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The described pharmacokinetic program for TI-59 is in clinical practice applicable in analyses 
of plasma concentration profiles established after singledose, intravenous or oral administration 
of drugs showing one- or two-compartment first-order pharmacokinetics. Analysis of multiple 
dose, steady state plasma concentration data may also be carried out. Predictions of mean steady 
state plasma concentrations related to multiple dose drug administration are obtainable on the 
basis of a preceding singledose pharmacokinetic analysis. The program contains routines for: 
exponential regression analysis, determination of and treatment of residuals, simulation of plasma 
concentration curves, corrections for timedefined intravenous infusion substituting for bolus 
injection, determination of and correction for lag-time and routines for calculation of fitted and 
derived pharmacokinetic parameters. Naproxen and theophylline plasma concentration data were 
used to demonstrate the practical applications of the program. 

Introduction 

Rational drug therapy is in general directly dependent upon attainment of a certain 
effective concentration of the drug in blood plasma. Also, too high plasma concentra- 
tions may produce possibly dangerous toxic effects. The plasma concentration of a 
drug is a function of a number of factors: the dose of the drug and its systemic avail- 
ability, the dosing interval, the characteristics of distribution of the drug to the various 
tissues in the organism and the rate of its elimination from the body. The correct dose 
consequently depends in a complex way upon several pharmacokinetic parameters, 
which, if known, often only are available as average estimates obtained from experi- 
ments on normal individuals. Several disease states and interindividual variability may, 
however, influence pharmacokinetic parameters related to a particular drug. An 
individual assessment of each patient is thus the most rational. approach in drug 
therapy, in particular when potentially toxic drugs are used. 

The plasma concentration profile obtained after administration of a single dose of 
a drug may generally be described by a number of exponential terms reflecting first 
order kinetics, and, when analysed accordingly, the relevant pharmacokinetic para- 
meters can be obtained. The following text contains a description of the most essen- 
tial theoretical features and a practical instruction for using a program developed for 
pharmacokinetic analysis and parameter calculations by means of the minicalculator 

83 
ht. J. Bio-Medical Computing (12) (1981) 83-96 
0 Elsevier/North-Holland Scientific Publishers Ltd. 



84 F. Nielsen-Kudsk 

TI-59. The pharmacokinetics of drugs with one- or twocompartment characteristics 
after intravenous or oral single-dose administration may be analysed by means of the 
program. Analysis of multiple-dose, steady state plasma concentration data is also 
possible. Mean steady state drug concentrations in plasma related to multiple-dose 
administration may be calculated by the program as a function of determined phar- 
macokinetic parameters, maintenance dose and dosing interval. 

Methods 

The mini-calculator TI-59 from Texas Instruments was used with the adaptable 
printer PC-100 A. It was equipped with the statistics library ‘solid state software’ 
module, but only the linear regression initialization routine of this module was used. 

The pharmacokinetic program developed for the calculator incorporates a routine 
for exponential regression analysis of: (1) the time/concentration data related to the 
eliminatory @- or k,-phase and (2) the time/residual data defining a distributory o-phase 
and/or a k,-phase of absorption in the time course of plasma (or serum) concentration 
curves obtained after single dose administration of drugs with two-or onecompartment 
characteristics. The extension with time of the various phases is judged graphically 
from semilogarithmic plots and possibly from a test analysis of selected data among 
the very last, the intermediate, and the initial experimental time/concentration values. 

The zero-time concentration constants (B* and A* and/or possibly C*) and the 
corresponding rate constants (k, or /I, cu and/or k,) determined by exponential regres- 
sion analysis are used in the program to simulate the relevant theoretical plasma 
concentration/time course in accordance with the following functions related to intra- 
venous administration by a short-lasting infusion of one-compartment (eqn. 1) and 
two-compartment (eqn. 2) drugs or singledose oral (or other paravascular) administra- 
tion of drugs with one-compartment (eqn. 3) and twocompartment (eqn. 4) character- 
istics: 
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In eqns. (1) and (2) T is equal to t during infusion of the drug and attains a constant 
value at time of its termination, which then is reckoned as zero time. The rate of 
infusion is k” (= so/T, where a0 is the dose administered). V, is the apparent one- 
compartment volume of distribution, whereas V, is the apparent central volume of 
distribution of drugs with two-compartment characteristics. The complete coefficients 
to dker or e.Pj, e-at and dkar equals the concentration constants B*, A* and C, 
respectively. A possible lag-time (tL) related to oral (or paravascular) administra- 
tion of drugs with one-compartment characteristics is in the program calculated as 
tL = (ln C* - ln B*)/(k, - k,). Lag-times related to two-compartment drugs are deter- 
mined in the curve simulation procedure. 

In order to calculate the remaining pharmacokmetic parameters relevant to intra- 
venous time(T)-limited infusion of a one-compartment drug B* is corrected to the 
value (B’) corresponding to bolus injection: B’ = B* k,T/(l - e.keT). In case of a two- 
compartment drug the corresponding corrections are used: B’ = B* /3T/(l - e-B*) and 
A’ = A * aT/(l - e.(YT). Zero-time concentration constants obtained in analysis of true 
bolus injection data are, of course, not corrected. If a positive lag-time for a one- 
compartment drug has been demonstrated, B* and @c are both corrected to B’ in 
accordance with eqn. (3), from which it may be derived that B’-‘C’ = 0 at t = fL . In 
case of a calculated ‘negative’ lag-time, C* is corrected to B*. -In relation to two- 
compartment drugs B*, A* and C* are corrected for lag-time in accordance with the 
equation: A’ + B’ +.C’ = 0, which is derived from eqn. (4) at t = tL. 

In analyses of a multiple-dose steady state plasma concentration curve, the back- 
ward projection concentration constants corresponding to the time for the last dose 
(B”, A”, and C” corrected for a possible lag-time) have to be transformed to the 
corresponding single-dose constants (B’, A’ and C’) before calculation of the remain- 
ing relevant pharmacokinetic parameters can take place. This is executed in the pro- 
gram by multiplication of the constants in question with the factor (1 - e.ki’), 
where ki represents a, fl and k,, whereas T is the dosing interval. 

The area under the function-fitted plasma concentration curve is in the program 
calculated as: AUC = (B’/p) + possibly (A’/a) and/or + (C’/k,). Plasma clearance is 
then calculated as: Cl = ao/AUC. The apparent total volume of distribution during the 
@phase IS determmed as: I& (= Vdarea ) = CZ/fi. In case of intravenously administered 
drugs the apparent volume of distribution of the central compartment is found as 
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a,&,, where co = A’ + B’ in relation to drugs with two-compartment characteristics. 
For onecompartment drugs the apparent volume -of distribution is calculated as 
v,=B’/Q. 

If an absorption process is involved, co is for twocompartment drugs calculated as: 
cl) = (WI’ + pB’ f k,C’)/(--k,). Th e uncomposite rate constants related to the open 
two-compartment pharmacokinetic model are in the program calculated according to 
the equations: kro = co/AUC, k2r = @3/klo and kr2 = (Y + 0 - kro - kzr. The apparent 
volume of the peripheral compartment at steady state is derived as: VP; = I$lckrz/kzl, 
whereas the total volume of distribution at that state is calculated as: V,, (= I$,,) = 

V, + Ge* 
In the case of paravascular administration of drugs with onecompartment character- 

istics the program calculates the time (corrected for a possible lag-time) of occurrence 
of the maximum plasma concentration as: t,, = ,ln (k&J@, - k,) and cmax = 
(kJk,)ke/(ka- ke) B’ (k, - k,)/k,. For twocompartment drugs these parameters may 
be obtained in the simulation procedure. 

The program also contains a routine for calculation of the mean steady state plasma 

RCL 

2‘ 

Fig. 1.. Listing of the pharmacokinetic progrw for TI-59. 
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concentration 8,) related to regular multiple administration (dosing interval 7”) of 
systemic available maintenance doses (ao) of a drug for which the relevant pharmaco- 
kinetic parameters have been determined by means of the program: Z_ = ae/(CZ T). 

A listing of the pharmacokinetic program for TI-59 is shown in Fig. 1. The program 
occupies three sides of two magnetic cards. 

Instructions for using the program 

The following is an outline of procedures for the practical use of the program with 
TI-59 and PC-100 A: 

Q. Partitioning of the calculator memory: Enter 4, press 2. OP 17. 
1. Press CLR, enter side 1 of magnetic card No. 1, CLR enter side 2 and CLR enter 

side 1 ofcardNo.2. 
2. Press 2. FIX 5 to obtain print out to 5 decimal places. 
3. Initialization of the program: Press RST and then R/S. 
4. Entering of data: Enter time value, press R/S, enter plasma concentration value 
(unit: mg 1-l or mm01 1-l) and press R/S. Repeat for all data judged as belonging to 
the terminal /3- or &-phase of the plasma concentration time course. The entered data 
are printed out followed by a numerator. 
5. Deleting of entered data: Press B and enter the unwanted data pair as above. 
5. Exponential regression analysis of entered data: Press C, which is followed by print 
out of the zero time Y-axis intercept B *, the regression line slope -fl or --k,, the bio- 
logical half-life of the drug and the coefficient of determination r2. 
6a. Entering of supplementary data after analysis: Press 2. B’ and enter data as stated -- 
in 3. 
7. Initialization for determination of and analysis of residuals of first order: Press D. 
J$. Entering of time/plasma concentration data corresponding to the a-phase of two- 
compartment drugs or the &-phase of drugs with onecompartment characteristics; 
procedure and comments as described in _4, except that the residual value is also 
printed out just before the numerator. 
9. Exponential regression analysis of residuals of first order: Press C, which effectuates 
print out of A* or C?, -a or -k,, the half-time of the phase of distribution or absorp- 
tion and the relevant coefficient of determination r*. 
22. In analysis of twocompartment paravascular (oral) data with an absorption phase, 
initialisation for residuals of second order, entering of data and exponential regression 
analysis are carried out as described in I,! and 2, by which C*, k, and r2 are deter- 
mined. 
LO. Simulation by tabulation of theoretical plasma concentration curves based upon 
data fitted mono-, bi- or triexponential functions is performed by entering an adequate 
time interval value (t’, e.g. stated in hours) in the program: t’ ST0 23, followed by 
pressing E, which effectuates printing out of the time/concentration course from zero 
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time and at consecutive t’-intervals. In case of one- or twocompartment pharmaco- 
kinetics with a first order absorption phase, the above procedure has to be preceded 
by: Press 2.6. The simulation may be started at times deviating from zero by entering 
the appropriate time in register 22: t ST0 22. Simulation is stopped by pressing R/S. 
Repetition of the simulation or parts of it is carried out by entering the relevant 
starting time in register 22, followed by pressing E. 
m. A possible lag-time (tL), which is discovered by a negative sum of A *, B* and C*, 
may be determined in the same simulation procedure as the positive time of function 
zero, where A’ +’ B’ =’ -C’. In most cases an accuracy corresponding to two decimal 
points is sufficient. This is obtained by using t’= 0.01 in the curve simulation around 
function zero, and then determine tL corresponding to the lowest simulated positive 
concentration value. Correction of the concentration constants for lag-time is per- 
formed as follows: tL is entered in register 22 (fL ST0 22), register 23 is zeroed 
(0 ST0 23), press E and after print-out of tL and the lowest positive C-value, press 
R/S and afterwards 24’, Which causes the program to store A’, B’ and -(A’ + B’ = C’) 
in the registers IO, 13 and 16, respectively. The lag-time corrected constants are printed 
out. In cases, where a ‘negative’ lag-time is found (4 * + B* + C* > 0), the function is 
forced through zero by pressing 2.4’ at t = 0. For drugs with one-compartment 
characteristics calculation of and correction for lag-time is performed automatically 
by the program. 
11. Correction of B* and/or A * for time-defined intravenous infusion of a single dose - 
is necessary before calculation of the relevant pharmacokinetic parameters can be per- 
formed. This is done by the program if the time of duration of the infusion (I;:, e.g. 
in hours) is stored in register 24 (enter q ST0 24) before pressing 2.0’. The corrected 
constants (B’ and/or A’) are printed out. 
12. The systemic available dose (co, generally stated in mg or mmol/kg of body weight) 
G-stored in register 00: Enter a0 ST0 00. 
13. Calculation of pharmacokinetic parameters: Press 2.E’. The program will now - 
execute the calculations in accordance with the previously stated equations. In case 
of twocompartment intravenous pharmacokinetics the resulting parameters are 
printed out as follows: (1) a0 (unit: mg or mm01 kg-‘; (2) AUC (mg or mmol 1-i t); 
(3) plasma clearance, CZ = ao/AUC (1 kg-’ f’); (4) the apparent volume of distribution 
Pdp = I’,,,,, (1 kg-‘); (5) co (mg or mm01 1 -i);(6) VJl kg-‘); (7) the uncomposite 
rate constants kio, kZ1 and kis (unit: t-l, e.g. h-l); and (8) I$,,and V,, = I&, (1 kg-‘). 

In relation to one-compartment pharmacokinetics the following parameters are 
calculated and printed out: (1) A possible lag-time and the corresponding concentra- 
tion constant C’; (2) the systemic available dose, ao; (3) AUC, (4) plasma clearance, Cl; 
(5) the apparent volume of distribution, 5; and (6) in relation to first order absorp- 
tion also the lag-time-corrected tmax- value and the corresponding maximum plasma 
concentration of the drug, c,,,. 
14. The concentration constants B **, A** and/or possibly Cc* obtained in analyses 
of intravenous or paravascular (oral), multiple-dose steady state plasma concentration 
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curves may (after correction for a possible lag-time) be transformed to the correspond- 
ing single-dose constants B’, A’ and/or C’ prior to execution of 2. This is achieved by 
storing the dosing interval (T) in register 25 (T ST0 25) followed by pressing SBR 
SBR. The transformed parameters are printed out. It is assumed that T is of longer 
duration than the o-phase. These transformations may be reverted by a program 
routine, which is executed by pressing SBR 2. LBL. This last routine is useful in pre- 
dictions from single-dose pharmacokinetics, of the plasma concentration/time course 
at steady state during multiple dose administration. Function simulation may be 
executed by pressing E after print-out of the corrected parameters. Register 22 may 
have to be zeroed (0 ST0 22) or readjusted to any wanted time. 
15. In cases where intravenous, multiple-dose administrations are carried out as time- 
defined infusions, the procedures given in 11 and 1__4 may be used in succession. 
_@. Determination of the systemic availabledose (ac) in conjunction with oral (or 
paravascular) drug administration has to be carried out in advance of the program 
calculation of the apparent volumes of distribution and plasma clearance. The follow- 
ing equation is used a0 = dosei” X (AUC,,,,/AUCi.,). A further correction for an 
intrasubject (or possibly intersubject) variability in the experimentally determined 
biological half-life of the drug in relation to the intravenous and oral administration 
of the drug may be carried out by multiplication with the factor defined by the 
ratio: k, or p (oral)/k, or 0 (i.v.). The areas may be determined by performing the 
program routine as described in 13, but without entering ao, or they may be measured 
by means of the trapezoidal method. 
17. The mean steady state plasma concentration (?,) to be expected in relation to 
multiple dose administration of a drug that has been pharmacokinetically analysed as 
stated above on basis of single dose administration may be calculated by the program 
after entering the systemic available dose of maintenance (ao) and the dosing interval 
(T): a0 ST0 00 and T ST0 25. After pressing key A the parameters are printed out in 
the following order: ao, T and P_. 

Results 

The procedure and the obtained results of a pharmacokinetic analysis of time/ 
serum concentration data referring to a short-lasting intravenous infusion of a single 
dose of 250 mg (3.23 mg/kg body wt) of theophylline, administered as aminophylline 
to an adult, male person, are shown in Fig. 2. The analysed data, which are plotted 
semilogarithmically in Fig. 3, were: 0.17 h/7.15 c(g ml-‘, 0.25/6.51, 0.33/6.26, 
0.5015.87, 0.6715.53, 115.28, 214.27, 412.69, 6/1.81, 811.30, 1210.54 and 1610.22. 
The 8 last data pairs (cf. Fig. 2) constituting the &phase of disposition of theophylline 
were in 1 entered, printed out and then subjected to exponential regression analysis 
resulting in print out of B* (pg ml-‘), /3 (h-l), t& (h) and the determination coeffi- 
cient r2. The remaining data pairs judged as belonging to the a-phase of distribution 
were in 2 entered and printed out together with the calculated residuals, which finally 
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1 0.67000 
5.53000 
1.00000 

1.00000 
5.28000 
2.00000 

2.00000 
4.27000 
3.00000 

4.00000 
2.69000 
4.00000 

6.00000 
1.81000 
5.00000 

8.00000~ 
1.30000 
6.00000 

12.00000 
0.54000 
7.00000 

16.00000 3.33072 4.00000 4 6.50459 
0.22000 -8.04330 2.79747 4.57075 
8.00000 0.08618 0.00000 

0.99303 6.00000 
6.44834 1.84257 
-0.20878 3.23000 
3.32004 2 0.00000 8.00000 
0.99904 9.77906 1.21362 31.72403 

0.10182 
0.20000 12.00000 0.48768 

2 0.17000 6.85129 0.52650 11.07534 
7.15000 0.29164 
0.92651 0.40000 16.00000 
1.00000 6.06514 0.22841 

0.34912 
0.25000 0.60000 20.00000 4.81002 
6.51000 5.71583 0.09909 3.09294 
0.38960 
2.00000 0.80000 24.00000 0.18753 

5.46181 0.04299 0.47917 
0.33000 
6.26000 1.00000 
0.24097 5.23439 
3.00000 

2 3.23000 
4.00000 

2.00000 7.93089 
0.5OQOO 4.24724 
5.87000 
0.06085 
4.00000 

Fig. 2. A pharmacokinetic analysis of serum theophylline concentration data obtained after a single 
short-lasting intravenous infusion of the drug. A detailed information is given in the text. 

were treated by exponential regression analysis ending up with printing out of A *, ar, 
t ~~(11 and I’. The fitted biexponential function is simulated by tabulation in 3, which 
shows corresponding times (h) and serum concentrations (pg ml-‘) up to 24 h. InA are 
shown the infusioncorrected (Z’t = 5 min) concentration constants B’ and A’, which 
equals the corresponding bolus injection constants, then a0 (total dose in mg kg-‘), and 
the final analytical results, which in succession are: AUC kg ml-’ h), CZ (1 kg-’ h-l), 
I& (1 kg-‘), CO Gug ml-‘), V, (1 kg-‘), ho, h, h (an in h-‘1, Vpe and Ge (1 kg-‘). 
In 3 are stated as an example: a systemic available steady state maintenance dose 
(in mg kg-‘), the regular dosing interval (in hours) and the resulting steady state serum 
concentration of theophylline (in ~zg ml-‘), which was calculated by the program on 
basis of the preceding pharmacokinetic analysis. 

The analysed intravenous data and the pharmacokinetically fitted theoretical serum 
concentration curve of theophylline are shown graphically in a semilogarithmic plot 
in Fig. 3. The curve is based on the function cl = 3.33072 exp(-8.04330t) + 6.44834 
exp(-O.20878). 

Figure 4 shows the analysis of time/serum theophylline concentration data referring 
to oral administration to the same person of a single dose of 3.23 mg kg-’ of a micro- 
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HOURS 
Fig. 3. Theoretical theophylline serum concentration curves based upon the analyses stated in 
Fig. 2 and Fig. 4, which were performed on data obtained after intravenous and oral administra- 
tion of the drug, respectively. 

particulate theophylline tablet preparation. The analysed data, which are stated in 
hours and pg ml-‘, may be read from the figure. They are plotted semilogarithmically 
in Fig. 3. The 4 last data pairs (1) were judged as belonging to the &-phase of elimina- 
tion related to onecompartment pharmacokinetics. Exponential regression analysis of 
these data yielded B* Org ml-‘), k, (h-l), t,,& (h) and rs. In 2 the remaining data pairs 
belonging to the absorption phase were entered, and the corresponding residuals were 
calculated, printed out and subjected to exponential regression analysis, which ends up 
with print-out of C”, $, tl,,& and r2. Simulation by tabulation of the fitted biexpon- 
ential function describing the time/serum concentration course of theophylline is 
exe&e-d in 3. D&erminatMa of lag-time (in hours) and the correspondingly corrected 
concentration constant C’ (k B’) id performed in _4, which further incorporates the 
determinations of AUC (pg ml-' h), t,, @) and c, &g ml-‘). In 2 the calculated 
(cf. methods) ayatemic available dose, aa (mg kg-‘), has been entered and this allows 
further e&r&&~ and print-out of plasma d~assca, CZ (1 kg’ h-l) and the apparent 
volume of cl&tibution, V, (1 kg-r). In ,6 ir g&en an example of calculation of the 
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1 8.00000 
1.71000 
1.00000 

12.00000 
0.79000 
2.00000 

16.00000 
0.34000 
3.00000 

24.00000 
0.07000 
4.00000 

8.56043 
-0.20043 
3.45827 
0.99984 

2 0.17000 
0.13000 
-8.14366 
1.00000 

0.25000 4.00000 
0.35000 3.36000 
-7.79206 -0.47981 
2.00000 0.00000 

0.33000 6.00000 
0.74000 2.16000 
-7.27254 -0.41168 
3.00000 9.00000 

0.50000 8.67836 
1.34000 -0.56569 

-6.40413 1.22532 
4.00000 0.94911 

0.67000 
1.72000 

-5.76470 
5.00000 

3 0.00000 
-0.11793 

1.00000 
1.80000 
-5.20566 
6.00000 

2.00000 
2.29000 
-3.44328 
7.00000 

0.20000 
0.47404 

0.40000 
0.97993 

0.60000 
1.40982 

0.80000 
1.77272 

1.00000 4 0.03746 
2.07661 0.49640 

2.00000 
2.93372 0.00000 

4.00000 
2.93670 

6.00000 
2.28035 

27.37007 
0.00000 
0.00000 
2.84067 
3.10445 

8.00000 
1.62838 2 0.00000 

8.49640 
12.00000 
0.76279 2.67533 

16.00000 
0.34552 

20.00000 
0.15534 

27.37087 
0.09774 
0.48767 
2.04067 
3.10445 

24.00000 
0.06971 6 2.68000 

4.00000 
6.05467 

Fig. 4. A pharmacokinetic analysis of serum concentration data obtained after oral administration 
of a single dose of a tablet preparation of theophylline to an adult person. A detailed information 
is stated in the text. 

mean serum steady-state concentration (Z,) of theophylline related to multiple, 
regular administration of the stated systemic available maintenance dose, a0 (mg kg-‘), 
and the stated dosing interval, Ti (II). The parameters are printed out in the following 
succession: ae, Ti and Z_. 

The analysed serum theophylline data referring to oral administration of the drug 
and the pharmacokinetically fitted theoretical serum concentration curve are depicted 
in a semilogarithmic plot in Fig. 3. The curve represents the biexponential function: 
c = 8.49640 exp(-O.20043t*) - 8.49640 exp(-O.56569?*), where t* is the lag-time 
(0.0375 h)corrected time. 

Figure 5 shows the analysis of plasma naproxen concentration data (stated in hours 
and c(g ml-‘), which were obtained in an adult male volunteer, who ingested a single 
oral dose of 2.5 mg/kg body wt. The data are plotted semilogarithmically in Fig. 6. 
The last 4 data pairs were in 1 entered and subjected to exponential regression analysis 
as representatives of the P-phase of disposition related to two-compartment pharmaco- 
kinetics. The results, B*, 0, t& and Y’, are printed out finally. In 2 are shown the 
entered data pairs, which were judged as belonging to the a-phase, and the calculated 



1 11.00000 
9.45000 
1.00000 

171.59158 
-0.65793 
1.05353 
0.99923 

21.50000 
6.85000 
2.00000 

27.50000 
5.61000 
3.00000 

2 0.50000 
4.30000 

-132.66388 
1.00000 

32.25000 
4.67000 
4.00000 

1.00000 
4.70000 

-97.42626 
2.00000 

13.69827 2.00000 
-0.03288 32.00000 
21.08163 -26.85475 
0.99757 3.00000 

4.00000 
2 24.10000 

12.08984 
1.00000 

3.00000 
29.90000 
-6.35066 
4.00000 

6.00000 
14.70000 
3.45420 
2.00000 

290.61748 
-1.24340 
0.55746 
0.98807 

8.00000 
11.40000 
0.86992 
3.00000 

4 0.00000 
-105.32763 
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0.50000 18.00000 
-19.10644 7.58071 

0.70000 22.00000 
-0.05834 6.64551 

1.00000 26.00000 
18.31180 5.82647 

1.50000 30.00000 
31.98584 5.10844 

2.00000 34.00000 0.09649 
34.68255 4.47890 0.13557 

2.50000 
32.76121 

3.00000 
29.27937 

4.00000 
22.34640 

6.00000 
14.39051 

8.00000 
11.40458 

10.00000 
10.09707 

14.00000 
8.66197 

,5 0.70100 
0.02125 

13.38616 
108.19203 

-121.57819 

0.00000 

473.79592 
0.00000 
0.00000 

63.97578 
0.00000 

0.13503 
0.16021 
0.39558 

0.00000 
0.00000 

6 2.50000 

473.79592 
0.00528 
0.16048 

63.97578 
0.03908 

0.13503 
0.16021 
0.39558 

z 42.01621 
171.65553 

-290.61758 

Fig. 5. An analysis of the single-dose, oral pharmacokinetics of naproxen based upon plasma con- 
centration data from an adult person, who ingested 2.5 mg/kg body wt. Confer with the text for a 
detailed description of the analytical procedures used. 

residuals of first order are also printed out together with a numerator. Exponential 
regression analysis of the residuals yielded A *, OL, tl12ar and r2, which are printed out at 
last in this program routine. The remaining data pairs belonging to the &-phase of 
absorption were in 3 entered and the corresponding residuals of second order were 
calculated, printed out and subjected to exponential regression analysis, which ends up 
with printout of C*, k,, t,,*k, and Y’. Simulation by tabulation of the fitted triexpo- 
nential function describing the time/plasma concentration course of naproxen is 
carried out in 4. Determination of the lag-time (in hours, accurate to the third digit, 
cf. methods) and the accordingly corrected concentration constants B’, A’ and C’ is 
executed in 2, which also incorporates the calculations of AUC hg ml-’ h) and the 
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NAPROXEN 

0 

“0 0 

; 0.0 4.0 6.0 , 12.0 16.0 20.0 24.0 26.0 32.0 36.0 

HOURS 

Fig. 6. The single-dose naproxen plasma concentration data stated in Fig. 5 are shown in a semi- 
logarithmic plotframe together with the NONLINderived and computer generated curve of best 
fit. Further information is given in the text. 

uncomposite rate constants kre, ksr and krs (h-l). In 6 the assumed systemic available 
dose, u. (2.5 mg kg-‘), has been entered and the calculation and print-out of plasma 
clearance, Cl (1 kg-’ h-l), I& (= I/d_, 1 kg-‘), co 0s ml-‘), v, (1 kg-‘), kio, k21 ad 

k12 @-‘1, Vpe and V,e (= bldss, 1 kg-‘). In 1 is as an example stated the theoretical 
steady state concentration constants (B **, A** and C**) which were calculated on 
basis of a maintenance dose of 2.5 mg kg-‘, a dosing interval of 12 h and the original 
singledose concentration constants, using the program routine SBR 2. LBL (cf. 
methods). The theoretical steady state function, which could have been simulated by 
pressing E, is thus: cl = 42.01621 exp(-O.O3288t) + 171.65553 exp(-O.65793t) - 
290.61758 exp(-1.24340t), where t is in hours and c in fig ml-‘, 

The naproxen plasma concentration data were for comparative reasons also ana- 
lysed by means of a slightly modified version of Metzler’s (1969) program NONLIN 
for iterative non-linear least squares regression analysis. The parameters determined in 
the above described analysis were used as starting input for NONLIN. The concentra- 
tions were treated unweighted. Figure 6 shows the naproxen data and the computer 
generated curve of best fit in a semilogarithmic plot-frame. The curve expresses the 
function: cl = 12.633 exp(-O.O3078t*) + 129.368 exp(-O.6533t*) - 142.001 
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exp(-l.O818t*), where t* is the time corrected for a lag-time of 0.927 h. ‘Ihe phar- 
macokinetic parameters derived from this analysis were: AUC: 477.26 &g ml-’ h), 
kie: 0.1331,ksr: 0.1511, krs: 0.3999,&-,: 1.0818 (h-‘),c& 63.52 @g ml-‘),CI: 0.00524 
(1 kg-’ h-l), &: 0.170, v,: 0.039, I&.: 0.104 and v,, : 0.143 (1 kg-‘). 

Discussion 

By comparing the above stated NONLINderived pharmacokinetic naproxen para- 
meters with the hr Fig. 5 stated parameters obtained by using the described program 
for TE59 it becomes clear that only smaller and clinically unimportant differences 
exist. It should however, be acknowledged that greater differences may occur, if 
poorer data are &lysed comparatively in this way. The actual data were obtained 
under experhnental conditions, which have been described previously (Nielsen-Kudsk 
et al. 1980b;,NielseuKudsk, 1980a). HPLC-methods were used for the determinations 
of theophylline in serum (Nielsen-Kudsk and Pedersen, 1978) and naproxen in plasma 
(Nielsen-Kudsk, 1980a). It should be emphasized that the specificity and accuracy of 
the method of drug analysis used _m a pharmacokinetic investigation are of major 
importance with regard to the validity of the derived pharmacokinetic parameters. 

The decision that has to be taken about what number of data pairs belong to the 
P-phase, the a-phase and/or the k,-phase related to drugs with two- or onecompart- 
ment characteristics, respectively, may in some cases be facilitated by a preliminary 
pharmacokinetic test analysis incorporating three of the initial, three of the possible 
intermediate and three of the terminal data pairs. The obtained preliminary halftimes 
multiplied by six offers a rough initial estimate of the duration of either one of these 
phases in the plasma concentration/time course. 

The described simple pharmacokinetic program for TI-59 cannot compete on equal 
terms with complex and advanced automatic computer programs, which incorporates 
iterative non-linear regression analysis of the data. But it is easy and fast to use and the 
obtained parameters are in general comparable to results based upon the use of such 
complex automatic programs, which, as commented upon (Pedersen, 1977) have 
often resulted in an authoritativeness going as far as using these programs as a substi- 
tute for rational thought. Even if the limitations of such programs are observed, it 
must be realized that they only produce analytical results ‘usually comparable to or 
better than’ manual graphical methods and poorer results may occasionally be experi- 
enced (Pedersen, 1977). It should also be emphasized that the used method of weight- 
ing has a very distinct influence upon the results obtained by iterative non-linear least 
squares regression analysis in pharmacokinetic curve fitting (Boxenbaum et al., 1974; 
Wagner, 1975; Poland and Wolosxczak, 1980). 

The pharmacokinetic parameters obtained in analyses of serum or plasma concen- 
tration/time data by means of the described program are in general sufficiently valid 
for clinical use. They may also serve as excellent starting parameters for a further 
iterative non-linear regression analysis of the data, executed by a suitable digital com- 
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puter program like Metzler’s (1969) NONUN. The simulation routine for curve 
function tabulation contained in the program may be useful in the prediction of the 
time course of plasma concentrations of drugs in relation to single dose administration, 
and also, by using the relevant conversion routine in the program, in predictions of 
steady state concentration profiles. 

References 

Boxenbaum, H.G., Riegehnan, S. and Elashoff, R.M., Statistical estimations in pharmacokinetics, 
J. Pharmacokin. Biophann., 2 (1974) pp. 123-148. 

Metzler, C.M., NONLIN, Technical Report No. 7292/69/7293/005, The Upjohn Co., Kalamazoo, 
1969. 

Nielsen-Kudsk, F., HPLCdetermination of some antiinflammatory, weak analgesic and uricosuric 
drugs in human blood plasma and its application to pharmacokinetics, Acta Pharmacol. Taxi. 
col., (47) (1980a) pp. 267-273. 

Nielsen-Kudsk, F., Magnussen, I., Staehelin Jensen,T. and Naeser, K., Bioavailability and pharmaco- 
kinetics in man of orally administered theophylline, Acra Pharmacol. Toxicol., 46 (1980b) 
pp. 205-212. 

Nielsen-Kudsk, F. and Kirstein Pedersen, A., Simultaneous and specific determination of proxy- 
phylline, theophylline and other xanthine derivatives in serum by HPLC, Acta Pharmacol 
Toxicol., 42 (1978) pp. 298-302. 

Pedersen, P.V., Curve fitting and modeling in pharmacokinetics and some practical experiences 
with NONLIN and a new program FUNFIT,J. Pharmacokin. Biopharm., 5 (1977) pp. 513-531. 

Poland, H. and Woloszczak, R., A program library for computing the parameters of linear compart- 
ment models in pharmacokinetics,Int. J. Bio-Med. Cornput. 11 (1980) pp. 115-128. 

Wagner, J.G., Fundrrmentals of CIinical Pharmacokinetics. Drug Intelligence Publ., Inc., Hamilton, 
Illinois, 1975. 


