curve moments”. Journal of Pharmacokinetics 
and Biopharmaceutics 20.3 (1992): 253-278. 

25.	 Verotta D. “Concepts, properties, and applications of linear systems to describe distribution, identify input, and control endogenous 
substances and drugs in biological systems”. Critical Reviews in Biomedical Engineering 24.2-3 (1996): 73-139. 

26.	 Xiao H, et al. “A prodrug strategy to deliver cisplatin (IV) and paclitaxel in nanomicelles to improve efficacy and tolerance”. Biomate-
rials 33.27 (2012): 6507-6519. 

27.	 Beckermann B and Kaliaguine V. “The diagonal of the Padé table and the approximation of the Weyl function of second-order differ-
ence operators”. Constructive Approximation 13 (1997): 481-510. 

28.	 Levy EC. “Complex curve fitting”. IRE Transactions on Automatic Control 4.1 (1959): 37-43. 

29.	 Akaike H. “A new look at the statistical model identification. IEEE Transactions on Automatic Control 19.6 (1974): 716-723.

30.	 Lampariello F and Sciandrone M. “Use of the minimum-norm search direction in a nonmonotone version of the Gauss-Newton meth-
od”. Journal of Optimization Theory and Applications 119.1 (2003): 65-82. 

31.	 Boyle P. “Options: A Monte-Carlo approach”. Journal of Financial Economics 4.3 (1977): 323-338. 

https://www.ncbi.nlm.nih.gov/pubmed/12795240
https://www.ncbi.nlm.nih.gov/pubmed/12795240
https://www.ncbi.nlm.nih.gov/pubmed/15853925
https://www.ncbi.nlm.nih.gov/pubmed/15853925
https://www.ncbi.nlm.nih.gov/pubmed/16568353
https://www.ncbi.nlm.nih.gov/pubmed/16568353
https://www.ncbi.nlm.nih.gov/pubmed/17270310
https://www.ncbi.nlm.nih.gov/pubmed/17270310
https://www.ncbi.nlm.nih.gov/pubmed/17949245
https://www.ncbi.nlm.nih.gov/pubmed/17949245
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3329936/
https://www.ncbi.nlm.nih.gov/pubmed/24334531
http://www.uef.sav.sk/advanced_files/ref-44.pdf
http://www.uef.sav.sk/advanced_files/ref-44.pdf
http://www.uef.sav.sk/advanced_files/ref-47.pdf
http://www.uef.sav.sk/advanced_files/ref-47.pdf
file:///C:/Users/Designer/Desktop/ECPT-16-RA-034/Ďurišová M. \“Mathematical model of pharmacokinetic behavior of warfarin\”. Advances in Pharmacology and Clinical Trialsls 1.2 (2016): 1-7.
file:///C:/Users/Designer/Desktop/ECPT-16-RA-034/Ďurišová M. \“Mathematical model of pharmacokinetic behavior of warfarin\”. Advances in Pharmacology and Clinical Trialsls 1.2 (2016): 1-7.
http://www.uef.sav.sk/advanced_files/ref-56.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12182760
https://www.ncbi.nlm.nih.gov/pubmed/12182760
https://www.ncbi.nlm.nih.gov/pubmed/1522480
https://www.ncbi.nlm.nih.gov/pubmed/1522480
https://www.ncbi.nlm.nih.gov/pubmed/9108983
https://www.ncbi.nlm.nih.gov/pubmed/9108983
https://www.ncbi.nlm.nih.gov/pubmed/22727463
https://www.ncbi.nlm.nih.gov/pubmed/22727463
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.11.8204&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.11.8204&rep=rep1&type=pdf
http://ieeexplore.ieee.org/document/6429401/?reload=true
http://ieeexplore.ieee.org/document/1100705/
http://link.springer.com/article/10.1023/B:JOTA.0000005041.99777.af
http://link.springer.com/article/10.1023/B:JOTA.0000005041.99777.af
http://www.sciencedirect.com/science/article/pii/0304405X77900058


164

Mathematical Model of the Pharmacokinetic Behavior of Theophylline

Citation: Mária Ďurišová. “Mathematical Model of the Pharmacokinetic Behavior of Theophylline”. EC Pharmacology and Toxicology 2.4 
(2016): 156-164.

32.	 Varvel JR., et al. “Measuring of the predictive performance of computer controlled infusion pumps”. Journal of Pharmacokinetics and 
Biopharmaceutics 20.1 (1992): 63-94. 

33.	 Siegel RA. “Pharmacokinetic transfer functions and generalized clearances”. Journal of Pharmacokinetics and Biopharmaceutics 14.5 
(1986): 511-521. 

34.	 Segre G. “The sojourn time and its prospective use in pharmacology”. Journal of Pharmacokinetics and Biopharmaceutics 16.6 (1988): 
657-666. 

35.	 Rescigno A. “Compartmental analysis and its manifold applications to pharmacokinetics”. AAPS Journal 12.1 (2010): 61-72. 

36.	 Gillespie WR., et al. “Linear systems approach to the analysis of an induced drug removal process. Phenobarbital removal by oral 
activated charcoal”. Journal of Pharmacokinetics and Biopharmaceutics 14.1 (1986): 19-28. 

Volume 2 Issue 4 November 2016
© All rights reserved by Mária Ďurišová.

https://www.ncbi.nlm.nih.gov/pubmed/1588504
https://www.ncbi.nlm.nih.gov/pubmed/1588504
https://www.ncbi.nlm.nih.gov/pubmed/3806373
https://www.ncbi.nlm.nih.gov/pubmed/3806373
https://www.ncbi.nlm.nih.gov/pubmed/3251034
https://www.ncbi.nlm.nih.gov/pubmed/3251034
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2811643/
https://www.ncbi.nlm.nih.gov/pubmed/3746631
https://www.ncbi.nlm.nih.gov/pubmed/3746631

	_GoBack
	OLE_LINK2
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Ref427310502
	_GoBack
	_Ref461971471
	_Ref460681792
	_Ref427400103
	_Ref427313129
	_Ref399788343
	_Ref428008548
	_Ref427328384
	_Ref389637688
	_Ref427928035
	_Ref372128510
	_Ref381538678
	_Ref427692624
	_Ref427310518
	_Ref377922361
	_Ref461971494
	_Ref461973271
	_Ref427771504
	_Ref461978160
	_Ref389819538
	_Ref380755346
	_Ref388086395
	_Ref394602402
	_Ref427771523
	_Ref461978185
	_Ref432751562
	_Ref428198571
	_Ref428287119
	_Ref427915118
	_Ref462046547
	_Ref382040183
	_Ref428289292
	_Ref386703523
	_Ref394947750
	_Ref395019243
	_Ref431995877
	_Ref428289310
	_Ref395465162
	_Ref431212603

