Oral Theophylline Kinetics

Case Study
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model with absorption
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Pharmacokinetic Case Study Oral Theophylline Kinetics

Oral Theophylline Kinetics:
The One-Compartment Model with Absorption

Prerequisites

The prerequisite for this case study is having worked through the SAAM 11
introductory tutorial, “Getting Started with SAAM Il Compartmental.”

What you will learn in this case study

e How to create the one-compartment model with absorption to analyze rising
and falling data.

How to obtain initial parameter estimates for the model.

How to write the noncompartmental parameters for this model.

How to identify the two solutions that exist for this model.

How to select the solution to the model that is most appropriate using a priori
knowledge of the system being studied.

e How to keep track of your modeling session using Notes.

Files Required

Data:
The data file for this case study is

theo_oral.dat

Introduction

This case study will show you how to create a one-compartment disposition model with
absorption represented by a second compartment, and show that the model has two
solutions. Based on modeling theory, this model is not a priori identifiable (see [1] for
example), and one must decide which of the two solutions is most appropriate for the
particular study. The data used in the case study come from a report in which plasma
concentrations (ug/mL) were measured after oral administration of a 320 mg theophylline
dose to healthy subjects [2].

Since the 1930’s theophylline has been used as a bronchodilator to treat patients with
bronchial asthma. It has a narrow therapeutic plasma concentration range. In addition, the
pharmacokinetics varies widely among subjects, primarily because of differences in
elimination clearance rather than distribution volume.

When theophylline is administered to humans by intravenous infusion, the drug exhibits a
two-compartment or three-compartment pattern of distribution. When given orally with
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typical blood sampling protocols, these compartments collapse into a single disposition
compartment. In either case the distribution volume of theophylline, based on
measurement of free + protein bound drug in plasma, is greater than extracellular fluid
space but somewhat less than total body water because theophylline binds to plasma
proteins [3].

This case study will also discuss how to employ a priori identifiability to obtain the most
appropriate solution to a model where more than one solution exists.

The problem addressed in this case study can be summarized briefly: I have performed a
study to estimate the pharmacokinetic parameters of theophylline. Based on the data, |
want to use a one-compartment disposition model with absorption to describe the kinetics
and estimate the parameters. This is because the data rises and falls, and | believe that this
compartmental model will be satisfactory. | have heard this model has more than one
solution, and don’t know what to do about it. What are my options?

1. Cobelli, C., Foster, D. and Toffolo, G. Tracer Kinetics in Biomedical Research.
Kluwer Academic/Plenum Publishers. New York. 2000.

2. Upton, R. A, Thiercellin, J. F., Guentert, T. W., Wallace, S. M., Powell, J. R.,
Sansom, L., and Riegelman, S. “Intraindividual variability in theophylline
pharmacokinetics: statistical verification in 39 of 60 healthy young adults.” J.
Pharma. and Biopharma. 1982, 10: 123-134.

3. Belknap, S.M. Nelson, J.E., Ruo, T.I., Frederiksen, M.C., Worwag, E.M., Shin, S.-G.,
Atkinson, A.J., Jr. “Theophylline distribution kinetics analyzed by reference to

simultaneously injected urea and inulin”. J. Pharmacol. Exp. Ther. 1987, 243: 963-
969.

Part 1. Create the two-compartment model (one-compartment model with
absorption).

1. Startthe SAAM Il Compartmental application. The SAAM 11 Compartmental
main window will open.

2. Inthe SAAM Il Toolbox, click Model to be sure these tools are available.

3. Create the following system model on the Drawing Canvas:

@7 k(2,1)

k(0,2)
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Part 2. Create the pharmacokinetic experiment on the model.

1. Inthe SAAM Il Toolbox, click Experiment. The Experiment Attributes dialog
box will open.

a. Enter “25” in the End At box.

b. Type “hours” in the Units box. The Experimental Attributes dialog box will
appear as follows:

Experiment Attributes

Independent Variahle: It

Units: |h0urs

Start at: IEI.EI

End at: |25|

Daone I Earneel | Helg

c. Click Done. The Create Experiment dialog box will open.
d. Be sure “Experiment” as the Type is selected. Click Create.
2. Add the data to your model.

a. Inthe Show menu, click Data, or alternatively, on the SAAM Il Toolbar,
click Data H The Data window will open.

b. In the File menu, click Open. The file theo_oral.dat should appear in the list
(if it does not, find the folder where you have put this data file).

c. Double-click theo_oral.dat. The data in this file will appear in the Data

window. You may receive the following warning message. If you do, click
OK. If you do not, the Data window will appear as shown below:

SAAM Il Compartmental m

& ERROR—> Unexpected end of data. 'EMD' statement reguired.
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Warning messages. SAAM |1 will return warnings when it detects a problem
with your model. In the case of the Data window, SAAM Il expects no spaces
at the end of the file. If you put your cursor at the end of the data file, you will
see there may be spaces. Delete these spaces. To check that your data are
okay, in the Edit menu, click Check Data Format. If the problem has not
been fixed, a warning will appear. If it has been fixed, you will receive
notification the data format are okay (message will appear at the lower left of
the Data window.)

mnﬂtﬂ—thED_DrﬂLdﬂt !EIB

DATA A
#Dose: 320 mg Wt. 70.5kg —
Hinits: moogifml

(3D 1.0]

T

p

c

a

L2 4
.53 &
02 g
02 T
B 7
.03 &
a7 5
4

3

1

-l 000

=]
12.15
24,17
END

#

# Eguations for the noncompartmehtal parameters
HTmax = logi((k(2, /(0,211 (K(Z2,11-Ki(0,2)])
HCmax= (dose/wvol) Yexp -k (0,2] *Trmax)

H#Elim t half=log(Z)/k(0,2)

#ih=s t half=log(2)/ki(2,1)

HAUC=dose/ (vol*k(0,2]]

HAUTMC=dose/ (vol*k(0,21 k(0,211

HMET=LATTMC, ATIC

HMAT=1/k(2,1)

HCl=vol*k(0,2)

HWV=s=s=C1*MRT -
ki -

Data has been editad

o S Y TP o O O o B Y o Y =%

The weighting scheme is SD so you can leave the variance model set as the
default data-relative.
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o

SAAM 1T

d.

Entering comments in a Data file. You can enter comments in your data file if
you precede each line with “#.”In this data file, comments are provided which
give some information about the study. In addition, the equations for the
noncompartmental parameters are entered as comments. This is for
convenience; later in the case study, these will be pasted into the Equations
window.

Close the Data window.

3. Create the sample on the Compartment 2.

a. Inthe SAAM Il Toolbox, click Sample.
b. Click Compartment g2, and then click on the Drawing Canvas. The sample
s1 will appear.
c. Double-click sl to open the Sample Attributes dialog box.
d. Type “mcg/ml” in the Units box (mcg/ml is micrograms per ml.)
e. Type “cp” in the Associate with Data Name box. (Notice “cp” is in lower
case.)
f. Edit the sample equation “s1=g2” to read “s1=qg2/vol”. The Samples
Attributes dialog box will appear as follows:
MNarme: =1
Units: [meg/ml
Aszsociate with Data Mame: Ic:p
Equations:
51 = g2 vall :I
[~
Done I Cancel | Help |
g. Click Done.

4. Create an input into Compartment 1.
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The dose of theophylline was 320 mg. Since the units of the data are in ug/ml
(mcg/ml), the dose must be consistent with the data. Thus the dose is 320,000ug.

a.

b.

In the SAAM 11 Toolbox, click Input.

Click Compartment g1, and then click on the Drawing Canvas. The input ex1
will appear.

Double-click ex1 to open the Exogenous Input dialog box.

Be sure bolus is selected as the input type and enter “320000” in the Initial
Amount box.

Click Add. The Exogenous Input dialog box will appear as follows:

Exogenous Input m

Name:leﬂ Referencel Units:l

Type Initial Constant 3tart S3top Repeat Every Nr. Repeats

Bolu=s

Eguatian jex] =

Input Type:————————— Initial Armount; |3znnnn
& Bolus Earstant Fate: I
= |nfusian
Ewvent Start: I
= Primed Infusion
 Equation Evamt Etap: I
Fepeat Eveny: I Delete I%
MNr. of Repeats: I

b [ Done | Cancel Help

f.

Click Done.

Part 3. Defining Derived Variables (Noncompartmental parameters).

The parameters for your model are the rate constants k(2,1), k(0,2) and the volume vol.
The rate constant k(0,2) is a fractional measure of the elimination rate of the drug, and it
has units of inverse time (in this case, 1/hour). It is usually of interest to calculate the
elimination clearance of a drug. This is defined as the product of the elimination rate
constant and the volume of the compartment from which the elimination rate constant
exits. In other words:
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Cl =k(0,2) * vol

Although elimination clearance Cl is derived as a function of the primary parameters
k(0,2) and vol, it provides a volume-independent estimate of drug elimination. As you
recall, parameters are variables that appear in the equations characterizing the model or
experiment, but were not given numerical values. SAAM Il automatically determines the
model parameters. Following a successful “Fit,” the model parameters and the derived
variables will appear in the Statistics window.

Besides clearance, there are a number of other noncompartmental pharmacokinetic
parameters that can be estimated using the one-compartment model with absorption:

Tmax = log((k(2,1)/k(0,2)))/(k(2,1)-k(0,2))
Cmax=(dose/vol)*exp(-k(0,2)*Tmax)
Elim_t_half=log(2)/k(0,2)
Abs_t_half=log(2)/k(2,1)
AUC=dose/(vol*k(0,2))
AUMC=dose/(vol*k(0,2)*k(0,2))
MRT=AUMC/AUC

MAT=1/k(2,1)

Vss=CI*MRT

You can enter these parameters directly. For convenience, they can be cut and pasted
from the data file to the Equations dialog box as described below.

1. In the Show menu, click Data, or alternatively, on the SAAM Il Toolbar click
Data H The Data window will open.

2. Select and copy the noncompartmental parameters. The selected information will
appear in the Data window as follows:
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mnﬂtﬂ—thED_Drﬂl.dﬂt !EIE
ﬁ

LATR

#Dose: 320 my Wt. 70.5kyg
#nit=: mogiml

(3D 1.0]

T

o]

]

L2 4
.55 &
02 (=]
02 T
B2 7
05 &
.07 5
4

3

1

I -1 in kP OO0

1z2.15
Z24.17%7
END

Lo S N % R ok T O Y S5 xRN <

# Ecquations for the noncompartmental parameters
f = log((ki(2, 1)/ k(0,211 (kiZ2,1)-ki(0,2))

i

Data has been editad

3. Close the Data window.

4. Inthe Show menu, click Equations, or alternatively, on the SAAM 11 Toolbar,

click Equations E. The Equations dialog box will open.

5. Paste the equations in the Equations Defined Here pane in the Equations dialog
box.

6. Remove the “#” from the beginning of each noncompartmental parameter
equation. The Equations dialog box will appear as follows:
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|Equations !EIE
Equations Defined Elsevhere (read-only):

fluxi2,1) = k(2,1) * gl _:J
flux(0,2) = k(0,2) * g2

exl.bolus a.o
exl.infusion = 0.0
31 = gz/wvol

<

Equations Defined Here:

e

Tmax = logi(kiZ,1)/ki0,2)))/(k(Z,1)-ki0,2))
Cmax=(dose/vol) *exp(-k(0,2) *Tmax)

Elim t half=log(Z)/k(0,2)

Abs t half=logi2)/kiz,1)

AUC=dose/ (vol*k(0,2))

AUNC=dose/ (vol*k(0,2) *ki(0,2])

MRET=AUNC/ AUC

MAT=1/ki2,1)

Cl=vol*ki0,2)

Fss=Cl7MRT

4

Gl

o

SAAM 1T

7. Close the Equations dialog box.

Equation syntax. There are two points to remember about equation syntax in
SAAM II. First, while it may be appealing to define half time as t_1/2, this is
improper syntax, and SAAM |1 will display an error message. The other point
is that the natural log is “log”, not “In.” If you define, for example,
t_half=In(2)/k(0,2), “In(2)” will be interpreted as a parameter instead of an

algebraic operation, and will appear as a parameter in the Parameters dialog
box.

Part 4. Enter the parameter values, solve the model, fit the model to data, view the
solution and record the results.

Before you can Solve (simulate) your model or Fit your model to your data, you must

provide numerical estimates for the primary parameters of your model. These are the
parameters that appear in the Parameters dialog box.

1. Enter the parameter values.
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a.

SAAM I

In the Show menu, click Parameters, or alternatively, on the SAAM 11

Toolbar, click Parameter E The Parameters dialog box will open. Notice
that dose appears as a parameter. This is because dose is used in some of the
calculations for the pharmacokinetic parameters.

If dose is not selected, double-click dose to select it. Select the Fixed option.
Enter “320000” in the Value box and click Save.

Dose as a parameter. In this case study, dose will be entered both as a
parameter and in the Exogenous Input dialog box as the amount of the bolus
injection. It is entered here as a fixed parameter because it is used in the
calculation of some of the noncompartmental parameters. It should be noted
that the bolus in the Exogenous Input dialog box could also be specified as
an equation where, in this case, “ex1 = dose” with the starting and stopping
times of zero.

Double-click k(0,2). Enter “0.08” in the Value box and click Save.

Double-click k(2,1). Enter “1.75” in the Value box and click Save.

Double-click vol. Enter “300000” in the Value box and click Save. The
Parameters dialog box will appear as follows:
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|- Parameters

=10 x|

Name Type Current Low Limit High Limit

doze Fix 3_z00e+005

ki0,2) Ad] 0. 0800 o.oog0 0.g000

iz, 1) Adj 1.7&00 0_.1750d 17 . 5000
E:_:-E'Ellile+h'.l.5 _____ 3.Z00e4+007

Hats = dnse Value: |2.2000000e+005
14he £ JERed Low Limit: [3.2000000e+005
+ Adiustable S

High Limit; IS_EDDDDDDE+DD?

Done LCancel | Help

f. Click Done.
SAAM II .. . .. .
Initial parameter estimates. How the initial estimates for the parameters k(2,1),

k(0,2) and vol are obtained is explained in the appendix to this case study.
This approach can be applied to any experiment in which you are using the
one-compartment model with absorption.

2. Solve the model and view the solution.

a. Inthe Compute menu, click Solve, or alternatively, on the SAAM 11

Toolbar, click Solve ﬂ

b. Plot the data. In the Show menu, click Plot, or alternatively, on the SAAM 11

Toolbar, click Plot @

c. Inthe Set menu, click Plot/Table Variables. The Plot and Table Variables
dialog box will open. Be sure the List All Variables box is cleared.

d. Click “sl:cp” to move it to the Current Selection pane.
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e. Click Done. If your plot does not appear in semi-log mode, in the View menu,
click Semilog. Your plot will appear as follows:

Zplot =10l x|

1

1|:| T T T T I T T T T T T T T T T T T I T T T LI
el 31 =
: o = o [m] C‘p :
L=} 4

[n]
10"

IIIIIIIIn

a ] 10 5 20 25

1
1 (hoursh

While the shape of the model predicted values follows the data fairly well
meaning that the estimates for k(2,1) and k(0,2) are reasonable, you can see
that the estimate for vol is off. This causes the model predicted values to lie
below the data and means the estimate for vol is too large. Since the maximum
difference between the data and model predicted values is about a factor of 10,
you should reduce your estimate for vol by a factor of 10 from 300,000 to
30,000.

f. Open the Parameter dialog box, set the initial estimate for vol equal to 30000

and reset the Low and High limits respectively of 3000 and 300000. Re-Solve
the model. Your plot should appear as follows:
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=101 x|
1

1I:I T T T T T T T T T T T T T T T T I T T T T

R " ]

o op

100 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 p

0 5 10 15 20 25

1 (hoursh

Now the model predicted values do not differ that much from the data. The
initial rise is not fast enough meaning that the estimate for k(2,1) is low.
Should you wish to continue hand-fitting, you can increase this to see how the
solution is affected. When you hand-fit your model to your data, a rule of
thumb for increasing or decreasing rate constants is a factor of two. Thus if
you increase a rate constant, multiply it by 2, and if you decrease it, multiply it
by Y.

g. Leave the Plot window open.
3. Fit your model to your data, and view the solution and statistics.

a. Inthe Compute menu, click Fit, or alternatively, on the SAAM Il Toolbar

click, Fit Il

b. Since your Plot window is already open, your plot will appear as follows:
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m\‘ Plot

10

qi 00 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 |n

il ) 10 15 20 25
{ (hours)

The “Fit” is satisfactory in that there are no obvious systematic deviations
between the model predictions and the data with the possible exception of the
final datum which appears to be low. Since this datum is at 24 hours which is
12 hours after the previous datum, it is possible that it is an outlier. It is also
possible that the value is reaching the level at which the amount of drug in
plasma cannot be quantitated with the same accuracy as the earlier data.

c. Inthe Show menu, click Statistics, or alternatively, on the SAAM Il Toolbar
click, Statistics E The Statistics window will open as follows:
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Plstavsies -1olx|
Parameter/Variable Value Std.Dev. Coef. of Var. 9L: Confidence Interwal
dozse 3E0000. 00000 EraFistadn st FECFIed X ** Fixed ** FrE R e -
ki0,2) 0.08141 4.E56735=-003 L.60293=+000 0.0702g 0.0313%
kiZ,1) Z.4E5364 1.70046=2-001 &.33033e+000 Z.061EE Z.84577
ol 343E2.21630 B8.15610=+00FZ E._37633e=+000 3E441.41996 36EZ03.01Z54
————————————————————————————————— IR S e e G e e e e e e e B ke e
ATTC 114. 51772 d4.54655=2+000 32.3705E=+000 104. 032244 1lEE.00E33
LATTHC 1406 60030 1.3E2569e+002 9. 4E4785e+000 1100.836E3 171230431
bz t_half 0.Z82E0 1.25780=2-002 &.93033e+000 0.Z2373& D.32?64‘:J

r-Cogrelation Matrix r‘Cogariance Matrix 0

Ohjective Zcaled Data Wariance M:J
sl 1 cp —E_EETEEEe+000 L.4E1267e-002
Total objectiwve I —Z._227e65e+000
ATIC 1.687420e-001
EIC Z.4l0866e-001

-

4 5

You can see that the statistics are quite reasonable in that no parameter has a
large error. You will have to scroll through the Parameter/Variable pane to
see all of the pharmacokinetic noncompartmental parameters.

Notice that the estimated volume of Compartment 2 is 34,316 ml, or 34.32L.
For a 70 kg individual, this is 0.49L/kg, or just under 50% of body weight.

4. (Optional) Record the results in the Notes window.

a.

In the Show menu, click Notes, or alternatively, on the SAAM Il Toolbar

click Notes g The Notes window will open.

Type “First fit — rapid absorption and slow elimination.”

In the Statistics window, select all the information for all the parameters.
In the Edit menu, click Copy.

Click in the Notes window. In the Edit menu, click Paste.

In the Statistics window, select and copy the information for the objective
function.

Click in the Notes window. Click below the statistical information. In the Edit
menu, click Copy. Your Notes window will appear as follows:
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e

First fit - rapid absorption and slow elimination
doze 3z0000. 00000 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
k(0,2 0.02141 4.L56735e-003 E5_g022%=4000 o._o7voss 0.021395
kiZ,1) Z.45364 1.7004Fe-001 £.93033e+000 Z_0B15Z2 Z.84577
wol 3d3FZ_Z1630 8_15610e+00Z2 Z_37633e+000 37441 41996 36Z03.01Z64
————————————————————————————————— Deriwed Wariahles - - ————--------——————————— - ——
ATTC 114 51777 4_54595e+000 3.9705Ze+000 10403244 1Zz5.00z299
ATTMC 1406_ 60030 1.3756%9e+002Z 9_47478e+000 1100.89629 171Z_30431
bihs t_half 0_Z82ZE50 1.9E5780e-002Z £.93033e+4000 0_Z3735 0_32764
C1l 2794 32746 1.1095Ze+002Z 3_.97063e+000 2538 _47176 30E50.18366
Cmax 8_79491 1.37041e-001 1.6E5Z10e=+4000 7.97890 2_61093
Elim t_half 8_51380 4_776Z4e-001 E_£09595=+4000 7.41Z40 9_61E5Z0
MAT 0_40756 Z_.824K51e-002Z £.93033e+4000 0._34Z247 0_47ZE9
MET 17_ 28282 A.89085e-001 E£_8£0955e=+4000 10_69383 13.87180
Tmax 1_43EE69 61?03539—002 d4_4E026e+000 1_Z880z 1_58335
V== 34322 _Z1630 8_15610e+00Z2 Z.37633e+000 32441 _ 41996 36Z03.01Z264
Objective Scaled Data Variance
=l : ecp —-Z.ZZ7665a+000 E_4E1867e-002
Total objective —Z_.Z22Z76&Ea+000
AIC 1. &6287420e-001
EIC Z.4l0866e-001

Il
h. Close the Notes window.

Part 5. Fit the model to data with another set of initial parameter estimates, view the
solution and record the results.

The purpose of this part of the case study is to show that another set of initial
parameter estimates will lead to an identical solution in terms of the fit but a different
final set of parameter values. The difference here is slow absorption and rapid
elimination, as opposed to the above where the absorption was rapid and elimination
was slow. This is an example of so-called “flip-flop” kinetics that may be
encountered when an extended release formulation of a drug is administered.

1. Open the Parameters dialog box, and change the values as follows:
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|8l Parameters il =10 xj
Name Type Current Low Limit High Limit
S.Z200e+005
kio,2) Adj 1.7&00 o_17E0 17. k000
iz, 1) Adj 0.0200 o_aos0 0.8000
wal Adj 1000 0000 1l00_0000 10000, aooo
Hats = dnse Value: [ 2000000e-+005
Ehlgh Loy Lirt: [3-2000000e+005
 Adiustable i,
H ik Lirimts |3_2I:IEIEIEIEIEIE+EIEI?
Done LCancel | Help

2. Solve the model, and view the solution. Your plot will appear as follows:

=0l
z
1I:I T %I T T T T T T T T T T T T I T T T |
E 31 2
C o op ]

100 Jo25] 1 1 | 1 Jo25] | 1  EA] 1 | 1 1 1 | 1 1 1N
n R 10 15 20 25
1 (haoursh
3. Fit the model to the data, and view the solution and statistics.
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a. Fit the model to the data. The plot will appear as shown below (Notice that
this “Fit” is identical to the previous “Fit”):

_ioix

a 5 10

15 20 25
1 (haursh

b. Inthe Show menu, click Statistics, or alternatively, on the SAAM 11 Toolbar
click, Statistics % The Statistics window will open as follows:

Blstaustics EEIE

Parameter Wariable Talue Scd._Dew. Coef. of Var. 95% Confidence Interwal
dose ZE0000. 00000 x* Fixed ®# ok e e Ry ExoFixed AE ek T e P
ki0,2) E.4E8233 1.699132e-001 &.9Z864e+000 Z.06051 Z.8441%
kiz,1) 0.08142 4. 56643e-003 S5.6087E=+000 0.07083 0.02135
ol 1135.144F2 1.05EZEe+00Z S9_.Z371%=+000 296.49564 1381.79Z8E
————————————————————————————————— I B R R IR e e e e S
ATTC 114 54344 4_E4569=+000 3_37094e+000 104. 08015 1E5.03873
ATTHC dg_ T10EZ 32.03EZEZe+000 &.43794=2+000 33.711z3 E3._ 703974
bz £ _half 8.513c0 4_77504e-001 5. 60873=+000 7.41247 9.61472j
o Correlation Matrix i Cowvariance Matrix i “Qh;

Objective Scaled Data Wariance :I
sl : cp —E.EZTEEZe+000 E.4EZ490e-002
Total ochjectiwve —Z.zZ75Eze+000
ATC 1.6875931e~-001
EIC Z.41143%7e-001

i Ay
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You can see that the statistics are equivalent to those of the previous “Fit” and
that the value of the objective function is the same. In addition, the precision
of the model parameter estimates is similar.

What about the pharmacokinetic parameters? It is interesting to see which are
different. Those that remain the same, Cmax, Tmax, AUC and Cl, are
expected. However, the two model solutions resulting from the different initial
values of the parameter have a dramatic effect on parameters characterizing
absorption and elimination.

4. (Optional) Record the results in the Notes window.

a.

In the Show menu, click Notes, or alternatively, on the SAAM Il Toolbar,

click Notes g The Notes window will open.

Under the information from the first “fit”, type “Second “Fit” — slow
absorption and rapid elimination.”

In the Statistics window, select all the information for all the parameters.
On the Edit menu, click Copy.
Click in the Notes window. In the Edit menu, click Paste.

In the Statistics window, select and copy the information for the objective
function.

Click in the Notes window. In the Edit menu, click Paste. Your Notes
window will appear in part as follows:
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« " 5AAM II Compartmental - [Notes]
g File Edit Wiew Show Compute Set Window  Help

'} =] c=
o|@(a| 8| el El@m S| = B ]
First fit - rapid ahsorption and slow elimination
dose ZEQOO0. 00000 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
ki{0,2) 0.02141 4. E&725e-002 E.&0932=+000 o.avogs 0.0%19k
Ei1E,1) £.48364 1_70048e-001 6&.93033e+000 Z.08157 E.84E77
wol Fd3zE. 21630 8_156l0e+00z 2z, 37633e+000 JE441.41396 FGE03.01E64
————————————————————————————————— e inre dar i abile s s s s e e S e s S e
ATTC 114 _E177E 4.E5489E5e+000 32.9705Ze+000 104 _ 03244 1z5_ 00293
ATTMC 1406. 60030 1_.3FZE6%e+002 9. 4ZF472e+000 1100.89&29 171z . 30431
Abhs t_half 0.28EE0 1.55720e-00z &.93033=+000 0.z373k5 0.3z764
Cl 794 32746  1_1095Fet+002 3.37063=+000 EL3B.471ER 3050, 18368
Cmax 2.29491 1._.37041e-001 1.&E5zZl0=+000 7.87820 2.61093
Elim £ _half 2.51380 4 _775F4e-001 E.80999=+000 7.41F40 F.618Z20
MAT 0.40756 2. 824Lle-00z &.93033=+000 0.34F47 0.47E89
HMET 1 _Z8EBE &.892085e-001 E&.60%399%=+000 10563383 13_87180
Tmax 1. 43869 &_403E83=-00Z 4.460EZ6=+000 1.2g880z 1.E833E
V== 3437F. 21630 &_1B51l0e+00Z Z.37633=+000 3F441_ 41996 FEZ03.01Z64
Objective Scaled Data Wariance
=l @ ep -E_zE7Egée=+000 E.4E51867e-00E
Total objectiwve -2 z2&7eeeat000
ALIC 1.687420e-001
EIC Z.410866e-001
Second fit - slow absorption and fast elimination
dose ZE0000. 00000 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
ki0,E) £2.48233 1.62913e-001 &.9:2864de+000 Z.06051 E.8d441%5
kiZ2,1) 0.0314z 4.566453e-003 5.6087zZet000 o.avags 0.031395
wal 1139 14473 1_0E2ZEet+002 9. Z371%e=+000 295 49584 1381. 79288
————————————————————————————————— Derived Wariables ------------"—-———-—————————————
ATTC 114 L4944 4. 542362e+000 3.97094e+000 104 _ 08015 12503873
ATTMC 46_7105E 3.03EEfe+000 &.43734e+000 33_711z% E3_70974
ihs t half 2.51360 4 _77E504=-001 E.&0873=+000 7.41F47 9.6147E
Cl Z793_ E8E36E  1.10930e+002 3370944000 FE3T.748E3 3049 35907
Cmax B.259701 1.36846e-001 1.645934=+000 7.98144 B.61E587
Elim t_half 0.28E65 1.3E5837e-00Z &.928&4e+000 0.23749 0.3z781
MAT 12 Z82E5E &.888932e-001 E£.&608732e+000 l0.&59393 1387111
MET 0.40778 2_82533e-00Z &.9Z864=+000 0.34Z67 0.47z93
Tmax l.43625 6_.40333e-00z 4. 45879=+000 1.z8857 1.5839z
V== 1139 14473 1_0EEZGet+002 2_E371%=+000 BA6_49564 1381.79z8E
Objective Scaled Data Wariance
=l - ep -E_zETLEEe+000 L.45Z490e-00E

h. Close the Notes window.

o

SAAM I

Flip-flop kinetics. When you use this model to analyze your data, you must be
aware that there are two solutions that give the same “Fit” to the data. Which
solution you achieve will depend upon your choice of initial parameter
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estimates. The difference in the two solutions is rapid absorption and slow
elimination versus slow absorption and rapid elimination.

One can often choose the “correct” model based on the volume parameter.
One may know, a priori, that the volume of distribution for a particular drug
should be some known percentage of body weight, for example. There are
cases when the choice for the volume may not be so obvious. This could
happen in studies at the organ or cellular level.

In this case study, the volume of 34.3 L or 0.49 L/kg obtained for
compartment 2 when absorption rate is more rapid than elimination agrees
with the expected distribution volume of 0.5 L/kg expected for theophylline
(see tables in the Goodman and Gilman text). On the other hand, the second
volume of 11.39 L or 0.16 L/kg for compartment 2 resulting from slow
absorption and rapid elimination is unrealistic, so the correct choice would be
the model with rapid absorption and slow elimination.

=

If you wish, you may save the study file for future use. You can use this study file as a
template for other sets of data you wish to analyze using the one-compartment model
with absorption.

Quit the SAAM 11 Compartmental application.

Essential Points to Remember

e This very simple one-compartment model with absorption used to explain the
kinetics of a drug administered orally has two solutions.

e If your model has more than one solution, when you fit your model to your
data, the solution that you obtain depends upon how you choose your initial
parameter estimates.

e If you use this model, then you must choose the “correct” solution based upon
additional information about the system you are studying.

e In this case study we have assumed that the oral dose is completely absorbed
(F = 1.0 where F is the parameter for fraction absorbed). If this is not the case,
we can only estimate relative clearance and distribution volume as CL/F and
V/F. The fact that expected value for the volume of compartment 2 was
obtained with the rapid absorption model not only supports this model choice
but indicates that the oral absorption of this theophylline formulation is
essentially complete.

Modeling Notes
What happens in this situation? There are ways to choose one set of parameter values

over another, but this relies on additional information about the drug and subjects being
studied.
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You can see why there are two solutions to this model by performing an a priori
identifiability analysis on the model. You can do this by solving the system of differential
equations that the model represents.

Remember that the data in this case study can be “Fitted” to the two-exponential model,

y(1) = A(exp(—a*t) —exp(-b*1))

If d is the amount of the bolus injection, then the solution for g, (t) for the differential
equation represented by Compartment g2 is

_ dose-k(21) B o B .
%) = 102) k) EPCKED D —exp(=k(02) 1)

Using the measurement equation s1=g2/vol, one has

1- Q. (1) _ dose - k(2,1)

vol  vol - (k(0,2) —k(2,1)) (exp(-k(2,1) - t) —exp(-k(0,2) - 1)

S

The relationship between s1 and y(t) will show why there are two solutions for this
model. Since they both describe the same set of data, s1 = y(t)! This means the
coefficients for the sum of exponentials must be the same, and the exponentials and rate
constants K(i,j) are the same.

More specifically, if the exponential has been “Fitted” to the data, then

dose - k(2,1) _
vol - (k(0,2) —k(21))

from which vol can be found.
It is easy to see that k(2,1) and k(0,2) play interchangeable roles as you observed in the

“Fitting” exercise above. That is, since the data in this case study can be “Fitted” to the
two-exponential model,

y(t) = A(exp(-a*t) —exp(-b*1))

you can interchange “a” and “b”, and write
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dose -k(2,1)

vol - (k(2,1) —k(0,2)) (exp(—k(0,2) -t) —exp(-k(2,1) - t) = A- (exp—a-t) —exp(-b-t))

from which you have

d-k21)
vol - (k(2,1) - k(0,2))

The two cases you observed during the two “Fitting” processes can now be explained. In
case 1, k(2,1) = aand k(0,2) = b, and you can solve for vol. In case 2, k(2,1) = b and
k(0,2) = a, and you can solve for vol.
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Oral Theophylline Kinetics

Data for this case study

DATA

#Dose: 320 mg/kg Wt. 70.5kg

#Units: mcg/ml

(SD 1.0)

t cp

0 0

027 44

058 6.9

1.02 82

202 7.8

362 75

508 6.2

7.07 53

9 4.9

12.15 3.7

24.17 1.05

END

#

# Equations for the noncompartmental parameters
#Tmax = log((k(2,1)/k(0,2)))/(k(2,1)-k(0,2))
#Cmax=(dose/vol)*exp(-k(0,2)*Tmax)
#Elim_t_half=log(2)/k(0,2)
#Abs_t_half=log(2)/k(2,1)
#AUC=dose/(vol*k(0,2))
#AUMC=dose/(vol*k(0,2)*k(0,2))
#MRT=AUMC/AUC
#MAT=1/k(2,1)

#Cl=vol*k(0,2)

#Vss=CI*MRT
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Appendix: Obtaining Initial Parameter Estimates for a
Two-Compartment Model with Input into One Compartment and
Samples from the Second Compartment
(the One-Compartment Model with Absorption)

The situation described in this appendix is one in which data, normally plasma, are rising
and falling following a bolus injection of drug, normally into a compartment other than
plasma. The typical situation is oral administration of a drug as a tablet with plasma
samples; it is the so-called one compartment model with absorption.

This appendix assumes you are familiar with the notion of half-life, and how it is used to
estimate the rate constant of the one-compartment model following a bolus injection or
constant infusion. This is explained in the Appendix to the case study on cadralazine
Kinetics.

The two-compartment model is the following:

The rate constants to be estimated are k(2,1) and k(0,2) together with the volume term,
vol, if the sample equation is s1=gl/vol. The exponential model for this situation is

y(t) = A1 e 4 Az e A1 + Az =0 (1)

In this appendix, you will learn how to obtain the initial estimates for both the
compartmental and exponential model.

If you plot the data in theo_oral.dat in semi-log form, connect the data using the Line-

Plot option in the View menu, and set the Plot/Table Scale Y axis from 1.0 to 15, you
will obtain
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B2 Plot HEE

100 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

0 5 10 15 20 25
{ (hoursh

These data are classical rising and falling data. The falling portion of the curve appears to
be decaying monoexponentially.

How can you use the notion of half-life to obtain initial parameter estimates? It is clear
for the decaying portion of the data, that you can simply draw a straight line through the
data and estimate the half-life as you did for the one-compartment model following the
bolus injection. To obtain the second parameter estimate, you can simply draw a tangent
line to the rising portion of the curve as you did for the one compartment model
following a constant infusion. This is illustrated in the following figure:
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s Plot [0 x]
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For the terminal slope, the time it takes to go from “6” to “3” is about 8.5 hours for a
half-life of In(2)/8.5, or .08. For the initial rise, the time to go from “3” to “6” is about 0.4
hours for a half-life of In(2)/0.4, or 1.75. Estimates for k(2,1) and k(0,2) are thus 1.75 and
0.08. Obviously this supports rapid absorption and slow elimination.

There are no set rules for obtaining an estimate for the volume vol, but the following rule
of thumb often works (it may require some hand adjusting). Remember that the dose is
320 mg and the units of the data are ug/ml. An estimate for vol can be obtained by
dividing the dose, in this case 320 mg or 320,000ug, by the point where the decaying
slope intersects the y-axis, in this case 0.9ug/ml. An estimate for vol is thus 300,000/0.9
which is about 300,000 ml. This is obviously too high and will require some hand-fitting.

The other way to estimate vol is to take advantage of knowing the subject’s body weight.
Extracellular fluid space is approximately 16% of body weight, and total body water is
about 65% of body weight. The subject here weights 70.5 kg, so expected extracellular
fluid space and total body water are respectively 11,300 ml and 45,825 ml, or 11.3 L and
45.8 L. For theophylline we can expect that vol will lie somewhere between the expected
volumes for extracellular fluid space and total body water (for further explanation see
reference 3 above).
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In summary, the steps in obtaining the initial estimates for the one-compartment model
with absorption are:

« Plot the data on semi-log paper.

. Draw a straight line through the decaying data; extend the line to intersect with the y-
axis.

« Calculate the half-life t;, as described above; this provides an estimate for k(0,2).

« Note where the line intersects the y-axis. Dividing the dose by this number provides
an estimate for V1 (remember to keep the units consistent.)

« Draw a straight line through the rising data.

« Calculate the half-life t;, as described above; this provides an estimate for k(2,1).

If you are fitting (1) to the data (written again for convenience below as (2))
y(t) = A1 e 4 Az e A1 + Az =0 (2)

estimates for A, and o, are obtained by analyzing the decaying data. The estimate for o
is 0.08 and A; is the intercept with the y-axis, 0.9. The estimate for ; comes from the
rising portion of the data and hence is 0.35. Since A; + A; = 0, an estimate for A, is - A;,
or -0.9. Because of the constraint equation A; + A, = 0, one needs to estimate only A; or
As.

An important point to note is the following: Suppose there is a delay in the appearance of
drug in plasma. The model changes to

sl
*

g/ k(%z)

exl

How is this handled? Exactly the same as above with the exception of the delay. You
extend the initial rising portion to intersect with the x-axis; where it intersects will give
you an initial estimate of the delay, call it tlag. To obtain estimates of the rate constant
and volumes, or a; and «a, proceed directly as described above. Equation (1), however,
has to change to accommodate the delay:

(1) = 0 O<t<tlag 3)
o= A el LA Lemet) A LA =0 tlag <t
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