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Introduction

SAAM II is a very powerful software tool for model development and testing using
multicompartmental models. Mathematically, these models translate into systems of ordinary
linear or non-linear differential equations. A flexible, graphical user interface (GUI) makes the
power of SAAM II easily available to researchers with diverse backgrounds.

The purpose of the “SAAM II”” Tutorials is to amplify the information provided in the Help
Menu and answer questions on how to use SAAM II. The philosophy behind the tutorials is to
illustrate how different components of the SAAM II work using hands-on examples.

SAAM II Basic Tutorials illustrate SAAM II’s most commonly used features, features that
almost everyone will use at some time during the modeling exercises.

SAAM II Advanced Tutorials illustrate SAAM II’s more sophisticated features that are
needed to model more complex experimental protocols than is usually the case. These tutorials
and a brief description of each are:

¢ Creating Conditionals deals with the need to model conditional statements such as “if-
then-else”. If a state variable such as a qi(t) is included in part of the conditional
statement, then mathematically the problem can be unstable. More specifically, in some
software packages that permit conditionals, incorrect answers can be returned because of
this. In SAAM II, conditional statements are implemented using the “Heaviside
Function”. This function is continuous and differentiable, and can be tuned to appear
almost as a step function.

e Using Change Conditions permit the modeling of an experimental perturbation such as
changing dosing during an experiment, or collecting 24 hour urine samples.
Mathematically, change conditions stops integration, interrogates what changes are
needed, makes those changes, and resumes integration.

e Using Delays explains why the Delay Tool in SAAM Il is created by a string of
compartments. This tutorial explains how to use this tool. It also explains how to create
an “absolute” delay using the Heaviside function.

e Using Experimental Inputs (Advanced) explains some of the advanced techniques that
can be used to specify less common or more advanced types of input dosage and to
conduct parametric deconvolution. These techniques have been designed for maximum
flexibility.



e Multiple Input-Multiple Output Experiments explains how to deal with experimental
protocols with one input-multiple outputs or multiple inputs-multiple outputs. This
experimental protocol can be modeled in SAAM II in two ways; both permit the
software to do the internal book keeping.

e Using Forcing Functions explains how to use the Forcing Function tool. Forcing
functions are an engineering concept that allows the modeler to describe the effect of a
driving section, or compartment, of a model without having to mathematically describe
the compartment. The forcing function essentially enables all differential equations in
your model to “see” the particular function. Forcing functions can be used as a
convenient modeling tool in dealing with precursor-product models; they are also used
as a model development tool.

e Using Parameters (Advanced) explains some of the more sophisticated ways of
describing parameters, setting upper and lower limits, and using SAAM II’s Bayesian
capability to use prior information.

e Saving and Restoring Solutions is a feature of SAAM II that lets you save different
model configurations and solutions so that you can compare solutions among different
parameter or model configurations. This feature is used in model development and
testing when you want to be able to compare different situations as you proceed.

e Simulating Data explains how to use your model to simulate experimental data for
single-subject analysis. It illustrates how to simulate a single input-single output
experiment and a single input-two output experiment.

The goal of these Advanced Tutorials is to help you explore and utilize the full functionality of
SAAM 1L
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Creating Conditional Expressions

Prerequisites

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

What you will learn in this tutorial

The purpose of this tutorial is to show you how to create conditional statements in your SAAM
II Compartmental model. You will learn

e How to create “if-then-else” ((Part 1)
e How to create zero-order inputs (Part 2)
¢ How to create an input pump (Part 3)

Files Required
Study Files: The study files for this tutorial are

if then_else.stu
zero_order.stu
pump_1.stu
pump_2.stu

Data Files: The data files for this tutorial are

if_then_else.dat
zero_order.dat
pump_1.dat

Introduction

There may be times in your modeling work when you need to create what is called a
conditional. This means you are interrogating some variable in your model, and changing
another variable or parameter in the model depending upon the “question” being asked.

Conditional statements

Conditional statements provide a mechanism for switching an execution path or the value
assigned to one of more variables or parameters. Thus the conditional statement is a means by
which to specify a switching mechanism. The most common example is the “if-then-else”
statement. An example of the “if-then-else” statement is:
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k(2,1) = if (variable > 0) then 1 else 2

In this situation if the variable you are interrogating is greater than zero, then the parameter
k(2,1) = 1; otherwise it equals 2.

SAAM Il regards conditionals as explicit or implicit. An explicit conditional statement is one
where the time at which the switching occurs is known (can be predicted in advance). An
implicit conditional statement is one where this time at which the switch occurs is not known
until the condition itself is evaluated. Examples are:

Explicit: k(2,1)=1f (t ge 10) then 1 else 2
Implicit: k(2,1)=1if (q1 <q2) then 1 else 2

In these examples, “ge” is “greater than or equal to”, and q1 and q2 are the contents of
Compartments 1 and 2 at time “t”.

In the explicit example, the time at which the switch occurs is known to equal 10. In the implicit
case, there is no way to predict in advance when q1 will be less than q2; values for q1 and q2
must be obtained at every integration step, and the test for “ql < q2.” performed.

Continuity and differentiability

It is essential to understand the difference between continuity and differentiability because both
are involved in how SAAM II “Solves” and “Fits”. During either a “Solve” or a “Fit”, SAAM II
must perform numerical integration of the differential equations of your model. In order for the
integrator to perform correctly, the functions (the qi) must be both continuous and differentiable.

What do we mean by continuous and differentiable? Consider the following plot of q1 from
study_0:
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This curve is “smooth”. That is, pick any point on the curve. Then start from a point on the
curve to the left of this point. Move to the point along the curve. Then start from a point on the
curve to the right of this point. Move to the point along the curve. You will reach the same final
point no matter which side you start from and where. You can try this using the point at time
equal to 5 days.

Now consider the following curve:
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If you pick time equal to 5 days, and move to five days from the left (e.g. starting from 4) you
will arrive at a different point than if you move to five days from the right (e.g. starting at 6).
We say ql is not continuous (or discontinuous, or has a discontinuity) when t=15. You can see
this even more clearly by looking at the table of values around t = 5:
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Moving in from a point less than time equal to 5 days you will end up at about 4.41e+07;
moving from a point to the right hand side of time equal to 5 days you will end up at 1.48E+08,
two very different values. This also is why there are two values reported by SAAM II at time
equal to 5 days since this simulation was set up using Change Conditions.

What about differentiable? Differentiable is similar to continuity but deals with tangent lines. In
the solution of q1 in study 0, pick an arbitrary point on the curve. Then move away from that
point, and draw a tangent line to the curve. Then move the tangent line to the point you picked.
You can see that no matter whether you start from the left or right side of your chosen point,

you will end up with the same tangent line.

Now consider the following curve:
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There is a break at day 5. The function is continuous, but, as shown in the figure below, you will
end up with two different tangent lines at t =5 depending on whether you start to the right or

left of t =5:
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In this case, when the tangent lines do not coincide, we say the function is non-differentiable at

that point. In this case, q1 is not differentiable when t = 5.
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Explicit and implicit conditionals.

An explicit conditional is allowed because the time at which it occurs is known. Integration can
stop at the prescribed time, be reset, and continue. An implicit conditional can create either a
discontinuity or non-differentiable function, or both. For this reason, implicit conditionals are
not allowed in the SAAMI II Compartmental application.

Explicit conditionals are allowed in the SAAM II Compartmental application. They are
implemented using the Change Condition tool in the SAAM II Compartmental Toolbox.
When using Change Conditions, it is assumed that the time at which the change takes place is
known exactly. For more information on the Change Condition tool, see the Using SAAM 11
tutorial “Working with Change Conditions.”

There is no equivalent to Change Condition in the SAAM II Numerical application. However,
the explicit form of the “if-then-else” statement is allowed. An example is the following:

y(t) = if (t < 300) then yrise(t) else ywash(t)

This is an example of fitting a sum of exponentials to a constant infusion study where a washout
phase was included starting at t = 300. Two functions, yrise(t) and ywash(t), are required. One
describes the rise during the infusion and the other the washout. It is known that the infusion
stops at “300.” The function that is fitted to the data, y(t), then equals yrise(t) for t less than 300,
and equals ywash(t) when t is greater than or equal to 300.

Implicit conditionals and the Heaviside function

How can one deal with implicit conditionals in SAAM II? The “work-around” is to use the
Heaviside function. The conditional statement specified by the Heaviside function approximates
the desired switch by assuming a value of zero or 1 at a given point. While virtually
instantaneous, the function is continuous and differentiable! Thus switches can be created using
this function, and one does not need to worry during the “Solve” or “Fit” about the continuity
and differentiability assumptions.

The Heaviside function is
heaviside=0.5*(1.0+atan(lambda*(x - xlag))*2/3.141592653)

In this expression, “atan” is the arctangent function. The expression “x — xlag” creates the
switch. “x” can be any function of “t”, and xlag is the value at which the Heaviside function
changes between 0 and 1. Normally “x” will be “t”, time. but the expression is general, and
there may be time when “x” may equal one of the “qi(t)” in your model. For values of “x” less
than “xlag”, the value of the Heaviside function equals “zero.” For values of “x” greater than
“xlag”, the value is “one.” Thus the values of the Heaviside function are, for all practical
purposes, either zero or 1. That is, the change from 0 to 1 is extremely rapid yet the function
remains continuous and differentiable. The parameter, lambda, controls the sharpness of the
function, i.e. how fast the values change between zero and 1. This can be seen in the following
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figure where the Heaviside function is calculated for lambda equal to 100, 1.000, 10.000 and
100,000 respectively where the Heaviside function is written

heaviside=0.5*(1.0+atan(lambda*(t - tlag))*2/3.141592653)
where “t” is the independent variable “time” and tlag is set equal to 30. (In this example, then,

“x” is specifically defined as “t”, time.) Thus when t = 30, the Heaviside function changes from
zero to 1.
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In the linear plot shown above, you can see how abrupt the change is; it almost looks
discontinuous and nondifferentiable. To see what is really happening, and the role that lambda
plays, one must look at the plot in semilog mode:
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In this figure, you can see the function is continuous and differentiable despite the “sharp”
change from zero to “1.” As lambda increases, the value of the Heaviside function between zero
and 30 becomes smaller, i.e. closer to zero, and the “sharpness” of the change from zero to 1 is
increased. “Zero”, as you can see, is not true zero, but is arbitrarily small relative to the other
values you are calculating so, for all practical purposes, it can be regarded as zero.

When you use the Heaviside function to create a conditional, you must set a value for lambda.
Typical values for lambda are usually between 1,000 and 1.0e+08 depending upon the situation.
But you need to “tune” lambda for your particular situation. What happens is the following.
When you Fit your model to your data, the results may depend on the value of lambda. What
you want to do, and this will be illustrated below, is change (usually increase) the value for
lambda so that the final values for the adjustable parameters and their error estimates do not
change. This will be a function of the sharpness of the Heaviside function mentioned above. It
also depends upon the magnitude of “x — xlag”.

Example

Suppose you have a loss, k(0,1) from your model which you believe, up to a certain unknown
time, exhibits Michaelis-Menten behavior and thereafter is an unknown constant. If “tlag” is the
unknown time at which the change occurs, you can write the Heaviside function as

heaviside=0.5*(1.0+atan(lambda*(t - tlag))*2/3.141592653)
in the Equations window of the SAAM II Compartmental application. tlag will be a

parameter which will appear in the Parameters dialog box; it can be either fixed or adjustable.
You can then write in the Equations window:
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Loss1 = Vm/(Kd+ql)
The expression you would write for k(0,1) is
k(0,1) = (1-heaviside)*Loss1 + heaviside*Loss2

Up to time tlag, “t — tlag” is negative hence “1-heaviside” equals 1, and k(0,1) will equal Loss1,
the Michaelis-Menten loss. For values of t greater than tlag, the Heaviside function will equal 1,
and k(0,1) will be equal to Loss2. Loss2 will be recognized by SAAM I as a parameter which
will appear in the Parameters dialog box; it can be either fixed or adjustable.

This is a specific example of the more general case when
heaviside=0.5*(1.0+atan(lambda*(x - xlag))*2/3.141592653)
i.e. you do not need “t — tlag”. One can then write
y = heaviside*expressionl + (1 — heaviside)*expression2
For values of “x — xlag” that are positive, y will equal expression 1; when “x — xlag is negative,

y will equal expression2. expressionl and expression 2 can be a single value, parameter, a
function such as “ql/vol”, or the Michaelis-Menten expression used above.

Computational considerations

As you might expect, the Heaviside function, because of its sharpness, has the potential to create
some problems when you Solve or Fit your model to your data. In general if there is only one
conditional statement, the default Computational Settings will be sufficient although it is
recommended you set the Minimum Number of Calculation Intervals equal to their
maximum (500). You will see this is the case in the first two parts of this tutorial.

There may be other times when the switch specified by the conditional statement is active
several times during the simulation of your experiment. An example is provided in Part 3 where
an input pump is simulated to maintain plasma concentration at a certain level. In this case, the
Heaviside function changes rapidly.

In this situation, the following Computational Settings are recommended:
e Set the Minimum Number of Calculation Intervals equal to 500.

e Change the Integrator to the “Runge-Kutta”.
e Set Derivative calculation to “Central”.

The Computational Settings dialog box will appear as follows:
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Even with these setting, there are other adjustments you may need to make; most are suggested
by SAAM II. As an example, you may need to change the value of the Relative Error. If you
get such a warning message, first try decreasing this from 0.001 to 0.01.

The most important point is that when the switch specified by the conditional statement is
rapidly turning on and off, you must be very careful that the software is operating correctly.
This is why you should “tune” lambda until the solutions do not change.

Conclusion
Finally, besides being used to specify implicit conditionals, the Heaviside function is used to

create “absolute” delays. You can learn about “absolute” delays in the Using SAAM II tutorial
“Working with Delays.”
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Part 1. Creating a model with the conditional “if-then-else.”

The example given below is a modification of the experiment in study_0. In the experiment
described below, it is hypothesized that, for plasma concentration above a certain value, the loss
from Compartment 1 exhibits Michaelis-Menten nonlinear behavior, and for concentration
below this value, the loss is a constant rate. Information about the Michaelis-Menten constants,
Vmax and Km, is available from the literature, so these parameters are entered using the SAAM
IT Bayesian option (for more information on this option, see the Using SAAM II tutorial
“Working with Parameters.”)

You will use the study file if_then_else. This file has been created with the conditional
expressed and the parameter values entered. The data file is included separately in case you
would like to reconstruct the study file yourself. Each particular entry will be explained in
detail.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file , if_then_else.

a. The file , if_then_else should appear in the file list; if it does not, find the folder
where you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
Conditionals — 11 SAAM II Version 2.1
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3. View the model and the experiment on the model, and change the model. In the SAAM
IT Toolbox, click Experiment. The experiment on the model will appear as follows:

=1

k(2,1)
k(1,2)

E(0,1)
exl

The model of the experiment appears the same as the model of the experiment in
study O structurally. The way in which the input and equations are specified in order to
deal with the “if-then-else” makes the model different .

4. View the different components of the experiment on the model.

a. View the Sample Attributes dialog box associated with s1.

(1) Double-click s1. The Sample Attributes dialog box will open as follows:

WWW.saam.com © 2011 University of Washington and The Epsilon Group
Conditionals — 12 SAAM II Version 2.1
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Sample Attributes X|

Mame: s1
Units: I |

Assodate with Data Name: I plasma

Equations:

s1 =qglfval ;I
[~
Done I Cancel Help |

The information in the Sample Attributes dialog box is standard in that the
sample is associated with the Data Name “plasma”, and the sample equation
“s1=ql/vol” will introduce the new parameter vol. You can open the Data
window if you wish to view the “plasma” data.

(2) Click Done.
b. View the Exogenous Input dialog box associated with ex1.

(1) Double-click ex1. The Exogenous Input dialog box will open as follows:

Exogenous Input x|

Marme: I exl Reference I Units: I

Type Initial Constant Start Stop Repeat Every Mr. Repeats

Baolus 400,000 0.000

Input Type: ————— Tnitial Amount: |4nn.nn|:u:|nn|:u:| —Save é}

& Bolus Comstant Rate: ||:|,.:| —
" Infusi .
e Event Start: ||;|,|:| <}:|EIZ|IU:Jj
" Primed Infusion S — |
{~ Equation Ewent: Stop: ICI.CI — add a

Repeat Every: I
Mr. of Repeats: I Delete &

Equation: | exl =

Split Imput, ., | | Done I Cancel | Help |

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
Conditionals — 13 SAAM II Version 2.1
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The information in the Exogenous Input dialog box is standard in that the input
is a single bolus of 400 units.

(2) Click Done.

5. Creating the conditional.

As stated above, it is hypothesized that for plasma concentrations above a certain, known

level,

the loss k(0,1) exhibits Michaelis-Menten kinetics while below that level, the loss

rate is a constant. The plasma concentration ranges from approximately 0.2mg/ml to
0.04mg/ml. The concentration at which the loss changes from Michaelis-Menten to a
constant is known to be 0.1mg/ml, but the exact time at which this occurs is unknown.

The following describes how to specify k(0,1) equal to a Michaelis-Menten expression
for values of s1 greater than 0.1 and equal to a constant for values of s1 less than 0.1.

a. View the equations setting up the Michaelis-Menten loss and the conditional
expression to create the switch.

(1) In the Show menu, click Equations, or alternatively, on the SAAM II Toolbar,

www.saam.com

click Equations E The Equations dialog box will open as shown below:

_ioix

Equations Defined Elsewhere (read-only):

flux({l,2) = ki{1,2) * g2 -
flux({Z,1) = ki(Z,11 * gl
flux({0,1) = k{0,1) * gl

ki{0,1)=heaviside*MM+(l-heaviside) *loss
exl _bolus = 0.0
exl_infusion = 0.0

31l = gl/wvol -
ki _"I_I

Equations Defined Here:

b=Vm/ (Kd+ql) =]
heaviside=0_5*%(1l_0+atan (lambda* (31l — 3et))*Z,/3.141532653)

B o

There are two equations in the Equations Defined Here pane.

The equation “MM” defines the Michaelis-Menten term which will be used to
defined k(0,1). This will introduce two new parameters in the model, Vm and Kd.

© 2011 University of Washington and The Epsilon Group
Conditionals — 14 SAAM II Version 2.1
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The second equation is the Heaviside equation. In this equation, the
concentration sl is being compared to the parameter set. s1 is the model
calculated value for the concentration, and set will be entered as a fixed
parameter, in this case equal to 0.1. When s1 is greater than or equal to set, the
value of heaviside will equal 1, otherwise it will equal zero.

(2) Close the Equations dialog box.
b. View the definition of k(0,1).

(1) Double-click k(0,1). The Loss Attributes dialog box will appear as follows:

Loss Attributes x|

Transfer Coeffident: k(0,1)
Reference Name: transfer(D, 1)
Flow Rate: flux(0,1) = k{0,1) *q1
Flow Rate Units: | mass,time

Equations :

k{0, 1) =heaviside *MM +{1-heaviside) *loss ;I

[~
Cancel | Help |

The equation specitying k(0,1) now is the key to understand how the conditional
expression is working. The expression is:

k(0,1)=heaviside*MM+(1-heaviside)*loss

When the Heaviside function equals 1, i.e. when s1 is greater than or equal to set,
k(0,1) will equal “MM?”. Otherwise it will equal “loss”; “loss” will be recognized
by SAAM II as a parameter appearing in the Parameters window. Thus this
expression is equivalent to

k(0,1) =if (s1 ge set) then MM else loss.

8 [f-then-else and the Heaviside function. The Heaviside function can be used to create
if-then-else statement by recognizing that the “then” part of the statement occurs
when the value of the Heaviside function is 1, and the “else” part of the statement
occurs when the value of the Heaviside function is zero.

a1
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(2) Click Done.

At this point, the model is fully specified. It remains to examine the Parameters window. Then
you can proceed to Solve and Fit the model to the data.

6. View the Parameters window.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters H The Parameters dialog box will open as shown below:

il

Mame | Type | Currentl Low Limitl High Limitl Pop, Mean | sD |
kd Bay 00,0000 200,0000 &00, 0000 400.0000 40,0000
Vm Bay &0, 0000 25,0000 100, 0000 60,0000 10,0000
k(1,2) Adj 0.1000 0.0100 1.0000

k(2,1) Adj 0.1000 0.0100 1.0000

lambda Fix 1.000e+008

loss Adj 0.1000 0.0050 0.5000

set Fix 0, 1000

vol Adj 2000, 0000 200,0000 20000, 0000

M -
ame:  Kd Value: | 400.00000000 Mean: | 400.00000000 <]:|Edit|:Jj
Type: © Fixed imi
¥pe e Low Limit: | 200.00000000 SO: | 40.00000000 £
" Adjustable - SiEaue
_ High Limit: | 500.00000000
¥ Bayesian

Adjust value:

“
|

Done I Cancel Help

[~ Auto solve

The first two parameters, Kd and Vm, are the Michaelis-Menten parameters. Since
prior information is available about these parameters, they are entered as Bayesian
(for more information on SAAM II Bayesian parameters, see the Using SAAM 11
tutorial “Working with Parameters.” The next two parameters, k(2,/) and k(1,2), are
the exchange rate constants. The parameter lambda is fixed; it is part of the
Heaviside function. The “tuning” of lambda will be explained below. The initial
value of 1.0e+06 is usually a reliable starting point; it can be changed during the
tuning process. The parameter loss is the constant rate of loss once s1 falls below set,
the concentration at which k(0,1) changes from Michaelis-Menten to a constant. vol
is just the volume of Compartment 1.
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b. Click Done.

7. Solve the model and save the solution.

a. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click

Solve ==,

b. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot
@. The Plot and Table Variables dialog box will open. Be sure the List All

Variables check box is not selected.

c. Click s1:plasma to move this to the Current Selection pane.

d. Click Done. If the plot is not in semilog, in the View menu, click Semilog. The plot

will appear as follows:

e
l:I-EI:I 1 1 1 1 1 T 1 1 1 T 1 1 1 1 I T 1 1
31 B
_"'- a plozmao -
015 —
010~ . —
008+ —
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 I 1 1
0 2 4 A 10 17
1 (haursh

e. Close the Plot window.

f. In the Compute menu, click Solutions. The Solutions dialog box will open.

g. Click Add. The Solution Variables dialog box will open. Scroll through the
variables and click s1. The two dialog boxes will appear as follows:

WWW.saam.com
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=101

Solutions: Solution Variables:

Select Variables whose values are to be
saved with the Solution

kd -
MM

m
ex1.bolus
ex1.infusion
flux(0, 1)
flux(1,2)
flux(2,1)
heaviside
k{0,1)
k(1,2)
k(2,1)
lambda

loss

. I Ellasma LI

Restore Selected | Done I Help |

—Current Solution

h. In the Solution Variables dialog box, click Done.

i. Close the Solutions dialog box.

8. Tuning lambda. The parameter lambda is “tuned” by changing its value until there are
no longer any significant changes in the adjustable parameters and their error
estimates. To tune lambda, 1.e. as you change the value, you must start from the
same set of initial parameter estimates. This solution has been saved as that starting
point. For more information on saving and restoring solutions, see the Using SAAM
II tutorial “Saving and Restoring Solutions.”

o lc

8. Fit the model to the data, view and record the solution.

a. Inthe Compute menu, click Fit, or alternatively, on the SAAM II Toolbar, click
Fit “LI The plot of s1:plasma will appear as shown below:
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=101
G_EI:I T T T T T T T T T T T T T T T I T T T
- .3'1 -
K a plozma -
a15— .
Q10 . —
Q.05 - . —
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
0 2 4 10 12
1 (houorsh

b. In the Show menu, click Statistics, or alternatively on the SAAM II Toolbar click
Statistics _2'_3,,_] The Statistics window will appear as follows:

bl Statistics -0l x|
Parameter,/Variable Value Std.Dev. Coef. of Var. 895% Confidence Interwval
Ed 388 _981255 4_43250e+001 1.11158e+001 307_.501z24 485 _TZ386 -
Vm 59.56265 1.106&7e+001 1.85800e+001 3&.814&9 BZ2.31061
ki(l,2) 0_.06923 5_51353%=-002 T7-%6370e+001 —0.04410 0_18257
ki{Z,1) 0.0854% 1.8142%=-00Z 1.8883%=+001 0.05230 0.11887
lambda 1000000_00000 wd Fiwed w* ** Fixpad %% *w% Fixped ** w Fixed **
loss 0.08877 2.48675e-002 3.92793=+001 0.01710 0.18044
Iet 0_.10000 wd Fiwed w* ** Fixpad %% *w% Fixped ** w Fixed ** _I
-
~ Correlation Matrix ™ Covariance Matrix ¥ Ohjective
Cbjectiwve Scaled Data Variance 1=
31 : plasma -1.021701e+001 9.2B8812e-002
Bayesian 3.745639e-001
Total ocbkjective —-5.842444=4+000
RIC —-3.783534e+000 e
BIC —3.82321%e+000 -
Kl 2

c. Record the results as shown below:
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lambda 1.00E+06 1.00E+07
Kd 399(11)
Vm 59.6(19)
k(1,2) .069(80)
k(2,1) .085(19)
loss .089(39)
vol 2060(1)

These are the values when lambda equals 1.00e+06. You can see Kd and Vm do not
change much from their initial values meaning there is not much information in these
data to help determine them. In addition, k(/,2) does not have very good precision.

d. Close all open windows and dialog boxes.

9. Restore the original solution, and refit the model to the data with lambda equal to

1.0e+07, and record the results.

a. Inthe Compute menu, click Solutions. The Solutions dialog box will open.

b. Click “1” in the Solutions pane. The Solutions dialog box will appear as follows:

—Current Solution

fdd.,.,

Blsotions NG =1o] x|
Mame Prefix: |
Solutions: Solution Variables:
s1{1}

Restore Selected

Notice Restore Selected is now available.

c. Click Restore Selected. The following message will appear:

www.saam.com
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SAAM II Compartmental X|

l"z Solution has been restored. SOLVE to obtain solution values,

d. Click OK, and close the Solutions dialog box.
e. Re-Solve the model. The original solution is now restored.

f. Change the value of lambda from 1.0e+06 to 1.0e+07. The Parameters dialog box
will appear as follows:

ey

MName | Type | Current | LowLimit |  HighLimit | Pop. Mean | sD |
kd Bay 398.6126  200.0000  600.0000  400.0000 40.0000
vm Bay 55.5626 25.0000 100.0000 &0.0000 10.0000
k(1,2) Adi 0.0692 0.0100 1.0000

k(2, 1) Adi 0.0855 0.0100 1.0000

lambda Fix 1.000e+207

loss Adi 0.0883 0.0050 0.5000

set Fix 0.1000

vol Adj  2060.3352  200.0000 20000.0000

o s Value: [ 1.0000000e+007 | (e [ 1.0000000=+007 <]:|Edit|:J;|
Type: % Fixed

Lot Linnit: I 10000, 20000000 =0 |9.999']']']'JE+':I':|3 IQ
" Adjustable —Save

{~ Bayesian High Limit: | 1. 0000000 +008

Adjust value:

—

Done I Cancel Help

[T Auto solve

Close the Parameters dialog box.

g. Re-Fit the model to the data, and record the results. The results should appear as
follows:
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lambda 1.00E+06 | 1.00E+07
Kd 399(11) 399(11)

Vm 59.6(19) 59.6(19)
k(1,2) .069(80) .069(80)
k(2,1) .085(19) .085(19)
loss .089(39) .089(39)
vol 2060(1) 2060(1)

You can see there is no difference between lambda equaling 1.0e+06 and 1.0e+07,
so you can regard lambda equal to 1.0e+06 as a well-tuned value.

You should also try different values for lambda such as 1.0e+05 and 1.0e+04 to see
which parameters change, if any.

h. Close all open windows and dialog boxes.

Quit the SAAM II Compartmental application. Do not save the changes to if_then_else.

In this example, it is useful to examine k(0,1). A plot of this parameter is shown below
following the last “Fit”:

1ol
1 T 1 1 1 1 I 1 1 1 I T 1 1
—_— k(0.1] .
0.06 - ]
0.04 - ]
007 - ]
C‘I_GI:I i 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 ]
a 2 4 § 10 17
1 (haursy

You can clearly see the value of k(0,7) rising during the initial decay phase of the data; the rise
continues until around 4 hours at which point s1 is less than sez. However just before the switch
defined by the conditional statement occurs, k(0,1) is actually greater than loss (the straight line
portion parallel to the t-axis.) If one believes this should not be the case, then the value for set
may be off a little.
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Part 2. Creating a zero-order input of unknown duration

A zero-order input into a compartment is actually equivalent to a constant infusion. However,
there are instances when specifying it in this manner is not appealing in terms of the physiology,
or drug absorption, being studied. It is a difference between

=1
[
ki{3,2)
ki{2,3)
%k{ﬂ;ﬂ
exl +
and
=1
[
ki2 1) ki{3,2)
ki{2,3)
f k{0, 2)
exl +

If one is dealing with absorption and believes that the absorptive process is zero-order, then
either of these two model configurations can explain the kinetics. In the case of the second
model, k(2,7) would be a zero-order rate constant. The first model will yield identical results,
but the lack of a schematic for absorption is not appealing.

This part will explain how to create a zero-order absorption of an unknown amount for an
unknown duration.

The experiment is one in which 100mg of the drug was given orally at the start of the
experiment followed by several other doses sufficient to have drug mass levels high enough in
Compartment q1 for zero-order absorption to realistically take place. The hypothesis is that
absorption is zero order of unknown amount for an unknown duration. The experiment lasts for
24 hours.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.
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2. Create the following system model:

k(2,1)

k{0,2)

3. Create the experiment on the model.

a. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes dialog
box will open. Set the experimental attributes as follows:

Experiment Attributes

Independent Variable: I t

LInits: I hours

Start at: ||:|,|:|

Help

b. Click Done. The Create Experiment dialog box will open. Click Create. The
model will appear as follows:

k{0,2)
v
4. Add the data to the model.

a. On the Show menu, click Data, or alternatively, on the SAAM II Toolbar, click

Data E The Data window will open.
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b. On the File menu, click Open. The file zero_order.dat should appear in the list (if it
does not, find the folder where you put this data file).

c. Double-click zero_order.dat. The data in this file will appear in the Data window.
The Data window should appear as follows:

=
DATA -
(FSD 0.1)
t plasma
1 0.089
2 0,189
3 0,224
4 0,283
5 0.313
=] 0,295
7 0.295
3 0,207
9 0.171
10 0,138
11 0,112
12 0.093
15 0.049
13 0.027
21 0.015
24 0,008 —
EMD
-
Kl r
Edited

d. Close the Data window.

5. Create a sample on Compartment 2, associated with “plasma” and edit the sample
equation to read “s1=q2/vol”. The Sample Attributes dialog box should appear together
with the model as follows:
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=1
&
E(2,1)
k(0,2)
Sample Attributes X
Mame: 51
Units: ||
Assodate with Data Name: I plasma
Equations:
sl =q2fval :I
[~
Done I Cancel Help |

Click Done. The sample s1 will become filled.
6. Create an input into Compartment q1.

a. Create the input into Compartment q1. The model should appear as follows:

s1

k(2,1)

% k(0,2)
¥

exl

b. Specify the input as a bolus equal to 100 using the equation format.
(1) Double-click ex1 to open the Exogenous Input dialog box.
(2) Select Equation as the input type.

(3) Set the Start and Stop time equal to zero.
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(4) Write the input equation “ex1 = input”. Click Add. The Exogenous Input dialog
box should appear as follows:

Exogenous Input El

MName: I exl Reference I Units: I

Type Initial Constant Start Stop RepeatEvery  Mr. Repeats

Equation 0,000 0,000

Input Type: — Imitial &t I DSEVEQ

" Bolus Comstant Rate: |

" Infusion Ewvent Start: I 0 4:' Edit :JJ

™ Primed Infusion

: Event Stop: | O
{+ Equation I I:I.ﬂl.ddlé}
Repeat Every: I -
Mr. of Repeats: I Delete I‘&,

Equation: | ex1 = input

Split Imput, ., | | Dane I Cancel | Help |

(4) Click Done.

.,.

¥t Exogenous input. Technically an exogenous input should not be needed in the case of
zero-order absorption, . In this case, specifying the exogenous input as an equation
“ex1 = input” will create input as a parameter; this allows for different studies to
have different input values without having to go to the Exogenous Input dialog box
first. The real reason why there needs to be an initial value at time zero is to prevent
division by zero; this will be explained below.

="':l.p'

7. Create the zero-order input.

To create the zero order input, the parameter k(2,1) must be changed to zero order. To
estimate the unknown time of the zero-order absorption, a Heaviside function must be
created.

a. In the Show menu, click Equations, or alternatively, on the SAAM II Toolbar,
click Equations EJ The Equations dialog box will open.
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b. Create the Heaviside function. In the Equations Defined Here pane, type
“heaviside=0.5*(1+atan(lambda*(t-tlag))*2/3.141592653)”

In this expression, for t less than the unknown parameter tlag, the value of the
Heaviside function will be zero; otherwise it will equal 1. The parameter tlag will
thus be the time when zero-order absorption stops.

c. Create the zero-order absorption parameter. In the Equations Defined Here pane,
type

“k(2,1)=(1-heaviside)*ka/ql”

This equation specifies k(2,1) as a zero-order parameter because of the division by
ql. It is this division that requires 1 to have a value at time zero, otherwise you will
receive a warning of division by zero. The absorption rate is the parameter ka. Up to
time tlag, “1 — heaviside” will equal 1, and the zero-order absorptive process will
occur. After time tlag, zero-order absorption will stop.

The Equations dialog box should appear as follows:

Blrwaos _io/x

Equations Defined Elsewhere (read-only):

fluxi{2,l)=k(2,1)*gl -
flux (0, 2)=k(0, Z) *g2

exl _bolus = 0.0

exl _infusion = 0.0

31 = gZ/vol -
4 _>I_I

Equations Defined Here:

heaviside=ﬂ 5% ({l+atan{lamkda* (t-tlag) ) *2/3.141592653) :I
E{Z,1)={1l-heaviside)*ka/gl

" o

d. Close the Equations dialog box.

8. Enter the parameter values as shown below:
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_iEix

Name | Type | Current | LowLimit |  High Limit |
input Fix 100.0000

k(0,2) Adi 0.1000 0.0100 1.0000

ka Adi 300.0000 100,0000 500.0000

lambda Fix 100,0000

tlag Adi 5.0000 1.0000 20.0000

vol Fix 100.0000

M = f

ame:  input Value: | 10000000000 <Q:|Edit|:J;|

Type: (¥ Fixed Lovs Linit: [10.00000000 é}
" Adjustable SSaxe

Hih Lirnit: | 1000, 00000000

Adjust value:

e

I

Done I Cancel Help |

[™ Auto solve

Of the parameters, input is the known initial dose; it is fixed. k(0,2) is the unknown loss
from Compartment 2. ka is the unknown zero-order absorption rate. lambda is the tuning
parameter for the Heaviside function. tlag is the unknown duration of the zero-order
absorption. The initial value of 100 is lower than the normally used 1.0e+06 for lambda.
This value was picked by examining different values for lambda starting from 1.0e+06.
Thus, choosing the initial value is also part of the tuning process. vol is the volume of
Compartment 2. The volume is assumed to be known otherwise the amount of the zero-
order absorption could not be estimated (if both were allowed to adjust, you will find
they are perfectly correlated.)

9. Solve the model, and view and save the solution. A plot of s1 and plasma will appear as
follows:
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=101.x]
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a. Close the Plot window.
b. In the Compute menu, click Solutions. The Solutions dialog box will open.

c. Click Add. The Solution Variables dialog box will open. Scroll through the
variables and click s1. The two dialog boxes will appear as follows:

=l

Solutions: Solution Variables:

Select Variables whose values are to be
saved with the Solution :

flu(0,2) -
flux(2, 1) _I
heaviside
input
k(o,2)
k(z,1)

ka

lambda
plasma

gl
_
81 res

—Current Solution —————————— 51 _wres o

t
Add... | taa [
Restaore Selected | Dane I Help |
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d. In the Solution Variables dialog box, click Done.

e. Close the Solutions dialog box.

8. Tuning lambda. The parameter lambda is “tuned” by changing its value until there are
no longer any significant changes in the adjustable parameters and their error
estimates. To tune lambda, one must start from the same set of initial parameter
estimates. This solution has been saved as that starting point. For more information
on saving and restoring solutions, see the Using SAAM II tutorial “Saving and
Restoring Solutions.”

e
Ty
"

10. Fit the model to the data, view and record the solution.

a. Inthe Compute menu, click Fit, or alternatively, on the SAAM II Toolbar, click
Fit “LI The plot of s1:plasma will appear as shown below:

=101.x|
[ T T T T T T T T I T T T T T T T T 1' T T T ]
3
0.3 a plosma
02 —
o1 —
G_G 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 !
0 ] 10 15 20
1 (hauorsh

b. In the Show menu, click Statistics, or alternatively on the SAAM II Toolbar click
Statistics gj The Statistics window will appear as follows:
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bl Statistics -0l x|
Parameter/Variable Value Std_Dev. Coef. of Var. 95% Confidence Interval
input 100.00000 wk Fixged %% “* Fipged ** *& Figed ** *k Figed ** a
k{0, 2} 0.20253 1.05014e-003 5.18507e-001 0.200Z¢ 0.20480
ka 302.1700Z 2Z.706885e+000 B.55804e-001 Z98.3Z2Z2Z22 308.01782
lambda 100.00000 we Fixged %% “w Fixged %+ ww Figed %% we Figed %+
tlag 5.54148 &.908Z3e-002 1.246Z8e+000 5.392Z¢ 5.89086
wol 3000.00000 we Fixged %% “w Fixged %+ ww Figed %% we Figed %+
————————————————————————————————— Derived Variables ————————————————————————————————— _J
-
" Correlation Matrix ™ Covariance Matrix ¥ Objective

Objective Scaled Data Variance -
31 : plasma -1.15923%e+001 3.B897865e-002
Total objective -1.159235%=+001
AIC -4 _gZ27254e+000
BIC -4 _530681e+000 -
Kl [

c. Record the results as shown below:

lambda 1.00E+02 | 1.00E+03
k(0,2) 0.203(0.52)

ka 302(0.90)

tlag 5.54(1.2)

These are the values when lambda equals 100. The precision of all parameters is
quite good.

d. Close all open windows and dialog boxes.

11. Restore the original solution, and refit the model to the data with lambda equal to 1000,
and record the results.

a. Inthe Compute menu, click Solutions. The Solutions dialog box will open.

b. Click “1” in the Solutions pane. The Solutions dialog box will appear as follows:
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Blsowors J=EY

Mame Prefix; I
Solutions: Solution Variables:
s1{1}

— Current Solution

Add... |

Restore Selected

Notice Restore Selected is now available.

c. Click Restore Selected. The following message will appear:

SAAM I Compartmental x|

l"} Solution has been restored. SOLVE to obtain solution values,

d. Click OK, and close the Solutions dialog box.
e. Re-Solve the model. The original solution is now restored.

f. Change the value of lambda from 100 to 1000. The Parameters dialog box will
appear as follows:
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_iEix

Mame | Type | Current |  LowLimit |  High Limit |
input Fix 100.0000
k(0,2) Adi 0.2025 0.0100 1,0000
ka Adi 302, 1700 100,0000 500.0000
lambda Fix 1000, 0000
tiag Adi 5.5415 1,0000 20,0000
vol Fix 3000.0000

Mame:  |ambda value: [ 1000 <::|Edit|:J;|
Type: [ Fixed Lzmay Linrits I 2.00000000 Ié}
" Adjustable Di5ave

Adjust value:

|

Done I Cancel Help

[~ Auto solve

Close the Parameters dialog box.

g. Re-Fit the model to the data (you may have to click Fit twice), and record the results.
The results should appear as follows:

lambda 1.00E+02 | 1.00E+03
k(0,2) 0.203(0.52) | 0.202(0.51)
ka 302(0.90) | 302(0.89)
tlag 554(1.2) | 5.53(0.2)

You can see there are some small differences in the values depending upon lambda.
For the parameters, they are in the third digit. You can repeat the above setting
lambda equal to 10000 if you wish. The results should be as follows:

lambda 1.00E+02 | 1.00E+03 | 1.00E+04
k(0,2) 0.203(0.52) | 0.202(0.51) | 0.202(0.51)
ka 302(0.90) | 302(0.89) | 302(0.89)
tlag 554(1.2) | 553(0.2) | 5.52(0.02)

Now there are no differences in k(0,2) or ka; tlag is still fine-tuning slightly. If you
wish, you can continue increasing lambda until there is no change in any of the
parameters or their estimates; this should be the optimal value of lambda chosen. See
below for more comments before increasing lambda.
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h. Close all open windows and dialog boxes.

The last value of lambda was 1.0e+04. If you increase lambda to 1.0e+05, you will not be able
to fit the model to the data. Instead, you will receive the following message:

]
] _.Iul

7 Compute Log =10l x|
ERROR: While fitting, the optimizer was unable to find any -
combination of parameter values that would satisfy the

convergence criteria. Try changing the computational
settings.

L |

-

AW

When you are using the Heaviside function and this message appears, you need to change your
computational settings. So far the default integrator and forward derivative methods have been
used. You now need to #ry the Runge Kutta integrator and the central derivative method. In

the Compute menu, open the Computational Settings dialog box and make these changes. The
Computational Settings dialog box will appear as follows:

Computational Settings d |
Min. Mr. of Calculations Intervals: I 230 TI (1 to 500)
~ Integrator
¥ Use Relative Error:
E;';E”bm‘j‘ | 0.00100000

{1.0e-10 to 1.0)
¥ Use Absolute Error:

I 1. 00000000

[T Compute Sample AUC's {greater than 0.0)

~ Optimizer
Max. Nr. of Fit Iterations: I 20 vI {0 to 50)
Variance Model —————— [ Derivative
i Data ™ Absolute ™ Forward
" Model ¥ Relative i* Central

Convergence Criterion: | 0.00010000

(1.0e-7 to 1.0)
[T Indude Bayesian Term

Lambda; I 1.00000000 i1.0e-7 bo 1, 0e7)

[T save Results to Text File
Leyvel

- ] File———
{ | Basic i Replace
£ Detailed . add
Al

Done I Cancel | Help |
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Click Done. You will now be able to fit the model to the data with lambda equal to 1.0e+05.
Changing lambda to 1.0e+06 will yield no changes in the parameters or their error estimates.

Thus for this problem, the above computational settings (i.e. Runge-Kutta integrator and the
central derivative method) with lambda equal to 1.0e+05 is optimal.

Repeating all of the above calculations using Runge-Kutta integrator and the central derivative
method yields the following:

lambda 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06

k(0,2) 0.203(0.52) 0.202(0.51) 0.202(0.51) 0.202(0.51) 0.202(0.51)
ka 302(0.90)  302(0.89)  302(0.89)  302(0.89) 302(0.89)
tlag 5.55(0.56) 5.55(0.18)  5.55(0.08)  5.55(0.01) 5.55(0.01)

Quit the SAAM II Compartmental application. You can save the study file if you wish. This
study file is provided as zero_order.stu with the initial parameter values.
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Part 3. Creating a pump to maintain plasma concentration.

There are several experimental protocols that use an infusion pump to maintain plasma
concentration of a substance of interest at or near a specific level. The times at which the pump
turns on or off are not known and need to be simulated. In this part, such a pump will be created
and the results compared with a set of simulated data.

In this experiment, a pump capable of infusing at a rate of 100 mg/hr of drug is used. The
experiment lasts for 24 hours. The desired concentration is maintained at approximately
0.06mg/ml.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Create the following system model:

E(2,1)
E(1,2)

E(0,1)

3. Create the experiment on the model.

a. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes dialog
box will open. Set the experimental attributes as follows:

Experiment Attributes

Independent Variable: I t

LInits: I hours

b. Click Done. The Create Experiment dialog box will open. Click Create. The
model will appear as follows:
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k(2,1)
k(1,2)

k{0,1)

4. Add the data to the model.

a. On the Show menu, click Data, or alternatively, on the SAAM II Toolbar, click
Data Ej The Data window will open.

b. On the File menu, click Open. The file pump_1.dat should appear in the list (if it
does not, find the folder where you put this data file).

c. Double-click pump_1.dat. The data in this file will appear in the Data window. The
Data window should appear as follows:

_lojx
s

DATA =

(FSD 0.1)

t plasma

0.25 0.0107

0.5 0.0193

1 0.0328

1.5 0.0404

2 0.0492

2.5 0.0538

3 0.0542

4 0.0590

5 0.0591

8 0.0a00

10 0.0596

12 0.0611

14 0.059

16 0.0577

18 0.0805

20 0.0808

22 0.0579

24 0.0595 b
EMD -
4] _'*IJ

Data Format is okay

d. Close the Data window.

5. Create a sample on Compartment q1, associated with “plasma” and edit the sample
equation to read “s1=ql/vol”. The Sample Attributes dialog box should appear together
with the model as follows:
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Sample Attributes x|

MName: s1
Units: |

E(2,1) Assodate with Data Name: | plasmal
E({1,2)

Equations:

51 =gl fvol ;I
[-
Cancel Help |

Click Done. Notice that the circle at the top of the sample object is now filled as shown
in the diagram below; this is because data are now associated with the sample.

k(0,1)

6. Create an input into Compartment q1.
a. Create the input into Compartment 1. The model should appear as follows:

sl

kE(2,1)
E(1,2)

'{km;l}
v

exl

b. Specify the input equation.
(1) Double-click ex1 to open the Exogenous Input dialog box.
(2) Select Equation as the input type.
(3) Set the Start equal to 0 and Stop time equal to 24.

(4) Write the input equation “ex1 = input”. Click Add. The Exogenous Input dialog
box should appear as follows:
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Exogenous Input x|
Mame: I exl Reference I Units: I
Type Initial Constant Start Stop Repeat Every Mr. Repeats
Equation exl=input 0.000
Input Type: Initial & ko,
put Type mitial Gmaun II:I 0 IZISHVEQ
"~ Bolus Constant Fate: IIII.III —_—
" Infusi ;
fusien Event Start: ||:| @Ed't':g
™ Primed Infusion I
% Equati Event Stop: | 24
* Eausten ! S AddcS)
Repeat Every: I ——
Nr. of Repeats: I Delete I‘&,
Eguation: | ex1=input
Split Imput, ., | | Done I Cancel | Help |

(4) Click Done.

00

i Exogenous input. In this case, the input is defined by the equation “ex1 = input.” The
equation “input” will be defined using the Heaviside function which will be defined
to turn on and off to maintain the plasma concentration of the drug at a specific level.

="':l.p'

7. Create the input equation.

The input equation “input” will be created using the Heaviside function, and will be
defined to turn on or off depending upon whether s1, the plasma concentration, is below
or above a certain set point, i.e. a concentration specified by the user. In this case, the set
point concentration is 0.06 mg/ml.

a. Inthe Show menu, click Equations, or alternatively, on the SAAM II Toolbar,
click Equations Eﬂ] The Equations dialog box will open.

b. Create the conditional expression to define the switch. In the Equations Defined
Here pane, type:

“condition=0.06-s1”
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“condition” will be positive when s1 is less than 0.06, and will be negative when it is
larger. This will be used as the switching mechanism in the Heaviside function.

c. Create the Heaviside function. In the Equations Defined Here pane, type
“heaviside=0.5*(1.0 + atan(lambda*condition)*2/3.141592653)”

In this expression, when “condition” is negative, the value of the Heaviside function
will be zero; otherwise it will equal 1. Values for s1 will thus oscillate around 0.06.

d. Create the input equation. In the Equations Defined Here pane, type
“input=heaviside*100”

The infusion rate is 100mg/hr. When the value for the Heaviside function is 1, the
infusion will be turned on; when it is zero, the infusion will be turned off.

The Equations dialog box should appear as follows:

R o

Equations Defined Elsewhere {read-only):

flumil,2) = ki{l,2) * gz -
flux(2,1) = k{z,1) * gl
flux(0,1) = k{0,1) * gl

exl _bolus a.a
exl _infusion = 0.0
31l = gl/wol

f o

Equations Defined Here:

condition=0.06-s1 =]
heaviside=0.5*%({1_.0 + atan{lambda*condition)*2/3_141592&53)
input=heaviside+*100

" o

e. Close the Equations dialog box.

8. Enter the parameter values as shown below:
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1 Parameters - 0] x|
Mame | Type | Current |  LowLimit |  High Limit |
k{0, 1) Adi 0.5000 0.0500 5.0000
k(1,2) Adi 0,5000 0.,0500 5,0000
k(z2,1) Adi 0,5000 0.,0500 5,0000
lambda Fix 1.000e+003
vol Adi 2000.0000 200.0000  20000.0000
M -

ame:  k(0,1) Value: | 0.50000000 <j:|Edit|:J;|

Type: { Fixed . |n.|:|5|:u:u:|n|:u:| é}

¥ Adjustsble - O Save
High Limit: | 5,00000000

Adjust value:
—

[~ Auto solve

Done I Cancel Help

The parameters are those for the two-compartment model together with lambda, the
“tuning” parameter for the Heaviside function. The initial value for lambda of 1.0e+08
was determined by initial tuning starting from 1.0e+06.

9. Solve the model and view the solution.

a. Because the input will be turning off and on very rapidly, the Computational Settings
are going to be changed as shown below:
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Min. Mr. of Calculations Intervals: | S | (1 to 500)
~ Integrator
¥ Use Relative Error:
ﬁaﬂsznbmd‘ | 0.00100000
{1.0e-10 to 1.0)

[~ use Absolute Error:

[T Compute Sample AUC's {greater than 0.0)
~ Optimizer
Max. Nr. of Fit Iterations: Iﬂ {0 to 50)
Variance Model ———— [ Derivative
" Data " Absolute " Forward
&+ Model + Relative + Central

Convergence Criterion: I 0,00010000

(1.0e-7 to 1.0)
[ Indude Bayesian Term

[Lambda; I 10, 00000000 (1,027 ko 1,027

[ save Results to Text File

Level——— File————
| Basic " Replace
" Detaled ) add
Al

Done I Cancel | Help |

The Min.Nr. of Calculation Intervals is set to the maximum so you can visualize as
much as possible the changes in the input function and s1. The integrator will be
changed to the Runge-Kutta (you should compare results using the Rosenbrock if you
are interested). The Derivative calculation is changed to Central.

When you have changed the settings, click Done.

b. Solve the model and view the solution. A plot of s1 and plasma will appear as
follows (the Y Axis maximum has been set equal to 0.075):
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1o
[ T T T T T T T T T T T T T T T .sl.1 I T T T
i a plozmao 4
0.06 R
0.04 - ]
0.02 .
G_GD 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 ]
0 5 10 15 20
1 (haoursh

You can see the oscillations around 0.06. To visualize them better, change the
Plot/Table Scale to a minimum and maximum respectively of 0.058 and 0.062. The
plot will appear as follows:

_ioix

G-GGE T T T T T T T T T T T T T T T T I T T T

0,061

0080

00485

G_GEE 11 PR N TR SN TN N A S T TN T T S A TR T AN N N
Q 2] 10 15 20
1 (haworsh

The rapidity of the oscillations indicates that you have to be very careful with the
computational settings. You should try different options to be sure the same result is
returned.

The plot of the input function “input” is shown below; again the rapidity of the input
turning on and off is evident:
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The calculation of the Heaviside function parallels that of the input function:

=101 ]

1-2 1 1 1 T 1 1 1 T 1 1 1 T 1 1 1

1 1 1
hen':w'lsfde
1.0F o

a&

0.8

0.4

0.2

.0 ! | |
10 15 20
1 (hoursh

=
m

Notice the infusion is on until just after 3 hours when the concentration reaches the
critical level for the infusion to turn off for the first time. Thereafter it turns off and
on rapidly. The “gaps” after 3 hours are due to an insufficient number of calculation
points for plotting purposes. You can tell from the plot of s1 and plasma that the
pump is still turning off and on.

c. Close the Plot window and any remaining open dialog boxes.

The purpose of this part of the tutorial was to simulate a pump that is rapidly turning off and on.
If you try to fit the model to the data, you will have problems with optimization because this
example is not intended to illustrate fitting such pump models to data (there are insufficient
data).
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Quit the SAAM II Compartmental application. You can save the study file if you wish. This
file is provided. pump_1.stu is the study file with the initial parameter values and
computational settings.

The above example dealt with introducing material into the system for the first time. What about
the situation where material is already in the system. For example, suppose you wished to infuse
glucose to maintain glucose slightly above some basal level? The discussion below is based on
the study file pump_2.stu. If you wish to follow the discussion, you can open pump_2.stu and
click on Experiment in the SAAM II Toolbox.

The model of the experiment is shown in the figure below:

=1
L)
3.00e-001 — 3.00e-002
o 3.00e-001 3.00e-002
f %.Uﬂe—ﬂﬂl %
ex? exl + ex3

This is a typical 3-compartment model to explain glucose kinetics. The values of the rate
constants, shown in the figure, are also typical.

Suppose you wanted to simulate a pump that elevates basal glucose concentration. Then you
must first create the model of the experiment so that baseline conditions exist. This means you
must specify masses in all compartments, and a rate of input that mirrors endogenous glucose
production.

Suppose the baseline concentration is 100mg/ml and plasma volume is 3000ml. Then the mass
in Compartment 1, Q1, equals 300,000. Since k(0,1) equals 0.3, the loss flux is
“k(0,1)*300000”, or 90,000. To maintain a constant mass in Compartment 1, therefore, you
must specify a constant infusion of 90,000 during the experiment to simulate endogenous
production.

However there are masses to be described in Compartments 2 and 3. Knowing the mass in
Compartment 1, these can easily be calculated since, for example,

k(2,1)*Q1 =k(1,2)*Q2
where Q1 and Q2 are respectively the masses in Compartments 1 and 2. Since the

corresponding exchange rate constants are equal, the mass in Compartments 2 and 3 are also
equal to 300,000.
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How is this information specified?

Double-click on ex2 to open the Exogenous Input dialog box associated with Compartment 2.
It will appear as follows:

x
Mame: I Reference I Units: I

Type Initial Constant Start Stop RepeatEvery  Mr. Repeats

Bolus 0.000

InputType: — Initial Amount: I 3.0000000e-+005 I:ISHVEIﬁ

i+ Baolus Comstant Rate: | 0.0

" Infusion Ewvent Start: I 0.0 4:' Edit :JJ

™ Primed Infusion
" Equati Event stop: | 0.0
E— | —AddS)

Repeat Every: I
Mr. of Repeats: I Delete I‘&,

Equation: | ex2 =

Split Imput, ., | | Dane I Cancel | Help |

Click Done.

The bolus injection of 300,000 will ensure the proper mass in Compartment q2 at the start of the
experiment. A parallel situation exists for Compartment 3.

Now double-click ex1 to open the Exogenous Input dialog box associated with Compartment
ql. It will appear as follows:
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Exogenous Input

X

Mr. Repeats

I:ISH'VEIQ

<aEdit?)

:lhddé}

Mame: I Reference I Unite: I
Type Initial Constant Start Stop Repeat Every
Infusion 9,00e+4 0.000
Bolus 3.00e+5 0.000 - -
Equation exl = input 30.000 480.000 -
Input Type: Imitial Srmount: II:I.I:I
" Bolus Constant Rate: |gnnuu.uunnuunn
% Infusi
fusien Ewvent Start: ||:|,|:|
™ Primed Infusion
" Equation Event Stop: |4BEI.EIEIIIIEIEIEIEIEI
Repeat Every: I
Mr. of Repeats: I
Equation: Iexl =

Split Imput, ., |

| Done I

Cancel |

Delete I‘&,

Help |

The first two inputs characterize the baseline state. Here the state variables (mass in the

compartments) in the system, though dynamic in the sense that glucose is being metabolized, do
not change. Input equals output. The bolus of 300,000 specifies the initial mass, and the infusion
mimics endogenous glucose production.

The last equation input specifies the pump. The pump will start at 30 minutes. Thus for the first
30 minutes, the system will not change. With the pump turned on, the concentration in
Compartment q1 will rise to a new set point, and be maintained at that set point.

Click Done.

The pump input rate has been set in a manner similar to the previous tutorial. Open the

Equations dialog box; it will appear as follows:
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_ioix

Equations Defined Elsewhere {read-only):

fluxil,2) = ki(l,2) * g3 =
fluxi{3,1) = k(3,1) * gl

fluxi{z,1l) = k{2,1) * gl

fluxi(l,2) = k(1,2) * g2

fluxi0,1) = k(0,1 * gl

ex3 . bolus = 0.0

ex3.infusion = 0.0

exZ _bolus = 0.0

exZ_infusion = 0.0

exl _bolus = 0.0

exl._ infusion = 0.0 —_

51 = glifwvol -
Kl _"I_I

Equations Defined Here:

h1=o0 =
hl set=0.5%(l.0+atan(lambda* ({sl-3l point))*2Z/3.141532653)
input= (1-hl)*rate

" o

In the Equations Defined Here pane, the first two equations specify the Heaviside function.
The function is zero (h1 = 0) up to the time the pump starts at 30 minutes. It then equals:

h1l_set=0.5*(1.0+atan(lambda*(s1-s1_point))*2/3.141592653)

Thus s/_point will be specified in the Parameters dialog box as the new concentration to be
maintained.

The last equation specifies the input rate. It will turn off and on according to the value of (1-h1).
The magnitude, rate, will be a parameter specified in the Parameters dialog box.

Close the Equations dialog box. Changing the value of hl from zero to hl_set is done using
Change Conditions. In the SAAM II Toolbox, click Change Conditions. The Change
Conditions dialog box will open as follows:
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Madel |

[T Lock
Experiment |
Mame: Exper
Choose... | Rename...
Create... | Remove...
Select Sample
Change )(/
Condition Input
[ Lock

o—JO

Change Conditions

T Frst/5trt Interwval Last/S5top Equation

hl=hl set

Hel
4;1' E quation:

Save

ﬁ

=
=
d

A
I@Deh‘:h&

r— Dwration:

" Continuous

5 tart:l 30.00000000
5 h:np:l 430.00000000

" Instantaneous

Firat event:l
Interval:l
[Lazt Event:l

Done I Cancel | I hl=h1_szet

In the Equations dialog box, h1 was initially set equal to zero; here it changes to h1_set at 30
minutes and maintains this value for the duration of the experiment. Click Done.

Open the Parameters dialog box; it will appear as follows:
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1l Parameters O] x|
Name | Type | Current | LowLimit |  High Limit |
k(0,1) Fix 0.3000
k(1,2) Fix 0.3000
k(1,3) Fix 0.0300
k(2,1) Fix 0,3000
k(3,1) Fix 0.0300
lambda Fix  10000.0000
rate Fix &000.0000
s51_point Fix 1020000
vol Fix 3000.0000

Name: k{0, 1) Value: | 0.30000000 <o Edit=

Type: % Fixed

Lty Linnits | 0.01000000 IQ
" Adjustable 1 Save

High Limnit: | 1. 00000000

Adjust value:

[™ Auto solve

Done I Cancel Help |

Since this exercise is a simulation, all parameters are fixed. Notice the value for s/_point is 102
meaning the pump will only slightly elevate the baseline concentration. Click Done to close the
Parameters dialog box, and open the Computational Settings dialog box. It will appear as
follows:
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Computational Settings 7] x|
Min. Mr. of Calculations Intervals: | S | (1 to 500)
~ Integrator
¥ Use Relative Error:
ﬁaﬂsznbmd‘ | 0.00100000

(1.0e-10 to 1.0)
[~ use Absolute Error:

[T Compute Sample AUC's {greater than 0.0)

~ Optimizer

Max. Nr. of Fit Iterations: I 20 vI {0 to 50)

Variance Model —————— [~ Derivative

{* Data ™ Absolute ™ Forward
" Model ¥ Relative {* Central

Convergence Criterion: I 0,00010000

(1.0e-7 to 1.0)
[ Indude Bayesian Term

[Lambda; I 10, 00000000 (1,027 ko 1,027

[ save Results to Text File

Level——— File

f" Basic ' Rep|a|:e
" Detaled ) add
1 all

Done I Cancel Help

The Minimum Number of Calculation Intervals is set to its maximum value of 500. The
integrator is the Runge-Kutta, and the derivative calculations are done using the Central

mechanism. Click Done.

Solve the model and view the solution. A plot of s1 (with the minimum and maximum values
respectively set at 98 and 103) will appear in linear mode as follows:
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=10|.x|

1032

K]
—-
1

=

102

101

100

45

-ga 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
10 200 300 4005
1 (minutes)

L]

You can clearly see that the basal state is maintained for the first 30 minutes after which the
pump takes over. You can also see the switching mechanism maintains the new concentration
very close to the desired 102. The input function will appear as follows:

=101 x|
T T T T T T T T T T T T T T T T I T T T

L input -
BOC0 .
4050 - H
| I
L |

Q 100 200 308 400

1 [(minutes)
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Notice that input has a value during the first 30 minutes equal to 6000 (rate). However, input is
not “seen” until 30 minutes as specified in the Exogenous Input dialog box. You can see this
by plotting ex1.infusion, the infusion rate specified:

=10| x|
108030 T T 1 T T 1T T T 1 T T T [ T T T

- exlinfusi o
Q8GO0 -
QOG0 |
EEGDG 1 11 | 1 1 [ 11 | 1 11 [ 1

Q 100 200 J0C 400

{ (wninutes)

This is the actual infusion rate into Compartment q1. It equals the baseline up to time 30 after
which time “input” is added to this baseline rate.

This study file is worth experimenting with to understand the behavior of such pumps. The
parameters to change, and to see how these changes affect the solution, are s/_point and rate.
Depending upon the magnitude of the changes, you may have to adjust lambda. Y ou may also
have to change some computational settings the most likely of which is value of the integrator
relative error (you may need to reduce it).

Experimenting with this study file will give you a much better feeling to the strengths and
limitations of trying to simulate pumps such as this.

Quit the SAAM II Compartmental application. Do not save any changes you made to
pump_2.stu
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Working with Change Conditions

Prerequisites

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

What you will learn in this tutorial

The purpose of this tutorial is to show you how to use Change Conditions in SAAM II. You will
learn

e How to create continuous changes in your model (Part 1)
e How to create instantaneous changes at different times in your model (Part 2)
¢ How to create instantaneous changes at an equal time interval in your model (Part 3)

Files Required

Study Files: The study files for this tutorial are
cc_cont.stu
cc_instInulin.stu
cc_instLDL

Data Files: The data files for this tutorial are:
cc.cont.dat
cc.instInulin.dat

cc.instLD.dat

These files are included as part of this tutorial.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Introduction

This tutorial will show you how to use Change Conditions, a tool in the SAAM II Toolbox.
Change conditions allow you to describe experimental perturbations in your model. There are
two kinds of perturbations — continuous and instantaneous.

An example of a continuous perturbation would be an experiment in which at some known time,
something was done that altered the characteristics of the data. You might want to account for
this by changing the value of one or more of your model parameters. The start would begin at
some known time, and continue until the experiment ended, or another experimental
perturbation occurred.

An example of an instantaneous perturbation would be urine collections. In the urine collection,
the container holding the urine would be emptied at the time specified, and the collection for the
next period would begin. You can model this by including a compartment for individual urine
samples, and “emptying” it at the end of the collection period.

Two examples are presented. Inulin kinetics is a simpler model because inulin is represented by
a single plasma compartment. The collections times, however, do not always coincide with a
plasma measurement. LDL kinetics is a more complex model because plasma LDL exists in two
plasma compartments. The collection times, however, are at 24 (daily) intervals.

Operationally when SAAM 11 detects a Change Condition, integration (simulation) will stop.
The change or changes specified will be made, and integration (simulation) or optimization
(fitting) will start again.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Part 1. A continuous Change Condition

The following study investigated the effect of total parenteral nutrition (TPN) on the kinetics of
low density lipoprotein (LDL) metabolism. Radioiodinated LDL was injected at time zero, and
on day 9, TPN was commenced. The experiment lasted 19 days. The question asked was the
following: Which of the model parameters change as a result of the TPN?

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file cc_cont.

a. The file cc_cont.stu should appear in the file list; if it does not, find the folder where
you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

.+, SAAM II Compartmental - CC_CONT.STU - | EI|£|
File Edit View Show Compute Set Window He||:||

o|=(a| 8| TFE EEEE =h. Z== = e

Toolbox ___ MM|:.cccomsiva =10/
s

Delay Flu k(2,1)
[ Lok k(1,2)
Experiment

fames kracer

k(0,1
Choose.,. | Remame..,. (0,1)
Create, ., | Remove...
[T Lock
-
o — O
J 1] | H 4
Select model component NUM | A

You may recognize this as the model used for study_0, the study file supplied with
SAAM I This is in fact the case. The data used for study_0 are the first 9 days of
the data used in this part of the tutorial.

3. View the model and the experiment on the model, and the parameters.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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a. Inthe SAAM II Toolbox, click Experiment. The model of the experiment will
appear on the Drawing Canvas as follows:

z1

k(2,1)
k(1,2)

exl

f/km;l}
v

b. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters ﬂ The Parameters dialog box will open, as shown below:

|} Parameters - 0] x|
MName | Type | current |  LowLmit|  High Limit |
k(0,1) Adi 0.1000 0.0100 1.0000
k(1,2) Adi 0.1000 0.0100 1.0000
k(2,1) Adi 0.1000 0.0100 1.0000
vol Adi 3000.0000 300.0000  30000.0000

Name: k{0, 1) Value: | 0. 10000000 <o Edit=

Type: © Fixed

Low Limit: | 0.01000000 IQ
' Adjustable Save

High Limit: | 1,00000000

Adjust value:

N
-

Done I Cancel Help

[~ aAuto solve

These are the parameters for study_0. The question posed in this part of the tutorial
is which of these parameters change following TPN starting on day 9.

c. Close the Parameters dialog box.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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4. View the plasma data.

An important part of deciding how to deal with a continuous change is to look at the raw
data to see if a change is obvious.

a. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot

@. The Plot and Table Variables dialog box will open. Be sure the List All
Variables check box is selected.

b. Click plasma to move this to the Current Selection pane.

c. Click Done. The plot of the plasma data will appear in semilog for as follows:

=10|x|

105 T T T T T T T T T T T T T T T T L
E a plozma ]
o .
B o a .
107 a =
2 @ e 3
- - ]
- o -
= n n -
o
a3 a
1|:| = a a =
£ o 8 ]
‘1|:|2 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
a 10 15 20
1 (doys]

You can see there appears to be a break in the curve at day 9. You can actually solve
the model, and see how the model predicts the data. Fit the model to the data, and
change the Plot/Table Variables to s1:plasma. You will obtain the following plot
which only further supports a change at day 9:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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=101x|

105 T T T T T T T T T T T T I T T T T =
a1 ]
a plozmo 7
107 b E
107 E

102 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0 10 15 20
1 (doy=]

d. Close the Plot window.
5. Change the value of k(2,7) and k(0,1) from day 9 to 19.

It is hypothesized that these two parameters change following TPN. Such a change will
be done using continuous Change Conditions.

You must first provide values for these parameters up to day 9, and then provide values
following TPN on day 9. This will be done as described below.

a. Double-click k(0,1) to open the Loss Attributes dialog box.

b. Inthe Equations box, type the equation “k(0,1)=lossO_before”. The Loss Attributes
dialog box will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Loss Attributes x|

Transfer Coeffident: k(0,1)
Reference Name: transfer(D, 1)
Flow Rate: flux(0,1) = k{0,1) *q1
Flow Rate Units: | mass,time

Equations :

k{0, 1) =loss0_before| ;I

—Parameter Data
ko, 1)
Type: — | Current Parameter 'I.n'alue:l 0.32255955
" Fixed Low Limit:| 0.01000000
+ Adjustable High Limit:| 1.00000000

ot | |

c. Click Done. The parameter k(0,1) is now defined by the equation, and loss0O_before

will appear as a parameter in the Parameters dialog box.

d. Double-click k(2,1) to open the Transfer Attributes dialog box.

e. Inthe Equations box, type the equation “k(2,1)=loss2_before”. The Transfer

Attributes dialog box will appear as follows:

Transfer Attributes x|

Transfer Coeffident: k(Z,1)
Reference Name: transfer(2,1)
Flow Rate: flux(Z, 1) = k(Z,1) *q1
Flow Rate Units: | mass,time

Equations :

k{2, 1)=loss?_before| ;I

—Parameter Data
k{2, 1)
Type: — | Current Parameter 'I.n'alue:l 0.27455955
" Fixed Low Limit:| 0.01000000
+ Adjustable High Limit:| 1.00000000

ot | |

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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f. Click Done. The parameter k(2,1) is now defined by the equation, and loss2_before
will appear as a parameter in the Parameters dialog box. If you open the
Parameters dialog box, it will appear as follows:

| Parameters -10] x|
Mame | Type | Current |  LowLmit |  High Limit |
k(1,2) Adi 0.1000 0.0100 1.0000
loss0_before Adj
loss2_before Adj
wiol Adj 3000, 0000 300.0000  30000,0000

Name: ~k(1,2) Value: [ . 10000000 {::Editzjj
Type: " Fixed Lowy Lirnit: ||:|,|:|1|:||:||:||:||:||:|
" Adjustable I:ISEV‘EIQ

High Limit: | 1,00000000

Adjust value:

A
_|

Done I Cancel Help

Close the Parameters dialog box.

[T Auto solve

¥ Transfer and Loss Attributes dialog boxes. When you open either of these boxes,
they will appear as shown above. However, once you define a parameter by an
equation, the lower pane will not appear if you open them again. For example, if you
double-click k(0,1) to open the Loss Attributes dialog box, it will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Loss Attributes x|

Transfer Coeffident: k(0,1)
Reference Name: transfer(D, 1)
Flow Rate: flux(0,1) = k{0,1) *q1
Flow Rate Units: | mass,time

Equations :

{0, 1) =loss0_before ;I

ot | |

3

g. Inthe SAAM II Toolbox, click Change Condition. The Change Conditions dialog
box will open as follows:

Change Conditions x|

— Duration:

T Frat/5trt Interval Last/S5top Equation

% Continuous

¢53VED Start:l|
O EdiiE:> Sh:up:l

C:I Add O " Instantaneous

Firat event:l
'i}, Delete
- Interval:l
Help | ; [Lazt Event:l
E quation:

Daone I Cancel | I

O ~==C)

8" Change Conditions dialog box. The Change Conditions dialog box contains the
Duration pane where you set the Change Condition to be Continuous (default) or
Instantaneous. You set the Start and Stop times in the boxes below this pane. If the
Change Condition is Instantaneous, the First event, Interval, and Last Event
boxes will be active. You define the change in the Equation box.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Working with Change Conditions

h. In the Start box, type “9”.

i. In the Stop box, type “19”.

j- In the Equation box, type “k(0,1)=loss0_after”

k. Click Add. The Change Conditions dialog box will appear as follows:

Change Conditions

T Frst/5trt Interwval Last/S5top Equation

k{(0,1)=1loss0 af

Hel
4;1' E quation:

<aSave
o Editcy
<o Add O

I@Deh‘:h&

r— Dwration:

" Continuous

Start:l ]
Sh:np:l 13

" Instantaneous

Firat event:l
Interval:l

[Lazt Event:l

Cancel

Done I

| [KI0.T]-loss0_fter

1. Edit the equation to read “k(2,1)=loss2_after”

m. Click Add. The Change Conditions dialog box will appear as follows:

Change Conditions

T Frst/5trt Interwval Last/S5top Equation

k(Z,1)=1loasZ af

k{0,1)=logsl af

c 5.0000 13.0000

Hel
4;1' E quation:

<aSave
o Editcy
<{aAdd O

I@Deleh‘:

r— Dwration:

" Continuous

Start:l ]
Sh:np:l 13

" Instantaneous

Firat event:l
Interval:l
[Lazt Event:l

Cancel

[Done I

| [Ki2.T]rloss2_fter

n. Click Done.
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00

i Using Change Conditions. While the above shows you how to change the value of
one or more parameters, there are assumptions that must be made about the
particular system being studied. In this case, the data are being analyzed using a
constant coefficient model. The values of the two parameters k(0,7) and k(2,1)
change instantaneously at day 9, and remain at the new value throughout the rest of
the experiment. Is this realistic? That is, will the parameter values change that
quickly? The assumption here is that, relative to the daily sampling, the change does
occur that fast.

HEE
sy
1

6. Add parameter values to the model as shown in the Parameters dialog box below:

=k

Mame | Type | Current |  LowLmit |  High Limit |
k(1,2) Adi 0.1000 0.0100 1.0000
loss0_after Adi 0.3000 0.0300 3.0000
loss0_before Adi 0.3000 0.0300 3.0000
loss2_after Adi 0.0200 0.0020 0.2000
loss2_before Adi 0.0200 0.0020 0.2000
vol Adi | 3000.0000  300.0000  30000.0000

M :
ame:  loss2_after Value: [0.02 {}jEditI:Jj
Type: © Fixed Low Limit: [ 000200000 £
% Adjustable CiSave

High Lirmit: |n.znuunnnu

Adjust value:

A
_|

Done I Cancel Help |

[T Auto solve

Notice the presence now of the values for the loss0 (k(0,7)) and loss2 (k(2,1)) before
and after the perturbation. All values are the same; they will change when you fit the
model to the data.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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7. Solve the model and view the solution. The Plot window will appear as follows:

=l0ix|

a1
a plozmo

0 a 10 15
1 (doys)

]
[

8. Fit the model to the data. The plot will be updated as follows:

=101 ]

]
—_
1 L1 1111]

0 al 10 15
1 (day=)

]
[

You can see that the parameter changes nicely describe the change starting at day 9.

9. View the statistics. The Statistics window will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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b Statistics

Working with Change Conditions

=101 x|

Derived Variakles

Parameter/Variable Value Std_Dev. Coef. of Var. 95% Confidence Interval
ki(l,2) 0.26084 1.42500e-001 5.48735%e+001 -0.037a2 0.55885 &
losal_after 0.48356 1.50966e-001 3.12200e+001 0.18758 0.73953
losal before 0.28831 3.22236e-002 1.12547e+001 0.21887 0.3537¢
loaal after 0.02923 1.35802e-001 4.78213e+002 -0.28337 0.32184
logaZ before 0.178Z% 3.30904e-00Z2 1.85557e+001 0.10303 0.24755
ol 2323.94%994 7.75410e+001 3.33860e+000 2181.85510 2486.24478%

Total objective

LIC
BIC

kil

= Correlation Matrix ™ Covariance Matrix % Objective
Objective Scaled Data Variance
31 : plasma 1.279055e+001 4 _57Z788e—001

1.279055e+001

T7.554214e+000
7.7648562+000

The statistics are reasonable except that loss2_after is not well defined, and hence its

change is not supported by the data. Restore the initial values for the other parameters;
Open the Change Conditions dialog box, and delete the change in k(2,1).

Change Conditions

T Frat/5trt Interval Last/S5top

Equation

c 5.0000

13.0000

Hel
4;1' E quation:

k{0,1)=logsl_af

<aSave

o Editcy

Delete

o By
;
D

r— Dwration:

" Continuous

5 tart:l 9.00000000
Sh:np:l 19.00000000

" Instantaneous

Firat event:l
Interval:l
[Lazt Event:l

Cancel

Done I

| [K[2.1]-lass2_after
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Restore the initial values for the other parameters;

=101 x|

Name | Type | Current | Low Limit | High Limit |
k(1,2) Adi 0.1000 0.0100 1.0000
loss0_after Adi 0.3000 0.0300 3.0000
loss0_before Adi 0,3000 0.0300 3.0000
loss2_before Adj 10,0200 10,0020 0, 2000
vol Adj 3000.0000 300.0000  30000.0000

Mame: k(1,2) Value: | . 10000000 <]:|E|ditI:J;|
Type: € Fixed Low Limit: [0.01000000 4>
&+ Adjustable Ssane

High Limit: | 1.00000000

Adjust value:

[T Auto solve

Done I Cancel Help |

Fit the model; the Compute Log Error will appear:

T Compute Log =10 x|

WARNIMG: The following parameter limit(s) constrain further optimization: ;I
loss2_before hit upper limit,

4 I v
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Modify the limits of loss2_before as shown below:

=101 x|

Name | Type | Current | LowLimit | High Limit |
k(1,2) Adi 0.1000 0.0100 1.0000
loss0_after Adi 0.3000 0.0300 3,0000
loss0_before Adi 0.3000 0.0300 3,0000
loss2_before Adi 0.0300 0.0030 0.3000
vol Adi 3000.0000 300.0000  30000.0000

Mame: |oss2_before Values I 0.03 <]:| Edit :J;I

Type:  Fixed

Low Limit: |D.DDEHJDDDD IQ
% Adjustable —Save

High Limit: | 0.30000000

Adjust value:
—
[T Auto solve
Done I Cancel Help |
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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Solve the model;

=l

%]
—_
11 11111

]
-
[
-
m
]
[

Fit the model; the fit will be essentially the same as that shown above.

=10|x|

%]
—_
11 11111

1071 E
c F ]
1 DE 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 10 15 20
1 (dovs)
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The statistics will change as follows:

bl Statistics -0l x|

Parameter/Variakle Value Std_Dev. ©Coef. of Var. 895% Confidence Interval

k{l,2) 0.4505%4 1_.78716e-001 3.&84031e+001 0.11814 0.8&8373
losal_after 0.38443 €.037Zle-002 1.58€05e+001 0.2Z57z24 0.511%1

loss0 before 0.31121 2Z.014Z%9e-002 ©€.47247e+000 0.Zg5913 0.35323
lossZ_before 0.248e87 B8.041%Z2e-002 3.Z575%e+001 0.07312 0.414%2

wol ZZ7B.78914 5.50€47e+001 4.1717Ze+000 Z080.48E803 2477 .030Z4
————————————————————————————————— Derived Variabkles --———————————————————————————————

k{0,1) 0.31121 2_.014Z%e-002 &.47247e+000 0.Z2831%9 0.353Z23

" Correlation Matrix " Covariance Matrix {*" Objective

Scaled Data Variance
E.27e843e-001

Objectiwve
1.31585%=+001

1.31585%e+001

31l : plasma
Total objectiwve

AIC 7.738232e+000
BIC 7.884457e+000

kil

ILI;I_ILILI_IL

ki(l,2) 0.45905%4 1.78716e-001 3_.&4031le+001 0.11814 0.86373
losal_after 0.38443 &.097Zle-002 1_.58&05e+001 0.25724 0.51181
loss0_before 0.31121 Z.014Z%e-002 &.47247e+000 0.28313 0.353Z23
loss2_before 0.24687 B8.0413Ze-002 3_.25753e+001 0.07312 0.41462
wol Z2278.783%314 5.506847e+001 4.1717Ze+000 Z0B80.48B03 Z477.09024
————————————————————————————————— Derived Variskles -------—1————"—"—-"—""—"""—""""""—————

k(0,1 0.31121 2.0142%=-002 ©.47Z47=+000 0.28919 0.353Z23
klZ,1) 0.24687 B.041%9Z2e-002 32_2575%e=+001 0.073912 0.414&2

These are better, so a change in the loss is supported by the plasma data. In the actual
experiment, urine data were also collected. When these are incorporated into the model,
the change in the return is supported by the data.

Quit the SAAM II Compartmental application. Do not save the changes to cont_cc.

© 2011 University of Washington and The Epsilon Group
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Part 2. An instantaneous Change Condition — inulin Kinetics
The following study investigated the metabolism of inulin. Inulin is known to be described by a
three compartment model, and to be totally excreted in the urine. The experiment lasted 500

minutes. Plasma concentration is mg/L and urine measurements are mg.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file cc_instInulin.

a. The file cc_instInulin.stu should appear in the file list; if it does not, find the folder
where you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

%%, SAAM II Compartmental - CC_INSTINULIN.STU - |EI|5|
File Edit View Show Compute Set Window HeI|:||

D|=|a| 5 .r.|| qIEqI =)= II = ==l FIE | [
ETT | B S R

m— E(1,3) (2,1)
AE: k(3,1) (1,2)
[ Lock

Experiment
Iarne: imulin E(4,1)
Choose, .. | Remame...

Create.,, | Remove: .,

[T Lock
G [P— I l l i L 'j j
1| | »
Select model component ’_ NUM V

The model is characterized by a central plasma compartment which exchanges with
two peripheral compartments. Excretion in urine, Compartment 4, is from the plasma
compartment, Compartment 1.

3. View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear on the Drawing Canvas as
follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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21

E(1,3) E(2,1)
k({3,1) E(1,2)

f k(4,1)

exl

z2

The plasma samples, s1, are the concentration of plasma inulin. Double-click s1 to view
the Sample Attributes dialog box. The compartment for the individual urine samples is
Compartment q4. The sample s2 links this compartment with the individual urine
samples. Double-click s2 to view the Sample Attributes dialog box.

The input is ex1. It is a bolus into plasma.

The data to be analyzed are shown in the Data window below:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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[ Data - cc_ins iz =101 x|
s

DATA ]

(FSD 0.1)

t Plasma

5 7310 (9

7 293.0

10 J08.0

15.25 514.0

20.25 419.0

25 361.0

30.08 332.0

45 253.0

80,33 203.0

75.33 167.0

90 141.9

120 108.7

150 88.2

180 63.6|

240 41.0

300 28.9

300 17.4

420 18.7 ()

430 7.3

EMD

DATA

(FSD 0.1)

t Urine

92, 3950,

183. 1210,

285, 09,

390, 329, b
440, 163,

EMD -
Kl 3

Data Format is okay

The data are entered in two segments, one for plasma and one for the individual urine
samples. Notice that the urine collection times do not coincide with the time of plasma
samples.

4. Use Change Conditions to model the individual urine collections.

a. Inthe SAAM II Toolbox, click Change Condition. The Change Conditions dialog
box will open as shown below:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Change Conditions

T Frat/5trt

Interval Last/S5top

Equation

Hel
4;1' E quation:

<aSave
o Editcy

<{gAdd O

I@Deh‘:h&

r— Dwration:

" Continuous

Start:l|
Sh:np:l

" Instantaneous

Firat event:l
Interval:l

[Lazt Event:l

Cancel | I

x|

Done I

O ~==C)

8" Change Conditions dialog box. The Change Conditions dialog box contains the
Duration pane. The Duration pane is where you set the Change Condition to be
Continuous (default) or Instantaneous. You set the Start and Stop times in the
boxes below this pane. If the Change Condition is Instantaneous, the First event,
Interval, and Last Event boxes will be active. You define the change in the
Equation box.

3

b. In the Duration pane, select Instantaneous. The Change Conditions dialog box
will appear as follows:

Change Conditions

T Frat/Strt

Interval Last/S5top

Equation

Daone I

Hel
—pl E quation:

<aSaver
D Editcy
<addo

Ii},Dt:lt:lf:

— Duration:

" Continuous

Start:l
Sh:up:l

* |nstantaneous

Firat event:l
Interval:l
Lazt Event:l

Cancel

www.saam.com

Change Conditions — 21

SAAM II Version

© 2011 University of Washington and The Epsilon Group

21




Advanced Tutorials SAAM 11 v.2.1 Working with Change Conditions

c. In the First event box, type “92.001”.
d. Inthe Equation box, type “q4=0".

e. Click Add. The Change Conditions dialog box will appear as follows:

Change Conditions |

r— Dwration:

T Frst/5trt Interwval Last/S5top Equation

92.0010 a0 " Continuous
Start:l
Sh:np:l

{,':I Add O % |nstantaneous
@ Delete First event: I 92.0M

Interval:l
Help | ; Lazt Event:l
E quation:

Done I Cancel | I qd=0

f. In the First Event box, type “183.001”, and click Add.
g. In the First Event box, type “285.001”, and click Add.
h. In the First Event box, type “390.001”, and click Add.

1. In the First Event box, type “490.001”, and click Add. The Change Conditions
dialog box will appear as follows:

Change Conditions =l

T Frst/5trt Interwval Last/S5top Equation ~ Duration:

I 5Z.0010 0.0000 g4=0 " Conbinuous
I 183.0010 0.0000 g4=0

I 285 0010 00000 q4=0 {aSave Start;l
I 350.0010 0.0000 q4=0

I

490 _0010 0._0000 DEd“E> S[Dp:l
% |nstantaneous

First event: I 430,001
@ Delete
Interval:l
Help | ; Lazt Event:l
E quation:

Cone I Cancel | I qd=0

4>
I
=
=
d

j. Click Done.
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.,.

8 Instantaneous Change Conditions. Why do we enter the first event at 92.001? The
reason is that the urine collections last for 92 hours. The container is emptied after
the volume and concentration of inulin are made. Thus the actual event of emptying
the container takes place slightly after the actual sample. Adding 0.001 to the time
will accommodate this. The equation “q4 = 0” will resent the value of Compartment
q4 equal to zero at the specified time point. SAAM II will stop integration at, for
example, 92.001, reset q4 equal to zero, and continue integrating.

HEE
sy
1

5. View the model parameters. The parameters have been entered as part of the study file.
The Parameters dialog box is shown below:

1l Parameters - 0] x|
Name | Type | Current | LowLimit |  High Limit |
Vi Adj 4, 5000 0.4500 45,0000
k{1,2) Adj 0.0250 0.0025 0.2500
k(1,3) Adi 0.0150 0.0015 0.1500
k(2,1) Adi 0.0250 0.0025 0.2500
k(3,1) Adi 0.0150 0.0015 0.1500
k(4, 1) Adi 0.0300 0.0030 0.3000
M -

= L Value: | k. 50000000 <::]:|Edit|:J;|

Type: { Fixed . |n.45|:u:u:|n|:u:| ,Q

¥ Adjustable - cSave
High Limit: I 4500000000

Adjust value:
—

[~ aAuto solve

Done I Cancel Help

6. Solve the model, and view the solution. The plot of s1:Plasma will appear as follows (in

semi-log mode):

www.saam.com
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=10/]

200 30 400 T
1 [(minutes)

Notice the first datum and the datum at 420 are unweighted as indicated by the red x
through them. The plot of s2:Urine will appear as follows:

=10/]

I T
=
a Llrine

200 30 400 B0
1 [(minutes)

i Viewing the individual urine samples. In viewing the individual urine samples, you
can clearly see the effect of resetting q4 equal to zero; this is produces the saw-tooth

www.saam.com
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curve. It is also important to note in these situations it is best to reset the Minimum
Number of Computation Intervals equal to 200 to improve the resolution of the
plot. This has been done in the study file. On the Compute menu, if you click
Settings, the Computational Settings dialog box will open. You can see that the
Minimum Number of Computation Intervals is set equal to 200. If you reduce this
and resolve the model, you will loose some of the resolution of the plot.

Leave the above plot of s2:Urine open.
7. Fit the model to the data, and view the solution.

a. The plot of s2:Urine will be updated as follows:

=101 ]
1011 E- T T T 1T T T T 1T T T T 1T — 1 1 T [ T T T T J

E =9 3

o a Lrine 7]
10° -

- o’
102 E E
10" -

100 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] 1 1 1 1
| 108 200 J0C 408 S0OC
1 (eninuptes)

In the linear mode, the plot will appear (the Y Axis minimum should be set equal to
zero to 4200):
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www.saam.com

=101 x|
T T T T T T T T T T T T T T T T I T T T
anoo | <0 -

i a Urine ]
3000 |- ]
2000 —_

i . ]
1000 —

. i
|:| [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]

0 100 200 I00 400 SO

1 [(minutes)

Here you can see that q4 has been reset to zero at the appropriate times.

b. Plot s1:Plasma. The plot in semilog will appear as follows (the Y Axis scale should

be set to autoscale):

= plot

=10l x|

200
1 [(minutes)

You can see that the model describes the data reasonably well.

Close the Plot window.
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c. View the statistics. The Statistics window will appear as follows:

bl Statistics

=101 %]

Darameter,/Variakle Value Std_Dewv. Coef. of Var. 95% Confidence Interval
Vi 3.32448 4.15753e-001 1.2&828le+001 Z.43464 4_.21432 _:J
ki(l, 2} 0.088e4 1.007ZBe-002 1.48743e+001 0.047Z25 0.0%000
ki(l,63) 0.015%4 1.0255%9%e=-003 &.43439e+000 0.01377 0.01811
ki{Z, 1) 0.08281 1.310&84e-002 2Z.0933%9e+001 0.03482 0.0%303%9
k{3, 1) 0.02844 5_718Z4e-003 2Z_.16211e+001 0.01432 0_0385&
ki4,1) 0.03709 4_222%0e—-003 1.13866e+001 0.0ZB13 0.042804

el

" Correlation Matrix " Covariance Matrix * Objective

S
31

Urine

AIC
BIC

4]

Plasma

Total cbjectiwve

e

L]
[ I ]

Objective

28150e+000
505878e+000

159e+000
530e+000

Scaled Data Wariance

5.860866=+000
©.547285%e-002

o

The statistical information supports the model quite well also.

Close the Statistics window.

Quit the SAAM II Compartmental application. Do not save the changes to cc_instInulin.
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Part 3. An instantaneous Change Condition — LDL Kkinetics

The following study investigated the metabolism of low density lipoproteins (LDL).
Radioiodinated LDL was injected, and plasma and urinary radioactivity was determined. 24
hour urine collections were made. This part of the tutorial will show you have to model such
collections using instantaneous change conditions.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file cc_instLLDL.

a. The file cc_instLDL.stu should appear in the file list; if it does not, find the folder
where you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

» % SAAM II Compartmental - CC_INSTLDL.STU =13 x|
File Edit View Show Compute Set Window Help

D=8 & 7 EE =

- CC_INSTLDLSTU:1

elect | Compartment P E(3,2)
@ # e lmsma E(2,3)
Delay Flux

™ Lock
Experiment E(12,1)
[darme: bracer

| .| Z|=5| B4 %

Y
=

ot

o

E(13,2)
Ghoose,.., || REmame: ..

Create.,, | Remeve:., —
E(13,12)

o _J O x(23,13)

-
1 | 3

Select model component ’_ UM 4

The model is characterized by two plasma pools representing two kinetically distinct
subpopulations of LDL particles. Radioiodide leaves the LDL during the metabolic
process and enters the total body iodide pool. It is excreted there into the urine.
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3. View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear on the Drawing Canvas as
follows:

k(3,2)
k(2,3)

E({12,1) %

exl E(13,2)

‘h""‘-h..
E(13,12)
gl3
body I
52

k(23,13)

The plasma samples, s1, are a sum of the radioactivity in the two plasma compartments,
ql and q2, divided by the plasma volume. Double-click s1 to view the Sample
Attributes dialog box. The compartment for the individual urine samples is
Compartment q23. The sample s2 links this compartment with the individual urine
samples. Double-click s2 to view the Sample Attributes dialog box.

Sample Attributes x|

Mame: s2
Units: I |

Assodate with Data Name: I ind_urine

Equations:

52 =q23 :I
=
s | oo |
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The input ex1 is a split input. This is because the radiolabeled LDL is split between the
two subpopulations of LDL represented by Compartments 1 and 2. Double-click ex1
to open the Exogenous Input dialog box. Then click Split Input; the two dialog boxes
will appear as follows:

Exogenous Input El

MName: I exl Reference I Units: I

Type Initial Constant Start Stop RepeatEvery  Mr. Repeats

Bolus 1.00e +3

Input Type: — Initial Amount: | 1.0e+08 —Save Iﬁ

i+ Baolus Comstant Rate: | 0.0

" Infusion Ewvent Start: I 0.0 4:' Edit :JJ

" Primed Infusion
: Event stop: | 0.0
{~ Equation I I:I.ﬂl.ddlé}

Repeat Every: ||:|,|:| _
Mr. of Repeats: ID Delete I‘&,

Equation: |

Split Imput. .. | | Dane I Cancel | Help |

The parameter frac will split the bolus dose between Compartments q1 and 2. For more
information on split inputs, see the Using SAAM II (Advanced) tutorial “Working with
Experimental Inputs”.

Close the two dialog boxes.

The data to be analyzed are shown in the Data window below:
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DaTa
(FSD 0.1)
t

(/24)
0

[T, Qs
(=1}

[V s T e T N AR L I B e B L I O U S
s ol

10
11
12
13
14
EMD

Kl

plasma
0

n
29745
31003
29114
27307
27593
27433
26610
25731
0
20399
13646
9714
0456
4306
3804
3267
2744
2279
2131
1971
1720
1667
1622

ind_urine

33333333 3¢

6973047
1.67E+07
1.50E+07
1. 19E+07
3091944
5846717
3532041
2096780
1582786
1394947
985794
a7edve
712398
643487

Data Format is okay

=10l x|

.

ril

The two columns of data are the plasma and the individual urine samples. The initial
data were recorded in hours instead of days. The line in the data file

“(24)00”

divides all samples up to 12 hours by 24 converting them to days. The line in the data

file

000

will stop the division by 24. The entries “n” in the “ind_urine” column means there are
no urine data collected at these times.

4. Use Change Conditions to model the 24 hour urine collections.

a. Inthe SAAM II Toolbox, click Change Condition. The Change Conditions dialog
box will open as shown below:

www.saam.com
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Change Conditions

T Frst/5trt Interwval Last/S5top Equation

Hel
4;1' E quation:

<aSave
o Editcy
<{gAdd O

I@Deh‘:h&

r— Dwration:

" Continuous

Start:l|
Sh:np:l

" Instantaneous

Firat event:l
Interval:l
[Lazt Event:l

x|

Done I Cancel | I

0—0

i Change Conditions dialog box. The Change Conditions dialog box contains the
Duration pane. The Duration pane is where you set the Change Condition to be
Continuous (default) or Instantaneous. You set the Start and Stop times in the
boxes below this pane. If the Change Condition is Instantaneous, the First event,
Interval, and Last Event boxes will be active. You define the change in the

Equation box.

3

b. In the Duration pane, select Instantaneous. The Change Conditions dialog box

will appear as follows:

Change Conditions

T Frst/5trt Interwval Last/S5top Equation

Hel
4;1' E quation:

<aSave
o Editcy
<{gAdd O

I@Deh‘:h&

r— Dwration:

" Continuous

Start:l
Sh:np:l

% |nstantaneous

First event:l
Interval:l
Lazt Event:l

Done I Cancel | I
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c. In the First event box, type “1.001”.
d. In the Interval box, type “1”.
e. Inthe Last Event box, type “13.001”.

f. In the Equation box, type “q23=0".

g. Click Add. The Change Conditions dialog box will appear as follows:

Change Conditions

T Frst/5trt Interwval Last/S5top Equation

<aSave

o Editcy

<o Add O

I@Deh‘:h&

Hel
4;1' E quation:

r— Dwration:

" Continuous

Start:l
Sh:np:l

% |nstantaneous

First event: I 1.0
Interval: I 1
Lazt Event:l 13.001

Done I Cancel | I q23=0

h. Click Done.

i [nstantaneous Change Conditions. Why do we enter the first event at 1.001? The

reason is that the urine collections last for 24 hours, 1 day. The container is emptied
after the volume and concentration of radioactivity are measured. Thus the actual
event of emptying the container takes place slightly after the actual sample. Adding

0.001 to each day will accommodate this. The equation “q23 = 0” will reset the value
of Compartment q23 equal to zero at the specified time point. SAAM II will stop
integration at, for example, 1.001, reset q23 equal to zero, and continue integrating.

e
¥

i

5. View the model parameters. The parameters have been entered as part of the study file.

The Parameters dialog box is shown below:
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_iEix

Name | Type | Current | LowLimit |  High Limit |
frac Adi 0.5000 0.1000 0.9000
k(2,3) Adi 0.0800 0.0030 0.8000
k(3,2) Adi 0.2000 0.0200 2,0000
k(12,1) Adi 0.5000 0.0500 5.0000
k(13,2) Adi 0.1000 0.0100 1.0000
k(13,12) Adi 1.0000 0.1000 10.0000
k(23,13) Fix 2.5000

vol Adi 3000.0000 300.0000  30000.0000

Name: frac Value: | D.50000000 {]:lEditI:J;I
Type: (" Fixed Low Limit: [ 0. 10000000 A
&+ adjustable SSaye

High Limit: |n.'an|:||:u:|n|:||:|

Adjust value:

i
-

Done I Cancel Help |

[™ Auto solve

Of note in the Parameters dialog box is the fact that frac, the parameter that distributes
the initial dose between the two plasma compartments, lies between 0.1 and 0.9; this
parameter cannot be less than zero nor greater than 1. The parameter k(23,13) is fixed
equal to 2.5. This is the fractional excretion rate from the body iodide pool,
Compartment q13; this parameter cannot be determined from the data, and is taken from
the literature where it is known that the total body i1odide pool turns over at
approximately 2.5/day.

6. Solve the model, and view the solution. The plot of s1:plasma will appear as follows (in
semi-log mode):
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105 T T T T T T

=10/]

£ L
1 (doys)

The plot of s2:ind_urine will appear as follows (the Y Axis scale has been set with
10000 and 2.0e+07 as the minimum and maximum respectively):

=101 ]

1 1 1 1 1 1 I 1 1 1 1 1 1 I T 1 1
7 37
10 = o irnd-urine  §
10%
107 -
1|:|'I1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
i 2 10 1% 14
1 (daovys)

8 Viewing the individual urine samples. In viewing the individual urine samples, you
can clearly see the effect of resetting q23 equal to zero; this is what produces the
saw-tooth curve. It is also important to note in these situations it is best to reset the

www.saam.com
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Minimum Number of Computation Intervals equal to 200 to improve the
resolution of the plot. This has been done in the study file. On the Compute menu, if
you click Settings, the Computational Settings dialog box will open. You can see
that the Minimum Number of Computation Intervals is set equal to 200. If you
reduce this and resolve the model, you will loose the resolution of the plot.

b

Leave the above plot of s2:ind_urine open.
7. Fit the model to the data, and view the solution.

a. The plot of s2:ind_urine will be updated as follows:

=101
T T T T T I T T T T T T 2' T T T
7 5
10 3 a ind-grine 3
10°
10°5 =
1':"‘1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 2 4 £ L 10 12 14
1 (doys)

In the linear mode, the plot will appear (the Y Axis minimum has been set equal to
Zero):
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=10/]

E+7
E-GI:I T T T T T T I T T T T T T I T T T T T T I T T T

57
a ind-urine

0.kO

o
[
T LI I LI I LI I LI T

D _GD 1 1 1 1 1 1 1 1 1 1
£ ]
1 (doys)

=
b2
=

10 17

—
f

Here you can see that q23 has been reset to zero at the appropriate times.

b. Plot sl:plasma. The plot will appear as follows (the Y Axis scale has been set to
autoscale):

=101 ]

£ 8
1 (daovys)

You can see that the model describes the data quite well.

Close the Plot window.
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c. View the statistics. The Statistics window will appear as follows:

Pstastis I [=[EY

Parameter,/Variakle Value S5td _Dev. Coef. of Var. 95% Confidence Interwal
frac 0.8201% 2Z.34551e-002Z 3.78133e+000 0.57222 0.888le =~
kiz,3) 0.08734 1.0&&87e-002 1.22153e+001 0.0&8552 0.1091e
k(3,2Z) 0.20581 2.69314e-002 1_.30858e+001 0.15072 0.28085
E(1Z,1) 0.453200 3.14822e-002 €.39471e+000 0.42768 0_55&35
k({l3,2) 0.089758 &.089%96e-003 &.220&81le+000 0.0B51e 0.1095%
k(13,612) 0.85333 1.00338e-001 1.01011le+001 0.7881z2 1.13855
kE(23,13) Z.50000 *% Fixged ++ *% Fixged *+* w% Fixged %% #& Fixed **

" Correlation Matrix

{~ Covariance Matrix

{* Objective

L

Total objectiwve

AIC
BIC

1._85515%e+001

5.444734e+000
5.642674e+000

Objectiwve Scaled Data Variance
52 : ind urine 5.2343Z3%e+000 5_Z25007%3e-002
51 : plasma 7.317263e+000 1.1700&2e—-001

I;I<_I_IL

ki

The statistical information supports the model quite well also.
Close the Statistics window.

Quit the SAAM II Compartmental application. Do not save the changes to cc_instLDL.
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Working with Delays

Prerequisites

The prerequisite for this tutorial is having worked through the SAAM II introductory
tutorial, “Getting Started with SAAM II Compartmental.” It is recommended that you
have worked through the SAAM II tutorial “Saving and Restoring Solutions.”

What you will learn in this tutorial

The purpose of this tutorial is to show you how to how to create delays in your compartment
model. You will learn

e How to use the Delay tool in the Model Toolbox to create a delay (Part 1).
e How to use the Delay tool in the Model Toolbox to create a delay with split output (Part 2).
e How to create absolute delays (Part 3)

Files Required
Study Files: The study files for this tutorial are

delayl.stu
delay2.stu
delay3.stu

These file are included as part of this tutorial for convenience; you will actually create
these study files as part of the tutorial.

Data files: The data files for this tutorial are

delayl.dat
delay3.dat

Introduction

This tutorial focuses on how to create delays in your compartment model. In the SAAM 11
Compartmental application, there are two ways delays can be created. One way is to use the
Delay tool in the SAAM II Toolbox. The other way is to use a mathematical function called the
Heaviside function. The latter is an advanced modeling technique that should be used only in
specific instances when a nearly absolute delay is required; it is discussed in Part 3.

The Delay tool in the SAAM II Compartmental application creates delays automatically as a
series of compartments. The larger the number of compartments specified for the delay in the
Delay Attributes dialog box, the closer the delay will be to a true (absolute) delay, but the
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longer the computation time may be. The number of compartments in the delay is set by the
user. The delay time can be either fixed, when the attributes associated with the delay are
defined, or can be defined as a parameter that can be either fixed or adjustable.

Delays are usually required to describe physiological processes such as absorption, uptake
across cell membranes, or amino acid incorporation into proteins. The situation can be
represented schematically as follows:

input sample

7

delay

There is an input “upstream” from where the experimental samples are taken. The delay is
required when there is an actual delay in the appearance of the test substance in the
compartment from which samples are taken. The delay usually represents a composite of
metabolic activity, the details of which cannot be described from the actual data. This is why, in
most instances, delays represented by a series of compartments is appropriate.

The situation above is one where the delay is between the input and the sample site. There are
instances where material from the delay may actually pass to several compartments. An
example would be the measurement of amino acid incorporation into several proteins. The

situation for two outputs can be diagrammed as follows:

sample
O
input /

sample
O

delay

In this case, information on the split output must be provided; this is discussed in Part 2.

Delays implemented by a string of compartments actually represent a transfer function
corresponding to a probability distribution function. The distribution function has a mean and a
variance (standard deviation). The mean is the delay time, and the standard deviation is the
delay width which is a measure of the “sharpness” of the delay. The transfer rate constant
between compartments in the delay equals the number of compartments in the delay divided by
the delay time.
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What does this mean? The Delay Attributes dialog box associated with a delay in SAAM 11
appears as follows:

Delay Attributes

Delay Mumber: I 3 (1 to 9999)

Reference Name: |

Delay Time: | 1.00000000]

{Value or Variable)

Mumber of compartments: I 2

Transfer Coeffident: 2.00000000
Delay Width: 0.70710678

d(1,3) = 1.0 Done
Fractional Listribution, .. Cancel
Help

In this case, the delay number is “3”. The default values for the delay time and the number of
compartments in the delay are 1.0 and 2 respectively. Normally, as illustrated in this tutorial, the
delay time is set equal to a parameter.

Consider the following example:

kiz, 1y —m| 2

d(0,2)

This could illustrate the first steps of absorption where Compartment 1 could be the stomach
and Delay 2 could be the gut. If the number of compartments in the delay were set equal to 5,
internally the model would appear:

O ki{2,1) O k(3,2) O ki4,3) O k(5,4) O k{6,73) O

k{0, 6)

¥
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while if the number were set equal to 10, the model internally would appear:

@ k{12,11) ’@ k(13,12) v@ k{14,13) - k{15,14) @— k{16,15) °
k{17, 16)
@1— k{21,20} k(20,19) k{19,18) k{18,17)

k{0,21)

\

What is the difference, and what is the relationship between the delay time specified as part of
the delay attribute, and the actual delay time that is desired? That is, the “delay time” as the
transfer function mean, and the “delay time” actually required by the data may be different. This
is a function of how a delay as a string of compartments works.

Consider an experiment on these two models where a bolus of “100” is given respectively into
Compartments 1 and 11. Suppose k(2,1)=k(12,11)=0.05, and the delay time is 150. Then for a
the five compartment delay, the transfer rate constant equals 5/150, or .033 while for the 10
compartment delay, this is 10/150, or .0667. This is shown in the following figure:

3.33e-002

. 5.00e-002

exl

ex2

6.67e-002

6.67e-002

6.6Te-002 =3

6.67e-002

The actual delay is created by the material leaving the last compartment in the delay, q6 and
q21 respectively.
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For the five compartment delay, s1 is the total mass in the delay as a function of time while s2 is
the amount in Compartment q6; it is this amount that will appear in the next compartment of
interest in your model. A plot of the two is shown in the following figure:

B RI=E

51

-- s2

0 200 400 800
1 (minutes)

You can see that s1 has a slightly skewed distribution with a mean around 150. You can also see
that material starts to appear from Compartment 6 (measured by s2) at around 30 minutes.
Thus the “physiological” delay is about 30 minutes. The counterparts for the 10 compartment
delay are shown in the following figure:
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—l0jx]

=3

- st

BOC

{ (wvinutes)

You can see the mean of the delay is again at 150, but now the width is smaller (as shown in the
following figure). Material starts to appear from the last compartment in the delay (s4) at about
50 minutes.

Comparing the mass in the delay:
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s1

--- 33

1
200

1 (minutes)

400

1
800

The 10 compartment delay, s3, has a slightly narrower distribution.
the “physiological” delay as shown in the following figure:
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25

20

Bax lnix

=2

600

{ (minutes)

The difference in the appearance of material from the last compartment in the delay between the

5 and 10 compartment delay is quite dramatic.

In this tutorial, you will explore these phenomena in more detail so that you can better
appreciate the nature of a string of compartments as a delay tool, and know better how to select

the number of compartments.

www.saam.com
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Part 1. Working with the delay tool — Single output from the delay

In this part of the tutorial, you will create and work with the following model:

kig,3) =i 4 fr i1, 4) ki{2,1) ,
2L kil,2)

kiD, 1)

L e
¥

In the model shown above, Compartment 1 represents plasma and Compartment 2 represents an
extra-plasma compartment. Thus, the “system” model, from the point of how the substance is
metabolized in the body, is represented by these two compartments. Compartment 3 is the
compartment into which the test substance, for example a drug, is administered. If the
administration of the drug is oral, Compartment 3 can represent the first part of the
gastrointestinal system. The Delay 4 represents passage and absorption of the drug through the
gut. Since there is no loss from either Compartment 3 or Delay 4, it is assumed that the drug is
completely absorbed (100% absorption).

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Create the model.
a. Create the following part of the model.

k(2,1)
k(1,2)

E(0,1)

b. Add the delay and transfer from the delay to Compartment 1.
(1) In the SAAM II Toolbox, click Delay.
(2) Click on the Drawing Canvas where you would like the delay to be located.

(3) In the SAAM II Toolbox, click Flux
(4)Click on Delay 3 and then Compartment 1; the transfer d(7,3) will be created.
Your model will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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41,13 k(2,1
k(1,2)

ki(0,1)

al o

i Transfers from delays. Transfers from delays are denoted by “d(i,j)” instead of “k(i,j)”.
The reason is that all material entering the delay eventually will leave the delay.
Thus the d(i,j) represents a fraction of material moving along this pathway. In the
model shown above, d(1,3) equals “1” because this is the only route by which
material can leave the delay. If there were, for example, two routes by which
material could leave the delay (as illustrated below in Part 2), the two d(i,j) would be
numbers between 0 and 1, but the sum of the two would equal 1. An actual rate
constant k(1,3) will be calculated internally by SAAM II; this value is available as
output following a Solve or Fit. The value is the sum of the rate constants connecting
the compartments in the chain representing the delay.

c. Change the number of the delay from “3” to “4”.

(1) Double-click Delay 3 to open the Delay Attributes dialog box. The dialog box
will appear as follows:

Delay Attributes
Delay Mumber: I 3 (1 to 9999)

Reference Name: |

Delay Time: | 1,00000000|
(value or Variable)

Mumber of compartments: I 2

Transfer Coeffident: 2.00000000
Delay Width: 0.70710678

d(1,3) = 1.0 Done
Fractional Riskribution, .. Cancel
Help

(2) Change the Delay Number from “3” to “4”.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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(3) Click Done. Your model will appear as follows:

dil,4) ki2 1
Neleicn ) &4 2

ki(1,2)

k(0,1)

d. Add Compartment 3 and transfer k(4,3) to your model.
(1) In the SAAM II Toolbox, click Compartment.
(2) Click on the Drawing Canvas where you would like Compartment 3 located.
(3) In the SAAM II Toolbox, click Flux.

(4) Click on Compartment 3 and then Delay 4. The transfer k(4,3) will be added to
your model which should appear as follows:

— xie,3) —w] 4 | 4L 21 2
O Batita k(1,2)

kiD,1)

1
¥

3. Create the experiment on the model.

a. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes dialog
box will open.

b. Change the entry in the Units box from “minutes” to “hours”.

c. Type “60” in the End At box. The Experiment Attributes dialog box will appear as

follows:
Experiment Attributes
Independent Variable: I t
Lnits: I hours

Start at: I 0.0

End at: I &0

Done I Cancel | Help
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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d. Click Done. The Create Experiment dialog box will open as shown below:

Create Experiment il
Mew MName:

Type: Experimentl System I

| Create I Cancel | Help |

Be sure Experiment is selected (as indicated by “Exper” in the New Name box).

e. Click Create. Your model will appear as follows:

k4,3 — _dd L di1,4) k(2,1
OO0 ki1,

ki, 1)

4. Add the data to the model

a. On the Show menu, click Data, or alternatively, on the SAAM II Toolbar, click

Data %~ The Data window will open.

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

c. Double-click delayl.dat. The data in this file will appear in the Data window as
shown below:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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o)
—_—

DATA =]
#time in hours; conc in mg/ml

(FSD 0.1)

t Conc

0.5 7.24

0.75 11.75

1 14.21

1.5 17.50

2 17.20

3 12,12

4 1.27

5 4.87

B 3.18

9 1.25

12 0.80

13 0.31

24 0.23

36 0.11

48 0.05

o0 0.03

EMD

|

w

Kl _*I_I
Data Format is okay

d. Close the Data window.
5. Create the input and sample
a. Inthe SAAM II Toolbox, click Input.

b. On the Drawing Canvas, click Compartment 3, and then click on the canvas. The
input ex1 will appear associated with your model.

c. Double-click ex1. The Exogenous Input dialog box will open.
d. Type “400” in the Initial Amount box.

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

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Exogenous Input x|

Mame: I exl Reference I Units: I

Type Initial Constant Start Stop Repeat Every Mr. Repeats

Bolus 400.000

Input Type: — Initial Amount: | 400 —Save IQ

f* Bolus Comstant Rate: I —

- i |— i
Infusion Ewvent Start: <}:I Edit I:Jj

™ Primed Infusion

o Event Stop: I thdlé}

Repeat Every: I
Nr. of Repeats: I Delete I‘&,

Equation: | exl =

Split Imput, ., | | Done I Cancel | Help |

f. Click Done.

g. In the SAAM II Toolbox, click Sample.

h. On the Drawing Canvas, click Compartment q1, and then click on the canvas. The
sample s1 will appear associated with your model.

i.  On the Drawing Canvas, double-click s1 to open the Sample Attributes dialog
box.

j.  Type “conc” in the Associate with Data Name box.

k. Edit the sample equation to read “s1=q1/Vc” in the Equation box. The Sample
Attributes dialog box will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Sample Attributes X|

Mame: s1
Units: I
Assodate with Data Mame: I cond|
Equations:
sl =gl ;I
=
Done I Cancel Help |
1. Click Done.
6. Enter the parameter values as shown below:
|} Parameters -10] x|
Mame | Type | Current | Low Limit | High Limit |
Ve Adi 15,0000 5.0000 100.0000
k(D,1) Adi 0. 5000 0.0500 5.0000
k(1,2) Adi 0.0500 0.0050 0.5000
k(2,1) Adi 0. 1000 0.0100 1.0000
k(4,3) Adj 1.0000 0.1000 10,0000

MName: k'(q'l'r‘j] ualue: I 1 {::I Edit &
Type: " Fixed Low Limit: I[],]DD[][JUD[]
* Adjustable :lSaveé}

High Limit: | 10,00000000

Adjust value:

A
_|

Done I Cancel Help

[T Auto solve

7. Work with the delay tool

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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At this point, your model is specified except for information about the delay.
Information about the delay is specified in the Delay Attributes dialog box which is
accessible only in the Model mode.

The Delay Attributes dialog box is shown below:

Delay Attributes

Delay Mumber: I 4 {1t 9999)

Reference Name: |

Delay Time: I 1.00000000

{Value or Variable)

Mumber of compartments: I 2

Transfer Coeffident: 2.00000000
Delay Width: 0.70710678

d{1,4) = 1.0 Done
Fractional Listribution, .. Cancel
Help

The boxes in which information can be entered are:
Delay Number: Here you can specify the number you want associated with the delay.

Reference Name: You may add a reference name if you wish; this will appear
associated with the delay in the same manner reference names appear with
compartments.

Delay Time: The delay time can be specified here numerically if you know the exact
time of the delay. It can also be specified as a parameter. For example, if you
changed “1.0000000” to “deltime”, deltime (delay time) would be interpreted by
SAAM II as a parameter which would appear when you open the Parameters dialog
box.

Number of Compartments: You can specify the number of compartments in the delay.
The more compartments in the delay, the “sharper” the delay, but the more time it
will take to solve your model.

Fractional Distribution: When there is only one pathway leaving the delay, this box is
dimmed. If there is more than one pathway leaving the delay, the fractional delay is
active. As described in Part 2, you must specify the characteristics of the split delay
if there 1s more than one pathway leaving the delay.
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a B

¥ Technical information about delays. The delay represents a transfer function
corresponding to a probability distribution; the distribution has a mean and variance
(standard deviation).

The mean is the delay time and the standard deviation is the delay width (measure of
the sharpness of the delay).

The transfer coefficient equals the number of compartments in the delay divided by
the delay time. In the above example, this is “2” divided by “1” which equals “2”.
Thus the transfer coefficient is reported as “2”

The delay width equals the square root of the delay time divided by the transfer
coefficient. In the above example, this is the square root of 2 which equals
0.70710678.

a. Set the time of the delay equal to a parameter.

This tutorial will not work with delays where the exact time value is known. If this
were the case, simply enter the time of the delay in the Delay Time box, and enter
the number of compartments in the delay in the Number of compartments box.

(1) In the SAAM II Toolbox, click Model to activate the Model tools.
(2) Double-click Delay 4 to open the Delay Attributes dialog box.

(3) Change “1.0000000” to “tlag” in the Delay Time box. The Delay Attributes
dialog box will appear as follows:

Delay Attributes
Delay Mumber: I 4 (1 to 9999)

Reference Name: |

Delay Time: | tlag|

{Value or Variable)

Mumber of compartments: I 2

Transfer Coeffident:

Delay Width:
d{1,4) = 1.0 Done
Fractional Distribution, .. Cancel
Help
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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(4) Click Done.

al E]

1. The delay attributes dialog box. Remember the Delay Attributes dialog box can be
opened only when you are in the Model mode. If you are in the Experiment mode
and double-click on a delay, the following message will appear on the Drawing
Canvas:

SAAM II Compartmental x|

There are no additional DELAY attributes applicable to an
l 4% experiment, Return to MODEL mode and double-dick the DELAY
to define the global attributes.

Click OK, and return to the Model mode.

W=y
Ty
"

al o

8. The delay time as a parameter. When you change the time of the delay from a number
to a name, the name will appear as a parameter. In this case, tlag will appear when
you open the Parameters dialog box. The time of a delay can be either a fixed or an
adjustable parameter.

b. Work with the delay time.

In this part of the tutorial, three simulations will be run using different times for the
delay. Remember the number of compartments in the delay is set at the default value
“2”. Each simulation will be saved, and a final plot comparing the three will be
created.

(1) In the Show menu, click Parameters, or alternatively, on the SAAM 11
Toolbar, click Parameters H The Parameters dialog box will open.

(2) Double-click tlag to select it. Type “1” in the value box, and click Save. The
Parameters dialog box will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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1l Parameters O] x|
Name | Type | Current | LowLimit |  High Limit |
Vi Adi 15,0000 5.0000 100.0000
k{0, 1) Adi 0.5000 0.0500 5.0000
k(1,2) Adi 0.0500 0.0050 0,5000
k(2,1) Adi 0,1000 0.0100 1.0000
k(4,3) Adi 1.0000 0.1000 10.0000
tlag Adi 1.0000 0.1000 10.0000

Mame: tlag Value: I ) {:ZIEl:litlil
= " Fixed Low Limit: ||:|, 10000000 IQ
% Adjustable 1 Save

High Limit: | 10.00000000

Adjust value:

o~
i

Done I Cancel Help |

[™ Auto solve

(3) Click Done.

(4) In the Compute menu, click Settings. The Computational Settings dialog box
will open. In the Min. Nr. of Calculation Intervals box, change “20” to “200”.
The Computational Settings dialog box will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Min. Mr. of Calculations Intervals: | (1 to 500)
~ Integrator

¥ Uze Relative Error:
- | 0.00100000
Runge+utta {1.0e-10 to 1.0)

[~ use Absolute Error:

[T Compute Sample AUC's {greater than 0.0)
~ Optimizer
Max. Nr. of Fit Iterations: Iﬂ {0 to 50)
Variance Model ———— [ Derivative
% Data " Absolute %+ Forward
" Model + Relative " Central

Convergence Criterion: I 0,00010000

(1.0e-7 to 1.0)
[ Indude Bayesian Term

[Lambda; I 10, 00000000 (1,027 ko 1,027

[ save Results to Text File

Level——— File————
| Basic " Replace
" Detaled ) add
Al

Done I Cancel | Help |

Click Done. (Remember increasing the calculation intervals will give better
resolution to the plots).

(5) In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar,

click Solve ==l

(6) In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click

Plot @ The Plot and Table Variables dialog box will open. Be sure the List
All Variables check box is selected.

(7) Click s1 to move this to the Current Selection pane.

(8) Click Done. The plot will appear as follows (the maximum for the Y Scale has
been set equal to “12”)
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=10|x|

31

]

0 20 40
t (hrs)

[
=

(9) In the Compute menu click solutions. The Solutions dialog box will open. Click
Add. The Solutions Variables dialog box will open. Scroll through the list, and
select s1. The two dialog boxes will appear as follows:

x

Select Variables whose values are to be

Mame Prefix: ex Linfusion -

I flux(D, 1) _I
Solutions: Sol | fiux(1,2)
| flux(1,49)
flux(2, 1)
flusx(4,3)
k({0,1)
k(1,2)
k(1,4)
k(2,1)
k{4,3)

—Current Solution

Add... |

Restore Selecked |
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Click Done. The Solutions dialog box will appear as follows:

Psowors JRI=EY

Mame Prefix: I

Solutions:

Solution Variables:

1

— Current Solution

Add...

Restore Selecked

Close the Solutions dialog box.

(10) Set tlag equal to “10™. Set the Upper Limit for tlag equal to “50”. Repeat the
above steps saving the solution as solution number “2”. The plot will appear as
follows:

12

10

=10l ]

31

L]

20

40

=]
—

1 (hra)
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Notice the peak is not as high as when the delay was equal to “1”. This is due to
a combination of only two compartments in the delay, and the length of the
delay time.

(10) Set tlag equal to “20”, and repeat the above steps saving the solution as solution
number “3”. The plot will appear as follows:

=10/ x]

1? T T T T T T T T T
31

10

2]
IIIIIIIIIIIIIIIIIIIIIII

L]
ha
[
b
[
(o]
[

1 (k)

(11) Plot all three simulations simultaneously. With the plot window open, in the Set

menu, click Plot/Tables Variables; click the select variables button Sﬁ ;
right-click in the plot window and select variables. The Plot and Table
Variables dialog box will open. Be sure the List All Variables check box is
selected. Select s1{1}, s1{2} and s1; the Plot and Table Variables dialog box
will appear as follows:

or
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Plot and Table Variables X|
Variables for Y-Axis X-Axis | t
flux(1,2) -
flux(1,4) J
Eﬂ:ﬁ’% Select up to 10 Y-Axis
kio 1}.I Variables in List.
k{1,2)
k(1,4
tﬁi% Current Selection :
51
s1{1}
142}

51 res

51_wres
t —
tlag -

I List all Variables
Done I Cancel Help

Click Done. The plot will appear as follows:
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Close the Plot window.
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00

8. The delay time. For a given number of compartments in the delay, the longer the delay

time, the less “pronounced” the delay will be. This is the result of the way the
transfer between compartments in the delay is calculated.

The transfer coefficient equals the number of compartments in the delay divided by
the delay time. In the above example, this is “2” divided by “1”, “10” and “20”
which equals “2”, “0.2” and “0.01” respectively. The material is slower passing
through the delay as the delay time increases.

The delay width equals the square root of the delay time divided by the transfer
coefficient. This also increases as the delay time increases.

Work with the number of compartments in the delay.
In this part of the tutorial, the effect of the number of compartments in the delay will
be investigated. Remember the number of compartments in the delay equals “2”.
Leave all parameters as set previously; leave tlag equal to “20”. The Parameters
dialog box should appear as follows:
i
Marne | Type | Currentl Low Limitl High Limitl
Ve Adj 15.0000 5.0000 100.0000
k(0,1) Adj 0.5000 0.0500 5.0000
k(1,2) Adj 0.0500 0.0050 0.5000
k(2,1) Adj 0.1000 0.0100 1.0000
k(4,3) Adj 1.0000 0.1000 10.0000
tlag Adj 20.0000 0.1000 50.0000
M :
ame: Ve Value: [ 15.00000000 <SEditc?
Type:  Fixed Low Limit: [ 5.00000000 ,Q
¥ Adjustable - Save
High Limit: | 100.00000000
Adjust value:
—
[T Auto solve
Done I Cancel Help
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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(1) In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar,

click Solve ===,

(2) In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click

Plot @ The Plot and Table Variables dialog box will open. Be sure the List
All Variables check box is selected.

(3) Click s1 to move this to the Current Selection pane.

(4) Click Done. The plot will appear as follows (remember the maximum for the Y
Scale has been set equal to “12”)

=101

1? 1 1 1 1 T 1 1 1 1
31

10

(=]
IIIIIIIIIIIIIIIIIIIIIII

L]
]
[
I
[
(=]
[

1 (hrs)

(5) In the Compute menu click solutions. The Solutions dialog box will open. Click
Add. The Solutions Variables dialog box will open. Scroll through the list, and
select s1. The two dialog boxes will appear as follows (remember you already
have saved solutions — this will be solution “3”):
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x
M Select Variables whose values are to be
e saved with the Solution @
Mame Prefix: | flux(0, 1) ﬂ

Solutions: Solutic |fux(1,2)
flux(1,4)
1 flux(2,1)
2 flux(4,3)
k{0, 1)
k(1,2)
k(1,4)
k{2,1}
k(4,3)

gl
g2

EE -
51 _res

s1 wres ll
—Current Solution ——————————— Done I Help

Add... |

Restore Selected

Click Done. The Solutions dialog box will appear as follows:

i
Mame Prefix: |
Solutions: Solution Variables:
1
2
3
—Current Solution
Add... |
Restore Selecked |

Close the Solutions dialog box.
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(7) In the SAAM II Toolbox, click Model to return to the Model mode.

(8) Double-click Delay 4 to open the Delay Attributes dialog box. Change the
number of compartments in the delay from “2” to “5”. The Delay Attributes
dialog box will appear as follows:

Delay Attributes
Delay Mumber: I 4 (1 to 9999)

Reference Name: |

Delay Time: | tlag

{Value or Variable)

Mumber of compartments: I g

Transfer Coeffident:
Delay Width:

di14) =1.0 Done

Fractional Listribution, .. Cancel

Help

Click Done.

(9) Solve the model and view the solution. The plot will appear as follows:

= piot =10| |
1 ? 1 T 1 1 1 1 1 1 1
B 31 i
10l J
Bl ]
gl ]
Al ]
N -
D B 1 1 | 1 1 1 1 N
0 20 40 B0
1 (hrs)
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(10) Save s1 as solution “4”.

(11) Set the number of compartments in the delay equal to “10”. Solve the model,
view the solution, and save the solution as solution “5”. The plot will appear as
follows:

=10/x]

12 T T T T T T T T T
31

10

(=3}
IIIIIIIIIIIIIIIIIIIIIII

e
(=)
=

1 (hra)

(12) Repeat the previous step with the number of compartments in the delay set equal
to “20”. The plot will appear as follows:

=101 ]

12 1 1 1 1 T 1 1 1 1
31

10

(=2}
IIIIIIIIIIIIIIIIIIIIIII

e
(=2}
[
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(13) Compare all four simulations. With the Plot window open, in the Set menu,
click Plot/Tables Variables. In the Plot and Table Variables dialog box,
select s1{3}, s1{4}, s1{5} and s1. The Plot and Table Variables dialog box will
appear as follows:

Plot and Table Variables x|

Variables for Y-Axis X-Axis | t

flux(4,3) -
k(D, 1) _I

k(1,2 .
kEL“; Select up to 10 Y-Axis

k{2, 1) Variables in List.
k(4,3)

Current Selection :

51

g1 43}
s1 {4}
5145}

Cancel Help

Click Done. The plot will appear as follows:

= plot =101 x|
1 2 T T T T T T T T T
B 51 i
- === 3113 -
10 === 31 14 —
C =-=-31 15 ]
sl N
s N
A ]
2l ]
L. i
l:l r
0 60
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a B

8. The number of compartments in a delay. For a given delay time, the more
compartments in the delay, the “sharper” the delay will become. This is the result of
the way the transfer between compartments in the delay is calculated.

The transfer coefficient equals the number of compartments in the delay divided by
the delay time. In the above example, this is “2”, “5”, “10” and “20” divided by
“20”. The material is faster passing through each compartment in the delay as the as
the number of compartments increases.

==

d. Solve the model, and fit the model to the data.
(1) Set the value for tlag equal to “1” with a minimum and maximum respectively
equal to “0.1” and “10”.
(2) Set the number of compartments in the delay equal to “5”.
(3) Solve the model, and view the solution. The plot will appear as follows (the Y
Scale maximum has been set equal to “20”):
=101
EI:I T T T T T T T T T
i < i
L3 o conc i
151 _
o .
o |
100 -
p i
5L ]
| 1 1 a_| o F ] FY )
| 20 40 E0
1 (hrs)
(4) In the Compute menu, click Fit, or alternatively, on the SAAM II Toolbar click
Fit _"-_-] The plot will be updated as follows:
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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=k

-ll:-:ll:l T T T T T T T T T

31
a cono

15

10

40

=]
—

1 (hra)

(5) View the details of the initial rise and fall. In the Set menu, click Plot/Table
Scale. The Plot and Table Scale dialog box will open. Set the X Axis maximum
equal to “5”. The Plot and Table Scale dialog box will appear as follows:

Plot and Table Scale x|

Minimum Maximurn
X Axis
" AutoScale IIII.III |.5.|:|,|:||:||:||:||:||:|.:|.:|
i+ set [0.0 E
—Y Axis
" AutoScale | 0.0 [ 17.50000000
(* Set [0.0 | 20.00000000

Done I Cancel | Help

Click Done. The plot will appear as follows:
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-0l
-ll:-:ll:l T T T T T T T T I T T T T T T T T I T T T T
L =1 4
i o a a conc ]
sh b
. a i
100 -
5l !
CI_ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i
Q 1 4 5
1 (hra)

You can see the effect of the delay in the initial portion of the curve. What is the
effect of the number of compartments in the delay in this situation? If you
increase the number of compartments to “20”, the plot will appear as follows:

-8 >]
EI:I T T T T 1 T T T I T T T T T T T 1 I T T T T
L 21 4
i o a O conc ]
151 _
I a i
100 -
5[ :
|:|_ 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i
Q 1 4 5
1 (hrs)

The value for tlag is approximately 0.3, so you can see with the number of
compartments equal to 20, the delay is approaching an absolute delay.
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(6) View the statistics. In the Show menu, click Statistics, or alternatively on the

SAAM II Toolbar click Statistics Z_?] The Statistics window for the 5 delay
compartment model will appear as follows:

bl Statistics

=101 %]

Parameter/Variasble Value Std.Dev. Coef. of Var. 55% Confidence Interval
Ve 14.67507 1.32154e+000 S.00532e+000 11.72050 17.61564 -
k{0,1) 0.37132 2.82127e-002 7.55801e+000 0.3084¢ 0.43418
kil z) 0.07132 4.ell3ge-003 &.46571e+000 0.0&8105 0.081&s0
k(Z,1) 0.0&8e70 9.27517e-003 1.3505%e+001 0.04803 0.0a737
ki4,3) 1.8215%4 4.015%8le-001 Z.4783%e+001 0.72827 2.517&81
tlag 0.30005 5.772Zle-002 1.352374e+001 0.17144 0.4Z8c6¢%
————————————————————————————————— Derived Variskbleg ----——1—1"—H—"—"H"7""—""—""—""—"""--"—- _J
" Correlation Matrix " Covariance Matrix {* Objective
Objective Scaled Data Variance -
5l : conc —Z.9742Z22e+000 1.017008e+000
Total cbkjective —-2.87422Z2e4+000
AIC -1.3067Z8e-001
BIC 3.B33114e-002 -
Kl _’|_I
Scrolling to reveal all of the values:
Ve 14_67507 1.32154e+000 9._00532e+000 11.73050 17.61384
E{O,1) 0.37132 Z.82127e—-00Z2 7.59801e+000 0.3084% 0.43418
Ei(l,2) 0.07132 4_.61136e—-003 &_.48571e+000 0.08105 0.081s0
iz, 1) 0.08870 S_27517e—-003 1.35905%=+001 0.04603 o_.0oB7av
kid,3) 1.68215%4 4._01538le-001 2_.47835%=+001 O_7Z827 2.51761
tlag 0.30005 5.7722le-00Z 1.32374e+001 0.17144 0.42866
————————————————————————————————— Derived Variables ————————————————————————————
ki(l,4) 16.66383 3.20572e+000 1. 33378e+001 3.52103 2380863
The statistics for the model and data are satisfactory since the largest coefficient
of variation is just under 25%. Notice, however, the derived variable k(1,4).
There 1s no k(1,4) in the model; there is a d(1,4) for the delay. The value for
k(1,4) is the value for the rate constants in the delay, and equal to the transfer rate
constant from the last compartment in the delay to Compartment 1.
It should be noted that the statistics will change a little if you change the number
of compartments in the delay. The largest change will normally be in k(7,4)
whose numerical value is a function of the number of compartments in the delay.
- =

i How many compartments in a delay. The number of compartments in a delay is an
integer, and cannot be specified as an adjustable parameter. The number of
compartments is set by the user, and can be determined by simulating which number

www.saam.com
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provides the most reasonable description of the data. You need to be sure that the
number of compartments in the delay does not have a substantial effect on the model
parameters. For example, in the above if the number of compartments in the delay is
set at “20”, the statistical information is:

-1 x]

Parameter/WVariable Value Std_Dev. Coef. of Var. 535% Confidence Interwval
Vo 14.&27822 1.35130e+000 S_.210Z4e+000 11.&&e00 17.89044 -
ki{0,1) 0.37261 Z.88638e-002 7.74738e+000 0.30823 0.438594
kil,z) 0.07144 4_86457e-003 €.52338e+000 0.0&105 0.081&3
kiz2,1) 0.08732 9.4639383e-003 1.40&88le+001 0.04822 0.0BE842
kid,3) 1.55682 3.45860e-001 Z_.2Z215%9e+001 0.78el3 Z2.32744
tlag 0.Z9254 4_.75458e-002 1.€25Z%e+001 0.lBes0 0.33848
————————————————————————————————— Derived Wariables -———————————————————————————————— _J
-
™ Correlation Matrix ™ Covariance Matrix ¥ Objective
Objective Scaled Data Variance e

-Z.95123Ze+000

—-2.895123Ze+000

31 : conc 1.0408&0e+000

Total ckjectiwve

ATC -1.151773e-001 —
BIC 4_5B8Z64%e-002

i o

Scrolling to reveal all of the values:

Vi 14 87822 1.3513%0e+000 5_21024e+4+000 11 .66c00 17.65044
E{O,1) 0.37Z6l Z_B8B&98e—-002Z2 T.74T798e+000 0_.30B239 0.43554
kil,2) 0.07144 4.66457e-003 6.52336e+000 0.06108 0.08183
kiz,1) 0.06732 9.46333e-003 1.4086le+001 0.04622 0.08842
ki4,3) 1.55682 3.45860e-001 2.22159e+001 0.78613 2.32744
tlag 0.29254 4.75458e-002 1.62529e+001 0.18660 0.39848
————————————————————————————————— berived Varisbleg --------------————"—"("#+-4—+"—"""-"""—"-
Eil,4) e8.36737 1.11118e+001 1.&82531e+001 43 _a08&8 53.12807
You can see there is essentially no difference except in the value of k(/,4) which,
because the number of compartments is different, should be different.
g

(7) Close all open windows and dialog boxes.

(8) Quit the SAAM II Compartmental application. You may save the study file if
you wish. Note that it is provided as part of this tutorial as delay1.stu.

A Note about Solution Names:

Although the Solution # tacked onto the name prefix cannot be controlled, the user can specify
the Name Prefix each time a solution is saved. An illustration of this use: In the previous
example, the Solution names could have been specified as Lagl 1, Lagl0 1, Lag20 1,C5 1,
C10_1, C20 1, and the last two solutions could have been saved as FitC5_1 and FitC20 1.

© 2011 University of Washington and The Epsilon Group
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Part 2. Working with the delay tool — Split output from the delay

This part of the tutorial assumes you have worked through Part 1, and hence are familiar with
the role of delay time and the number of compartments in the delay.

In this part of the tutorial, you will create and work with the following model:

dil,4)

kg, 3) —ed 4 kil,1)

di2, 4

kiD,2)

In the model shown above, Compartments 1 and 2 represent two distinct plasma compartments
of the test substance introduced into the system. Thus, the “system” model, from the point of
how the substance is metabolized in the body, is represented by these two compartments.
Compartment 3 is the compartment into which the test substance, for example a drug, is
administered. If the administration of the drug is oral, Compartment 3 can represent the first part
of the gastrointestinal system. The Delay 4 represents passage and absorption of the drug
through the gut. Since there is no loss from either Compartment 3 or Delay 4, it is assumed that
the drug is completely absorbed (100% absorption). The two plasma compartments in this
situation could be interpreted as a drug and a metabolite of the drug where conversion takes
place during the absorptive process.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Create the Model shown above.

3. Double-click Delay 4 to open the Delay Attributes dialog box. The Delay Attributes
dialog box will open as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Delay Attributes
Delay Mumber: I a {1t 9999)

Reference Name: |

Delay Time: I 1.0000000

{Value or Variable)

Mumber of compartments: I 2

Transfer Coeffident: 2.00000000
Delay Width: 0.70710678

Done

Fractional Distribution. .. Cancel

Help

Notice unlike the situation in Part 1, the Fractional Distribution check box is active.
This is because there are two outputs from Delay 4.

4. Set the Delay Attributes.

a. Change the Delay Time from “1.000000 to “timelag”; timelag will become a model
parameter.

b. Change the Number of compartments from “2” to “10”.

c. Click the Fractional Distribution check box. The Delay Fractional Distribution
dialog box will open as shown below:

Delay Fractional Distribution x|

d{1,4) = 1.0-d(2,4) A D
d(2,4)=d(1,4) |: _I m
Cancel |

;I Help |

Edit the equation “d(1,4) = 1.0-d(2,4)” to read “d(1,4) = frac”. Edit the equation
“d(2,4)=d(1,4)” to read “d(2,4)=1-frac”. The Delay Fractional Distribution dialog
box and the Delay Attributes dialog box will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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|||; I

Delay Fractional Distribution x|
Delay Mumber: I 4 {1

Reference Name: | d(1,4) = frac -] Done I
d(2,4) = 1-frac
Delay Time: Itimelag | Cancel |

(Value or Vz

Mumber of compartments: I 0
Transfer Coeffident: _I Hel
p |
e

Delay Width:
Done
Fractional Distribution... Cancel
Help

d. Click Done in the Delay Fractional Distribution dialog box, and then click Done in
the Delay Attributes dialog box.

a B

it Fractional distribution from a delay. When there is more than one loss from a delay,
you must specify the fractional distribution along each loss pathway. It is essential to
remember that the total fractional loss must equal 1. Thus when you specify the
fractional distribution, you must be sure the total equals 1. In the situation here,
d(2,4) is defined as a parameter frac; this parameter will appear in the Parameters
dialog box. The equation “d(1,4) = 1.0 — d(2,4)” will define d(1,4) in such a way that
“d(1,4) +d(2,4) = 1.” With two losses from a delay, making sure the sum of the
fractional output equals “1” is easy; with more than two losses, it requires more
bookkeeping.

5. Create the Experiment on the model.

a. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes dialog
box will open.

b. Change the entry in the Units box from “minutes” to “hours”.

c. Type “60” in the End At box. The Experiment Attributes dialog box will appear as
follows:
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Experiment Attributes

Independent Variable: I t

nits: I hours
Start at: I 0.0
End at: I 5|:||

Done I Cancel | Help

d. Click Done. The Create Experiment dialog box will open as shown below:

Create Experiment il
Mew MName:

Type: Experimentl System I

| Create I Cancel | Help |

Be sure Experiment is selected (as indicated by “Exper” in the New Name box).
e. Click Create.
6. Add the Data to the model

a. On the Show menu, click Data, or alternatively, on the SAAM II Toolbar, click
Data ,‘EI The Data window will open.

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

c. Double-click delayl.dat. The data in this file will appear in the Data window as
shown below:
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o)
DATA -
#time in hours; conc in mg,/ml
(FSD0.1)

t conc

0.5 7.24

0.75 11.75

1 14,21

1.5 17.50

2 17.20

3 12,12

4 727

5 4,87

=] 3.18

9 1.25

12 0.80

18 0.31

24 0,23

36 0.11

43 0.05

&l 0,03

EMD

w

Kl b

Data Format is okay

d. Close the Data window.
7. Create the Input and Sample in the Experiment window.
a. Inthe SAAM II Toolbox, click Input.

b. On the Drawing Canvas, click Compartment 3, and then click on the canvas. The
input ex1 will appear associated with your model.

c. Double-click ex1. The Exogenous Input dialog box will open.
d. Type “400” in the Initial Amount box.

e. Click Add. The Exogenous Input dialog box should appear as follows:
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Exogenous Input x|

Mame: I exl Reference I Units: I mag

Type Initial Constant Start Stop Repeat Every Mr. Repeats

Bolus 400.000

Input Type: — Initial Amount: | 400 —Save IQ

' Bolus Comstant Rate: ||:|,.:|

[ i .
fnfusien Event Start: | — | | <{~Edit =,

" Primed Infusion [ECE—

{~ Equation Ewent Stop: IIII.I:I — ﬁ

Repeat Every: I
Nr. of Repeats: I Delete I‘&,

Equation:

Split Imput, ., | | Done I Cancel | Help |

f. Click Done.

g. In the SAAM II Toolbox, click Sample.

h. On the Drawing Canvas, click Compartments q1 and q2, and then click on the
canvas. The sample s1 will appear associated with your model.

i.  On the Drawing Canvas, double-click s1 to open the Sample Attributes dialog
box.

j.  Type “conc” in the Associate with Data Name box.

k. Edit the sample equation to read “s1=(ql1+q2)/Vc” in the Equation box. The Sample
Attributes dialog box will appear as follows:
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Sample Attributes X|

Mame: s1
Units: I

Assodate with Data Mame: I cond|

Equations:

s1 = (ql+g2)/Vc N

Done I Cancel Help |

Click Done. The model will appear as follows:

d(l,4)
sl

k(4,3) — dd E(0,1)

{ d(2,4)

exl

k(0,2)

8. Check the Computational Settings; the Minimum Number of Calculations Intervals
should be at least 200 and the Minimum Number of Fit Iterations should be at least 20.

9. Enter the Parameters values as shown below:
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_iEix

Name | Type | Current | LowLimit |  High Limit |
Vi Adi 15.0000 5.0000 100.0000
frac Adi 0.5000 0.0100 1.0000
k(o,1) Adi 0.5000 0.0500 5.0000
k(0,2) Adi 0.0500 0.0050 0.5000
k(4,3) Adi 1.0000 0.1000 10.0000
timelag Adi 1.0000 0.1000 10.0000

Mame:  timelag Value: [ 1 <::|Edit|:J;|
Type: (" Fixed Low Limit: [ 0. 10000000 A
&+ adjustable SSaxe

High Limit: | 10.00000000

Adjust value:

"
i

Done I Cancel Help |

[™ Auto solve

It is important to notice the limits on the parameter frac; the value of this parameter
cannot exceed “1”, nor be less than zero.

10. Solve the model and view the solution.

a. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click

[
Solve ==l

b. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot

@ or right-click in the plot window and select Variables. The Plot and Table
Variables dialog box will open. Be sure the List All Variables check box is not
selected.

c. Click s1:conc to move this to the Current Selection pane.

d. Click Done. The plot will appear as follows (y-axis has been set to 20):
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=101.x]
‘?D T T T T T T T T T

51 7
[y a coho ]
150 _
Lo i
N i
10+ —
b ]
=[] N

] ]

1 (hoursh

10. Fit the model to the data, and view the solution.

a. Inthe Compute menu, click Fit, or alternatively, on the SAAM II Toolbar click Fit
!'J.u]. The plot will be updated as follows:

=10/ ]

EI:I T T T T T T T T T

31
a coho

15

10

=2}
=

40
1 (hoursh

b. View the statistics. In the Show menu, click Statistics, or alternatively on the

SAAM II Toolbar click Statistics i_% The Statistics window will appear as
follows:
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M=

™ Correlation Matrix

™ Covariance Matrix

{* Objective

Parameter/Variakle Value Std_Dev. Coef. of Var. 895% Confidence Interwval

ki4,3) 1.57193 3.57695e-001 2_27552e+001 0.77453 Z2.38892 ‘:J

timelag 0.29207 4.928l17e-002 1.&B86e2e+001 0.18231 0.40154

————————————————————————————————— Dersared ariahilea —————

dil,4) 0.9e796 32.98527e-003 4.11717e-001 0.85508 0.97&884

diz, 4) 0.03204 3_98527e-003 1_2435%0e+001 0_.0231& 0.04082

ki(l,64) 33.14097 5.603%80e+000 1.63271e+001 20.84155 45 _ 54040

kiZ,q) 1.096593 Z2.14481e-001 1.39552%e+4001 0.e8l1504 1.57482 _J
-

31 : conc

BAIC
BIC

ki

Total ocbjectiwve

Objectiwve
—Z.954870=+000

—-2.554870e+000

-1_Z05%c4e-001
4_800743e-002

Scaled Data Variance
1.03€881e+000

DS f—

To obtain this figure, you must scroll down thru the Parameter/Variable pane so
that the derived variables are shown. The parameter d(1,4) equals frac; d(2,4) equals
“1 — frac.” The rate constants k(1,4) and k(2,4) are the rate constants from the last
compartment in the delay to Compartment 1 and Compartment 2 respectively. The
sum of these rate constants equals the rate constant connecting the other

compartments in the delay.

Here is the entire Parameter/Variable Pane

Ve

frac
E{d,1)
ki{0,2)
k4, 3)
timelag

dii,4)
d(z,4)
kil,4)
k(z,4)

14_&8554
0.9875%6
0.451&3
0.05873
1.57153
0.25207

0.9875%6
0.03204
33.14057
1.056353

1.34445e+000
3.58527e-003
3.75533e-002
3.11748e-003
3.57635e-001
4_52517e-002

Derived Variables

3.98527e-003
3.98527e-003
5.60580e+000
Z2.144581e-001

11. Close all open windows and dialog boxes.

9.15457e+000
4.11717e-001
8.32516e+000
5.30273e+000
Z.27552e+001
1.&88ec2e+001

4.11717e-001
1.2435%0e+001
1.685271e+001
1.5552%e+001

11._&5032 17_&e815¢6
0.595508 0.57c84
0.3e78¢6 0.53541
0.05184 0.0&574
0.774353 Z_38832
0.18231 0.40184
0.595508 0.57c84
0.0231% 0.04052

20.84155 45.64040
0.81504 1.57482

Quit the SAAM II Compartmental application. You may save the study file is you wish. It is
provided as part of this tutorial as delay2.stu.
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Part 3. Specifying a delay using the Heaviside function

The Heaviside function

The Heaviside function is:
heaviside=0.5*(1.0+atan(lambda*(t - tlag))*2/3.141592653)

In this expression, “atan” is the arctangent function. The expression “t — tlag” acts as a switch.
For values of “t” less than “tlag” the value of the Heaviside function equals zero. For values of
“t” greater than “tlag”, the value is non-zero. The values of the Heaviside function are between
zero and 1. The parameter lambda controls the sharpness of the function, i.e. how close the
values lie “exactly” between zero and 1.

The following shows a series of simulations with lambda equal to “1” (s1{1}), “10” (s1{2}),
“100” (s1{3}) and “1000” (s1).

il
k- .
15[ _
10k _
5l i __
|:| N _l'-' ok -_l. —I— —-1=-~1- - C __r L 1 I 1 1 1 I 1 1 1 ]
{ 2 4 10
1 (k=)

To see how the Heaviside function works, the following is the table of values when lambda
equals 1000.
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_{olx!
| = =l
0. 000 0.000
0.100 8.E74Z7=-005
0.zo0 1.73E53=-004
0. z00 Z.626052-004
0. 400 2.E3880=-004
0. 500 4.471&0=-004
0.750 6.8374z22-004
l.000 2.4703Z2-004
1.E00d 1.E1372=-003
Z.000 Z.1679zZ=-0032
Z.500 Z.94l6de-003
2.000 23.88857=-003
2. Eod E.10532=-003
4.000 &.8E92E5=-0032
4. 500 2.77035=-003
E.000 0.107
E.E00d E.5E8
&.000 10527
&. 500 14._104
7.000 ls. 823
7. E00 13047
g.000 ED_73E
g.500 EZ_045
2.000 E3.0687
2. Eod E3_8B63
lo0.000 E4.4823
lo0.000 Ed._483

You can see up to time “5” the values of s1 are close to zero. After time “5”, they rise. This
illustrates the essential point of the Heaviside function: it is continuous and differentiable! This
is extremely important not so much for simulations (solving differential equations) but for
fitting.

Suppose delays could be implemented using a conditional expression “if-then-else”. The
problem here is the conditional can introduce a discontinuity in the model solution. Problems
can arise when there is a datum near the discontinuity during optimization since the algorithm
for optimization does not know on which side of the discontinuity the datum lays. When using
conditionals, one needs to be very careful that incorrect solutions are not returned. This is why
conditionals (e.g. “if-then-else” or the FORTRAN functions AMIN and AMAX) are not
implemented in the SAAM II Compartmental application.
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In this part of the tutorial, you will create and work with the following model:

kil,3) k{2,1)
kil,?)

k{0,1)

The difference between this model and the model used in Part 1 is that the delay will be
specified as part of the transfer k(7,3).

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Create the Model shown above.
3. Create the Experiment on the model.

a. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes dialog
box will open.

b. Change the entry in the Units box from “minutes” to “hours”.

c. Type “60” in the End At box. The Experiment Attributes dialog box will appear as
follows:

Experiment Attributes

Independent Variable: I t

Lnits: I hours|
Start at: I 0.0
End at: I &0

Done I Cancel | Help

d. Click Done. The Create Experiment dialog box will open as shown below:
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create perment S
New Name: l Exper|

Type: Experiment |  System |

Create Cancel Help
| | | |

Be sure Experiment is selected (as indicated by “Exper” in the New Name box).
e. Click Create.
4. Add the Data to the model

a. On the Show menu, click Data, or alternatively, on the SAAM II Toolbar, click
Data E The Data window will open.

b. On the File menu, click Open. The file delay3.dat should appear in the list (if it
does not, find the folder where you put this data file).

c. Double-click delay3.dat. The data in this file will appear in the Data window as
shown below:

-l x|
[SSSS——

DATA -

#time in hours; conc in mg;/ml

(FSD 0.1)

t conc

.1 n

.2 n

.3 n

4 n

0.5 7.24

0.75 11.75

1 14,21

1.5 17.50

2 17.20

3 12,12

4 727

5 4,87

=] 3.18

9 1.25

12 0.80

13 0.31

24 0.23

35 0.11

43 0.05 | |
&l 0,03

EMD -
%] 3

Data Format is okay

d. Close the Data window.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
Delays — 49 SAAM II Version 2.1



Advanced Tutorials SAAM 11 v.2.1 Working with Delays

5. Create the Input and Sample
a. Inthe SAAM II Toolbox, click Input.

b. On the Drawing Canvas, click Compartment q3, and then click on the canvas. The
input ex1 will appear associated with your model.

c. Double-click ex1. The Exogenous Input dialog box will open.
d. Type “400” in the Initial Amount box.

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

Exogenous Input x|

Mame: I exl Reference I Units: I mag

Type Initial Constant Start Stop Repeat Every Mr. Repeats

Bolus 400.000

Input Type: — Initial Amount: | 400 —Save IQ

f* Bolus Comstant Rate: I —

- i |— i
Infusion Ewvent Start: <}:I Edit I:Jj

™ Primed Infusion

o Event Stop: I thdlé}

Repeat Every: I
Nr. of Repeats: I Delete I‘&,

Equation: | exl =

Split Imput, ., | | Done I Cancel | Help |

f. Click Done.

g. Inthe SAAM II Toolbox, click Sample.

h. On the Drawing Canvas, click Compartment 1, and then click on the canvas. The
sample s1 will appear associated with your model.

i.  On the Drawing Canvas, double-click s1 to open the Sample Attributes dialog
box.

Jj.  Type “conc” in the Associate with Data Name box.
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k. Edit the sample equation to read “s1=ql/Vc” in the Equation box. The Sample
Attributes dialog box will appear as follows:

Sample Attributes X|

Mame: s1

Units: I

Assodate with Data Mame: | conc

Equations:
sl =qgiic :I
Done I Cancel Help |
1. Click Done. The model will appear as follows:
el
. kil,3) . ki2,1) .
4 4 (1,2
¢/ ki0,1)
exl +

6. Specify the Delay k(1,3)

a. Inthe Show menu, click Equations, or alternatively, on the SAAM II Toolbar,
click Equations EJ The Equations dialog box will open.

b. Type the following equation in the Equations Defined Here box:
heaviside=0.5*(1.0+atan(lambda*(t - tlag))*2/3.141592653)

The Equations Defined Here pane in the Equations dialog box will appear as

follows:
Equations Defined Here:
beaviside="_'l -5*(1_0+atan {lambda* (t - tlag))*2/3.141532c53) ;I
w
4 k
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c. Close the Equations dialog box.

al E]

#.Using the Heaviside function. In the expression for the Heaviside function above, tlag
will be an adjustable parameter which will equal the time of the delay. “t” is the
name of the independent variable in the model. lambda is a parameter which will be
hand tuned before fitting the model to the data.

d. Double-click k(1,3) to open the Transfer Attributes dialog box. The Transfer
Attributes dialog box will open.

e. Type the equation “k(1,3)=ka*heaviside” in the Equation box. The Transfer
Attributes dialog box will appear as follows:

Transfer Attributes X|

Transfer Coeffident: k(1,3)
Reference Mame:
Flow Rate: flux(1,3) =k(1,3) *q3
Flow Rate Units: | mass/time

Equations :

k(1,3) =ka*heaviside ;I

[~
Cancel | Help |

This expression will result in ka being defined as a parameter.
f. Close the Transfer Attributes dialog box.

7. Enter the Parameters values as shown below:
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_iEix

Name | Type | Current | LowLimit |  High Limit |
Vi Adi 15,0000 3.0000 30.0000
k{0, 1) Adi 0.5000 0.0500 5.0000
k(1,2) Adi 0.0500 0.0050 0,5000
k(2,1) Adi 0,1000 0.0100 1.0000
ka Adi 0.5000 0.0100 1.0000
lambda Fix 100.0000

tlag Adi 0.3000 0.1000 1.0000

o= Value: | 0.3 @Edimﬂ
= " Fixed Low Limit: ||:|, 10000000 IQ
% Adjustable 1 Save

High Limit: | 1,00000000

Adjust value:

i
-

Done I Cancel Help |

[™ Auto solve

8. Solve the model and view the solution.
a. Inthe Compute menu, click Settings. The Computational Settings dialog box will
open. Change the Min. Nr. of Calculation Intervals from “20 to “200”. This will

improve the resolution of your plots.

b. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click

[=m]
Solve —=l.

c. Inthe Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot

@. The Plot and Table Variables dialog box will open. Be sure the List All
Variables check box is not selected.

d. Click s1:conc to move this to the Current Selection pane.

e. Click Done. The plot will appear as follows:
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=101.x|

B ] T T T T T T T T T ]
L 31 4
15 o cong ]
-] 4
m 2 J
10k ]
b i
AU _
D 1 1 .Y ] . )

] 20 A0 B0

1 (haoursh

9. Fit the model to the data, and view the solution.

a. In the Compute menu, click Fit, or alternatively, on the SAAM II Toolbar click Fit
M. The plot will be updated as follows:

& plot Y [w]
T T T T T ]
31 J
o conc _|
e e )
40N Bo
1 (hoursh
b. View the first 5 minutes of the solution.
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(1) In the Compute menu, click Plot/Table Scale, click the plot variables button

=

[set scales | or right-click in the plot window and select Scale. The Plot and
Table Scale dialog box will open.

(2) In the X Axis pane, click Set.

(3) Type “5” in the Maximum box.

(4) Click Done. The plot will appear as follows:

=101
i 51 ]
15 o conc ]
10k _
5L
|:| L 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 ]
4] 4 5
1 (hoursh

c. View the statistics. In the Show menu, click Statistics, or alternatively on the

SAAM II Toolbar click Statistics _E?LJ The Statistics window will appear as

follows:
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Blfstatstis =1olx|
Parameter/Variable Value Std.Dev. ©Coef. of Var. 95% Confidence Interwval
Ve 4.24772 9.49497e-001 Z_23531e+001 2.13z211 5.36334 -
ki{0,1) 1.28774 Z.93092e-001 Z_Z27602e+001 0.&83469 1.594079
kil, 2 0.07147 4.653%92e-003 &.51148e+000 0.08110 0.08184
kiz, 1) 0.26385% 6.02694e-002 Z_Z28390e+001 0.123&0 0.39818
ka 0.45354 3.78414e-002 B_.34382e+000 0.385322 0.53785
lambda 100_00000 *% Fined ** *% Fixmed ** *% Fined *+* *% Fined *+
tlag 0.29695 4.99435e-002 1_68188e+001 0.18587 0.408Z23 _J
-
™ Correlation Matrix ™ Covariance Matrix = Objective

Objectiwve Scaled Data Variance -
31 : conc -Z.954053e+000 1.037728e+000
Total ocbjectiwve —-2.5954053=+000
AIC -1_205881e=-001
BIC 4_841573=-002 -
< I

11. Close all open windows and dialog boxes.

¥ lambda in the Heaviside function. In the above, lambda was set equal to 100. The
following plot compares the best fit of the model to the data with lambda equal to 10
(s1{LL10_1}), 100 (s1{ L100_1}) and 1000 (L1000_1).

=101

3 31 L1I2I‘I}I .

15 === 31 I0100-1

m—=a g1 IL1030-

10 |

sl _

{ ] 1 1 T } T A | L . , ]

0 20 40 B0

1 (hoursh

The details of the initial rise are shown as follows:
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=18 x|
a1 1L1 01} -
=== g1 {11001
==== =1 {L1030- ]
1 1 I 1 1 1 1 I 1 1 1 1 i
4 5

1 (hoursh

You can see the differences in the initial rise caused by different values for lambda.

The statistics for the fit when lambda equal 10 and 1000 respectively are:

™ Correlation Matrix

{~ Covariance Matrix

{* Objective

Blstatistics =10l x|

Parameter/Variable Value Std_Dev. ©Coef. of Var. 895% Confidence Interwal

Ve 3.73283 9.49B8Zge—-001 2.50440e+001 1.6878Z28 5.80857 &
k{0,1) 1.43256 3.6347ge-001 Z2.53724e+001 0.8ZZ8% Z.Z4244
ki(l,2) 0.07148 4.55455e-003 &.37170e+000 0.08133 0.081a3

kiz, 1) 0.29357 7.45433e-002 2.53%20e+001 0.1z2748 0.45398¢8

ka 0.45718 3.81%985e-00Z 7.31782e+000 0.37e52 0.53783
lambda 10.00000 *% Fixed *¥ *% Fixed *% *% Fixed *+ ** Fixed **
tlag 0.31%42 &.1271%e-002 1.51823e+001 0.18230 0.455594

-

51 : conc
Total ocbjectiwve

LIC
BIC

Kl

Objectiwve
-Z_.984151e+000

-2.5%84151e+000

-1_35636%=-001
3.336686e-002

Scaled Data Variance
1.008360e+000

F

i
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Blfstastis =1olx|
Parameter/Variable Value Std.Dev. ©Coef. of Var. 95% Confidence Interwval
Ve 4.29035% 9.53138e-001 Z_2Z2156e+001 Z.1c887 £.4141Z% =
ki{0,1) 1.27597 Z.8B6T7le-001 Z_Z26Z36e+001 0.&3277 1.913917
kil, 2 0.07147 4.663%8e-003 &_52552e+4+000 0.08108 0.0818¢e
kiz, 1) 0.26152 5.93710e-002 Z_Z2T7025e+001 0.123Z23 0.39380
ka 0.45315 32.80025%e-002 B_3B628e+000 0.3c848 0.53783
lambda 1000 _00000 *% Fined ** *% Fixmed ** *% Fined *+* *% Fined *+
tlag 0.29580 4.93243e-002 1.66747e+001 0.185%0 0.40570 _J
-
™ Correlation Matrix ™ Covariance Matrix = Objective

Objectiwve Scaled Data Variance -
31 : conc -Z.95122Z2e+000 1.040&670e+000
Total ocbjectiwve —-2.851222=4+000
AIC -1.15%1725=-001
BIC 4.9831Z24e2-002 -
< I

You can see that, while the actual “Fits” are essentially the same, and the values for
the Total objective function are essentially the same, there are differences in Vc and
k(0,1). The reason for these differences is the fact that these parameters are highly
correlated as shown in the statistics below for the case lambda equals 1000:

} M Statistics [l
Parameter/Variable Value S5td.Dev. Coef. of Var. 55% Confidence Interval
Ve 4.2503% 39.5313Be-001 2.2215&e+001 2.16667 £.41412 1=
ki{o,1) 1.27597 2.8867le-001 2Z2.26236e+001 0.83277 1.91917
kil,z) 0.07147 4.66396e-003 &.52552e+000 0.06108 0.0BlE¢&
kiz, 1) 0.26152 5.33710e-00Z Z2.27025e+001 0.12323 0.39380
ka 0.45315 3.80025e-00Z B.38628e+000 0.36848 0.53783
lambda 1000.00000 *% Fixed ** ** Fixed ** *% Fixed ** *% Fixed ** —
tlag 0.29580 4.93243e-00Z 1.£6747e+001 0.1855%0 0.40570
=
¥ Correlation Matrix ™ Covariance Matrix ™ Objective
Ve ki(0,1) kil,2z) ki(Z,1) ka lambda tlag |
Ve 1.00000 -0.33048 0.31831 —-0.30338 0.73054 i —-0.78305
ki(0o,1) —-0.33048 1.00000 -0.31644 0.32840 -0.81153 i 0.77143
kil,z) 0.31831 -0.31644 1.00000 -0.01703 0.47549 i -0.13130
ki(z, 1) —-0.30338 0.3Z840 —-0.01703 1.00000 —-0.88802 i 0.74584
ka 0.73054 -0.81153 0.47543 —-0.88802 1.00000 i —-0.40533
TorirEs - - - . . . "
tlag —-0.78305 0.77143 -0.13130 0.74584 —-0.40533 i 1.00000
Kl [

With a correlation coefficient for Ve and k(0,1) equal to -0.99 it is not surprising
there are differences for these parameters for different values of lambda. However all
lie within the calculated 95% confidence intervals.

What is meant by “tuning lambda”? “Tuning lambda’ is the process of adjusting
lambda in increments until the model parameters become stable. Because of the
nature of the Heaviside function, it is recommended tuning be done by increasing
lambda by factors of 10 until the model parameters become stable (independent of
the value of lambda). Note that the Forward Difference Formula was used in the
previous fitting procedures. It is also recommended that in the fitting procedure the
central difference formula be used for calculating the numerical derivatives. To set
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the central difference, in the Compute menu, click Settings. The Computational
Settings dialog box will open. In the Derivative pane in the Optimizer pane, click
Central. The Computational Settings dialog box will appear as follows:

Computational Settings

Min, Mr. of Calculations Intervals: | 200

2

- | (1 to 500)

~ Integrator
¥ Uze Relative Error:

| 0.00100000
{1.0e-10 to 1.0)

[~ use Absolute Error:

Pade
Runge-utta

[T Compute Sample AUC's {greater than 0.0)

~ Optimizer

Max. Nr. of Fit Iterations: I 20 vI {0 to 50)

Variance Model

{* Data
£ Model

™ Absolute
¥ Relative

Derivative

™ Forward
{* Central

Convergence Criterion: I 0,00010000

(1.0e-7 to 1.0)
[ Indude Bayesian Term

(1,027 ko 1,027

[Lambda; I 10, 00000000

[ save Results to Text File

Lewvel File————
f" Basic ' Rep|a|:e
" Detaled ) add

1 all

Done I

Cancel | Help

The following shows the results of fitting the model to the data for different values of
lambda using these Computational Settings.

lambda 10 100 1000 10000( 100000
Ve 3.793 4.248 4.295 4.292 4.295
k(0,1) 1.433 1.288 1.274 1.276 1.275

You can see that for lambda equal to 1,000 the parameters are stable. Thus in this
tutorial a value of lambda equal to 1,000 or 10,000 would have been more
appropriate than 100. If you wish, you can repeat this part of the tutorial using
lambda equal to 100,000 and carefully compare the results with the case lambda

equals 100.
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When using the Heaviside function to create delays, you should go through the
tuning process as described above to obtain an appropriate value of lambda for your
particular modeling situation.

Quit the SAAM II Compartmental application. You may save the study file is you wish. It is
provided as part of this tutorial as delay3.stu.
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Working with Experimental Inputs

Prerequisites

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

What you will learn in this tutorial

The purpose of this tutorial is to show you how to specify different input formats for your
experiment in SAAM II. You will learn

How to specify the amount of your input in a data file (Part 1)

How to specify the amount of the input as an adjustable parameter (Part 2)
How to specify split inputs (an input into more than one compartment (Part 3)
How to perform parametric deconvolution (Part 4)

Files Required

Study Files: The study files for this tutorial are

ExplInp.stu
study_0.stu

These files are included as part of this tutorial. The file ExpInp.stu is the same as
study_0.stu that is installed in the SAAM II program folder and referred to in the
SAAM II User Guide with the exception there are no data in the Data window and the
parameters have been set to “fixed.”

Remember study_0 is a study file for an experiment lasting 9 days. In this tutorial, the
time of the experiment may be adjusted so specific points can be illustrated.

Data Files: The data files for this tutorial are

Paradecon.dat
study_0.dat
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Introduction

This tutorial focuses on how to use the options in the Exogenous Input dialog box to specify
less common or more advanced types of input dosage and to conduct parametric deconvolution.
The tutorial covers

Specifying the amount of a dose as a constant in the data file.
Specifying the dose as an adjustable parameter.

Split inputs (an input into more than one compartment)
Parametric deconvolution

The most frequently used types of dosage inputs are covered in the tutorial Experimental
Inputs, Basic. These input types are the bolus, the constant infusion and the primed
constant infusion and are predefined. The equation input allows the user to specify any
input as long as the terms of the equation are recognized by SAAM I1.
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Part 1. Specifying the amount of an input from the Data window
You can specify information about dosing from the data window. To do so, you use the equation

input option in the Exogenous Input dialog box. This part of the tutorial will illustrate how to
specify the amount of a bolus injection in the Data window.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file ExpInpUS.

a. The file ExpInpUS.stu should appear in the file list; if it does not, find the folder
where you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

+ % SAAM II Compartmental - _EXPINP_0.5TU - | Ellil
File Edit Wiew Show Compute Set Window Help

0[3(u| 8| &[] B =] 25 Bl »
‘v, _EXPINP_0.5TU:1 =10] %]

. ‘ E(2,1)
Flus x(1,2)
™ Lock

Experiment I

[arme; bracer

E(0,1)

Choose, .. || Rename...

Create,,, || Remove:..

For Help, press F1 [ [um 4

3. View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear on the Drawing Canvas as
follows:
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kil 1)
kil,2)

kiD,1)

Notice the difference between this model and the experimental model developed and
used in the Getting Started with Compartmental tutorial. Here there is no
experimental input, ex1, and the sample circle, s1, is not filled because there are no data
in the study file.

You may wish to review the Parameters dialog box and the Samples Attributes dialog
box. The parameters are those from study_0 except they have been fixed since this
tutorial involves only simulations and no data fitting. The sample equation is “sl =
ql/vol”.

4. Create a bolus injection into Compartment q1 where the amount of the bolus is specified
in the Data window.

a. Inthe SAAM II Toolbox, click Input.

b. Click Compartment q1 and then click on the Drawing Canvas. The experimental
input ex1 will appear associated with the model as shown below:

51
L

x(2,1)
k{12
M x(0,1)

exl

c. Double-click ex1 to open the Exogenous Input dialog box. The Exogenous Input
dialog box will appear as follows:
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x
Mame: I Reference I LInits: I

Type Initial Constant Start Stop Repeat Every Mr. Repeats

Input Type: — Initial Amount: I DSEVEQ

i+ Baolus Comstant Rate: | i

 Infusi |— i
Infusion Ewvent Start: <]:I Edit EJ;I

™ Primed Infusion

¢ Equation Event Shop: I thdlé}

Repeat Every: I
Mr. of Repeats: I Delete I'i_},

Equation: | exl =

Split Imput, ., | | Dane I Cancel | Help |

Notice in the Input Type pane, bolus is selected.

d. Enter a bolus injection of “dose” specified by an equation.
(1) In the Input Type pane, select Equation.
(2) In the Equation box, type “ex1 = dose”.
(3) In the Event Start box, type “0”.
(4) In the Event Stop box, type “0”.

(5) Click Add. The Exogenous Input dialog box will appear as follows:
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Exogenous Input ﬂ

MName: I exl Reference I Units: I

Type Initial Constant Start Stop Repeat Every Mr. Repeats

Equation exl = dose 0.000 0,000

Input Type: — Imitial &t I DSEVEQ

" Bolus Canstant Rate: | P
[ i .
Infusion Event Start: I 0 <]:| Edit J
™ Primed Infusion | ——
{+ Equation Event Stop: IEI — a

Repeat Every: I
Mr. of Repeats: I Delete I'i_},

Equation: | ex1 = dose

Split Imput, ., | | Dane I Cancel | Help |

B Specifying an equation as a bolus input. The effect of the above is the following. The
equation is specified “ex1 = dose”. However, the start and stop times being equal to
zero, specifies the bolus. The result will be a bolus dose at time zero equal to an
amount “dose”. “dose” can either be entered as a parameter or in the Data window.

e
ai

(6) Click Done.
e. Enter the amount of the dose in the Data window.

(1) In the Show menu, click Data, or alternatively, on the SAAM II Toolbar click
Data E] The Data window will open as blank since there are no data
associated with this study file.

(2) In the Data window, type “CONST dose 100”. The Data window will appear as
follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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ol

CONST dose 100| A

" Ny

Edited

8 Specifying constants in the Data window. Y ou can specify constants in the data
window using the CONST designator. In this case CONST is used to define the
constant “dose” equal to “100.”

(3)Close the Data window.
5. Solve the model and view the solution.

a. It will be useful to increase the resolution of your plot. In the Compute Menu, click
Computational Settings. Type “200” in the Min. Nr. of Calculation Intervals box.
Click Done.

b. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click

[=m]
Solve 7=l.

c. Inthe Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot

@‘. The Plot and Table Variables dialog box will open. Be sure the List All
Variables check box is not selected so s1 is the only option in the Variables for Y-
Axis pane.

d. Click s1 to add this to the Current Selection pane. The Plot and Table Variables
dialog box will appear as shown below:
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Plot and Table Variables x|

Variables for Y-Axis X-Axis | t

51

Select up to 10 Y-Axis
Variables in List,

Current Selection :
51

[ List all Variables
Done I Cancel Help |

e. Click Done. A plot of s1 will appear in semilog mode in the Plot window as shown
below (if it is not in semilog mode, in the View menu, click Semilog):

=101

f. Close the Plot window.

Quit the SAAM II Compartmental application. Do not save the changes to study_0_ExpInp.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Working with Experimental Inputs

e

.,.

. 1

o]

Specifying the amount of an input in the Data window using the Equation type of
Exogenous Input. The above is an example of how to specify the amount of a bolus
injection where the amount of the bolus is specified in the Data window. It is clear
that multiple boluses, constant infusions, multiple constant infusions and primed
infusions can be specified similarly. It is simply a matter of how the equation input is
specified. Suppose, for example, you wanted to specify a primed constant infusion
where the priming dose was 100 and the infusion rate was 25 for a specified time
interval. If in the Data window, there were two constants entered, for example

CONST dose 100
and
CONST dosel 25

were entered, the Exogenous Input dialog box could look as follows:

Exogenous Input El

MName: I exl Reference I Units: I

Type Initial Constant Start Stop RepeatEvery  Mr. Repeats

Equation exl = dosel 0.000 4,000
Equation exl = dose 0.000 0,000 - -

Input Type: ————— Inmitial & t:l'.'
put Type fulkizat oL I ESaveé}
" Bolus iZomskant Rate: IIII.III

r-i . -
S Ewvent Start: I 0 <::' Edit :JJ
™ Primed Infusion S

{+ Equation Ewvent Stop: |4 :lhddlé}
Repeat Every: I -
Mr. of Repeats: I Delete I‘&,

Equation: | ex1 = dosel

Split Imput, ., | | Dane I Cancel | Help |

Here the bolus is specified equal to “dose” since it starts and stops at time zero. It is
followed by a constant infusion equal to “dosel” starting at time 0 and ending at t=4.

Thus the Equation input type gives you great flexibility in specifying inputs where
information about the input can be contained in the data file.
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Part 2. Dose as an adjustable parameter

It is not often that the amount of material in the dose can be an adjustable parameter. This is
because, under normal circumstances, the volume of the pool into which the test substance is
administered needs to be estimated. To obtain an estimate of this volume, it is necessary to
know the dose precisely.

There are instances, however, when the amount of the dose can be an adjustable parameter.
Normally this occurs when one has a single input-multiple output experimental design. An
example would be a bolus injection into plasma with plasma and urine samples. Another
example would be if volume were precisely known. This is the example that will be illustrated
in this part of the tutorial.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file study_0.

a. The file study_0.stu should appear in the file list; if it does not, find the folder where
you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

+* SAAM II Compartmental - STUDY _0.STU
File Edit View Show Compute Set Window Help

0| || 8| 2E = BEEE =h &|=E

Toolbox

=10l x|

@[ # |

+ % STUDY_0.STU:1

=101 x| /=

x{2,1}
x{1,7}

an]
=
=

o
o
2

[ Lock

Experiment E(0,1)

[Marme: Eracer

Choose, .,

Remarme, . .

Zreate. .,

Rermowe, ..

Select model component

-

| O B

[ M| 4

www.saam.com
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3. View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear on the Drawing Canvas as
follows:

ki2,1)
kil

You may wish to review the Parameters dialog box and the Samples Attributes dialog
box. The sample equation is “s1 = ql/vol”.

4. Create a bolus injection into Compartment q1 where the amount of the dose is an
unknown parameter.

a. Double-click ex1 to open the Exogenous Input dialog box. The Exogenous Input
dialog box will appear as follows:

x
Mame: I Reference I Units: I

Type Initial Constant Start Stop RepeatEvery  Mr. Repeats

Bolus 1,04 +8

InputType: — Initial Amount: I 1.0400000e+003 I:ISHVEIﬁ

i+ Baolus Comstant Rate: | 0.0

" Infusion Ewvent Start: I 0.0 4:' Edit :JJ

™ Primed Infusion
{~ Equati Event Stop: | 0.0
= I :Ih.ddué}

Repeat Every: I
Mr. of Repeats: I Delete I‘&,

Equation: | exl =

Split Imput, ., | | Dane I Cancel | Help |

This is the bolus input specified in study_0. It assumes the dose is known and the
volume vol is unknown. In what follows, the situation will be reversed. The dose will
be assumed unknown and the volume known.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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b. Click Delete to remove the bolus injection.
c. Create the input.
(1) In the Input Type pane, select Equation.
(2) In the Equation box, type “ex1 = dose”.
(3) Be sure the Event Start and Event Stop times are set equal to zero.

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

Exogenous Input x|

Marme: I exl Reference I Units: I

Type Initial Constant Start Stop Repeat Every Mr. Repeats

Equation exl=dosze 0.000 0.000

Input Type: — Iritial &riounts I 0.0 IZISHVEQ

"~ Bolus Comstant Rate: I 0.0 —

C - o i
Infusion Event Start: | o <}:I Edit I:Jj

" Primed Infusion

¥ Equation Event Stop: I g — Add ﬁ

Repeat Every: I
Mr. of Repeats: I Delete &

Equation: | ex1i=dose

Split Imput, ., | | Done I Cancel | Help |

(5) Click Done.

The input now has been defined as an equation where the equation is a constant
“dose”. “dose” will appear as a parameter when you open the Parameters dialog
box. The event start and stop times being zero specifies the equation as a bolus.
Since a new parameter has been introduced, a value for it must be specified in the
Parameters dialog box.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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5. Specify the model parameters.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters ﬂ The Parameters dialog box will open, as shown below:

_iEix

Name | Type | Current | LowLimit |  High Limit |
dose Adj

k{0, 1) Adi 0.1000 0.0100 1.0000
k(1,2) Adi 0.1000 0.0100 1.0000
k(2,1) Adi 0,1000 0.0100 1.0000
vol Adi 2000.0000 200.0000  20000.0000

Mame: dose Value: ] <::|Edit|:J;|
Type:  Fixed Low Limit: | A
{* Adjustable S5aue

High Limit: |

Adjust value:

&
1

Done I Cancel Help

[~ aAuto solve

You can see dose now appears as a parameter. If you specify a value for the dose and
leave all the other parameters adjustable, you will not be able to fit the model to the
data because there are too many parameter values. In this example, it will be
assumed that the volume vol is known, and equal to 2000 ml.

b. Set the parameters are follows:
(1) Double-click dose to select it.
(2) In the Value box, type “1.0e+08”.
(3) Click Save.

(4) Double-click vol to select it.

(5) Select Fixed as the Type.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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(6)Click Save. The Parameters dialog box will appear as follows:

_iEix

Name | Type | Current | LowLimit |  High Limit |
dose Adj  1.040e+008 1.040e+007 1.040=+009
k{0, 1) Adi 0.1000 0.0100 1.0000
k(1,2) Adi 0.1000 0.0100 1.0000
k(2,1) Adi 0,1000 0.0100 1.0000
vol Fix 2000.0000

Mame: yal

Value: I 2000 {::IEl:litlil
SIE ' Fixed Lty Linnits | 200, 00000000 Iﬁ
" Adjustable Save

Hih Lirnit: | 20000, A0000000

Adjust value:

—

Done I Cancel Help

[~ aAuto solve

(7) Click Done.
6. Solve the model and view the solution.

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

[=m]
Solve 7=l.

b. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot

@_J. The Plot and Table Variables dialog box will open. Be sure the List All
Variables check box is not selected so s1:plasma is the only option in the Variables
for Y-Axis pane.

c. Click s1:plasma to add this to the Current Selection pane. The Plot and Table
Variables dialog box will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Plot and Table Variables x|

Variables for Y-Axis X-Axis | t

51 : plasma

Select up to 10 Y-Axis
Variables in List,

Current Selection :

51
plasma

[ List all Variables
Done I Cancel Help

d. Click Done. A plot of s1 and plasma will appear in semilog mode in the Plot
window as shown below (if it is not in semilog mode, in the View menu, click
Semilog):

=l0ix|

1 I:lﬁ T T T T T T T T T T T T I T -
31 7
a plozmao ]
107 = =
- =] .
L o 4
B o o ]
L 1
i 03 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0 2 4 ] L]
1 (doys=)
Leave the Plot window open.
7. Fit the model to the data and view the solution.
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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a. In the Compute menu, click Fit, or alternatively, on the SAAM II Toolbar, click
Fit LJ Your plot will be updated as follows:

=10/x]
105 T T T T T T T T T T T T I T -
31 3]
a plasmo ]
10° |
103 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
a 2 4 & L
1 (doys]

b. In the Show menu, click Statistics, or alternatively, on the SAAM II Toolbar, click
Statistics g] The Statistics window will open as follows:

Pstastic =101 x]

Parameter/Variable Value S5td_Dev. Coef. of Var. 55% Confidence Interval
dose §-25036e+007 1.48525e+006 1.8533Ze+000 B8.62408e+007 S._Z27786e+007 =
k(d,1) 0.29227 1.4€147e-00Z 5.00040e+000 0.Z&010 0.32444
kil 2) 0.28312 7.51184e-002 2_.65324e+001 0.11778 0.44845
k(Z,1) 0.1745Z 1_8Zg47e-002 1.04857e+001 0.13432 0.21472
wol 2000_00000 wd Fiyad ** *% Fiyed ** *% Fiyed ** *% Figaed **
————————————————————————————————— Derived Variables —H—————H——————-————-—————— —
exl _bolus §.95036=e+007 1.48525e+006 1.65%32e+000 B.624068e+007 B_ZTTEGEHZID'?_I
-
{~ Correlation Matrix " Covariance Matrix ¥ Objective

Objectiwve Scaled Data Variance 1=
31 : plasma 1.3368743=+001 1.113515e—-001
Total cbkjectiwve 1.3367432+001
AIC 7.935987=+000 B

BIC 8.05355%5e+000 -
< i

The model parameters are estimated with good precision. Notice, of course, vol is a
fixed parameter. ex/.bolus appears as a derived parameter because of the
specification of the input as an equation.

c. Close the Statistics and Plot windows.

Quit the SAAM II Compartmental application. Do not save the changes to study_0.
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Part 3. Split inputs (an input into more than one compartment)

There may be occasion when your have an experimental input into more than one compartment,
and you may not know how the input distributes among the compartments. One example is
injecting radioiodinated low density lipoproteins (LDL) where the radioactive iodide distributes
between two subpopulations of LDL particles. Another example would be an injected material
with an unknown amount of contaminants where the material and contaminant have different
kinetics. Thus what is known is the total amount of material administered; what may not be
known is how it distributed. This situation is accommodated in SAAM II using the split input
capability in the Exogenous Input dialog box.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Create the following system model.

kiD,1) kiD,2)

\J

Notice this is a two-compartment model where there is no interconnection between the
two compartments; there is only a loss from each.

3. Create the experiment on the model.
a. Inthe SAAM II Toolbox, click Experiment. Notice that the Model tools are
unavailable and the Experiment tools are available. The Experiment Attributes
dialog box will open.

b. Change the entry in the Units box from “minutes” to “days.”

c. Type “9” in the End at box. The Experiment Attributes dialog box will appear as
shown below:

Experiment Attributes

Independent Variable: I t

Lnits: I days
Start at: I 0.0
End at: I q

Done | Cancel | Help I

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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d. Click Done. The Create Experiment dialog box will appear on the Drawing
Canvas. The choice is to create an Experiment (Exper) or System experiment. The
Exper experiment is selected as follows:

x
New Name: |m

Type: Experimentl System l

Create Cancel Help
| | | |

e. Click Create (since Exper is selected, and this is the type of experiment you want to
create). Your model will appear as follows:

kiD.1) k(0,2

+ v
4. Add the data

a. On the Show menu, click Data, or alternatively, on the SAAM II Toolbar, click

Data E The Data window will open.

b. On the File menu, click Open. The file study_0.dat should appear in the list (if it
does not, find the folder where you put this data file).

c. Double-click study_0. The data in this file will appear in the Data window. The
model and the Data window should appear with the model on the Drawing Canvas
as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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kn:il:l kiD,2)

[(M Data - study_0.dat - 10| x|
DATA =
(FSD 0.1)

t plasma

0.007 45730

0.042 43522

0.125 42535

0.25 40125

0.375 36221

0.5 35562

1.0 28194

2.0 19573

3.0 14403

4.0 11278

5.0 a0a1

5.0 6999

7.0 5653

8.0 5139 |
9.0 4210

EMD -
Kl 3
Data Format is akay

d. Close the Data window.
5. Create the sample on the model.
a. Inthe SAAM II Toolbox, click Sample.

b. Click Compartment q1, then Compartment q2, and then click on the Drawing
Canvas.

A sample object, s1, will appear on the Drawing Canvas attached to Compartments
ql and q2. This means your sample was from plasma. Notice that the circle at the
top of the sample object is an open circle; data have not yet been associated with the
sample. The sample object can be moved on the Drawing Canvas to a location you
desire.

c. Double-click s1 to open the Sample Attributes dialog box.
d. Type “plasma” in the Associate with Data Name box.

e. Edit the sample equation “s1 = ql+q2” to read “s1 = (q1+q2)/vol” in the Equations
pane. The Sample Attributes dialog box will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Sample Attributes X|

Mame: s1
Units: I

Assodate with Data Name: I plasma

Equations:

s1 = (g1+q2)/vol ;I

Done Cancel | Help I

f. Click Done. The model will appear as follows:
el

k{0, 1) kiD,2)

7. Create the experimental input
a. Inthe SAAM II Toolbox, click Input.

b. Click Compartment q1, then Compartment q2, and then click on the Drawing
Canvas.

An input arrow named ex1 will appear on the Drawing Canvas attached to

Compartments q1 and q2. The input syringe can be moved to a desired location. The

model will appear as follows:
=1

odiho

ki0,1) 6/ k(0,2
+ +

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

b. Type “1.04e+08” in the Initial Amount box.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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e. Click Add. The Exogenous Input dialog box should appear as follows:
x
Mame: I exl Reference I Units: I
Type Initial Constant Start Stop Repeat Every Mr. Repeats
Balus 1.092+8 0.000
Input Type: — it : |—
nput Type Initial Amount: | 1.04e +08 —Save IQ
{* Bolus Comstant Rate: IIII.III _—
rl . .
Infusion Event Start: I <]:' Edit =
" Primed Infusion -
: Event Stop: 1 0.0
™ Equation I :Ihddlé}
Repeat Every: I -
Mr. of Repeats: I Delete &
Equation: I
Split Input... | | Done I Cancel | Help |
Notice the Split Input button is active.

8 Split inputs. Split inputs occur when your injected test substance is not kinetically
homogeneous, but kinetically heterogeneous. This means the input consists of two or
more substances with different kinetics. This can be due to a variety of factors
including contamination. It is important to be aware when this can happen, and
incorporate it into your model.

5.0
f. In the Exogenous Input dialog box, click Split Input. The Split Exogenous Input
dialog box will open as follows:
ﬂ
Equation defining each component of the input:
exl.d =exl-exl1 :I
exl.l=exl2
Done Cancel | Help I
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Ll —_ﬂ-ﬂ

i Split Exogenous Input. When you have a split input, you know the total amount of
substance given, but you may not know how the substance distributes among
different compartments. You must write equations which relate the amounts in the
different compartments to the total. In this example where the input is a bolus, ex1 is
the total dose. The doses in Compartments q1 and q2 are respectively ex1.1 and
ex1.2.

g. In the Equation box in the Split Exogenous Input dialog box, edit the equations to
read:

exl.1 = frac*ex1
ex1.2 = (1-frac)*ex1
The Split Exogenous Input dialog box together with the Exogenous Input dialog
box will appear as follows:
x
Mame: I exl Feference I Units: I
Type Initial Constant Start Stop Repeat Every  Nr. Repeats
Bolus 1.04248 = -
x
Equation defining each component of the input:
exl. 1=frac®ex1 ;I
exl.2=(1-frac)%exl
S :lSaveé}
F Bolus -
" Infusior <ﬂ:l Edit =)
" Primed 1 2 | [—
{~ Equatior
Done Cancel | Help | S Add 'é}
Mr. of Repeats: | Delete &
Equation Iexl =
| Split Input... I Done | Cancel Help |
a IL-@

i Split exogenous input. The above equations partition the total dose, ex1, into two
fractions. frac will become a parameter whose value lies between 0 and 1. It will be
the fraction of the total dose in Compartment q1. The value 1 — frac will be the total
dose in Compartment 2.
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U=
L ¥
i

h. In the Split Exogenous Input dialog box, click Done. The Exogenous Input dialog
box will remain as shown above. The only indication of the split input is the Split
Input option is active.

i. In the Exogenous Input dialog box, click Done.

8. Add parameter values to the model.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters ﬂ The Parameters dialog box will open.

b. Add the parameters as shown in the Parameters dialog box below:

I Parameters - 0] x|
Mame | Type | Current |  LowLimit |  High Limit |
frac Adi 0.5000 0.1000 0.9000
k{0, 1) Adi 0.5000 0.0500 5.0000
k(0,2) Adi 0.0500 0.0050 0.5000
vol Adi  3000.0000 3000000  30000.0000

Name:  vol Value: | 3000 ’m

Type: © Fixed

Low Limit: | 300.00000000 IQ
' Adjustable Save

High Limit: I 30000, 00000000

Adjust value:

N
-

Done I Cancel Help

[~ aAuto solve

i Split exogenous input. In the above, frac is a parameter whose value lies between 0.1
and 0.9. Notice also there are four parameters to estimate, the two losses, the volume,
and frac.

e
ai
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c. Click Done.
9. Solve the model, and view the solution.

a. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click

Solve il

b. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot

@. The Plot and Table Variables dialog box will open. Be sure the List All
Variables check box is not selected so s1:plasma is the only option in the Variables
for Y-Axis pane.

c. Click s1:plasma to add this to the Current Selection pane. The Plot and Table
Variables dialog box will appear as follows:

Plot and Table Variables x|

Variables for Y-Axis X-Axis | t

Select up to 10 Y-Axis
Variables in List,

Current Selection :

51
plasma

[ List all Variables
Done I Cancel Help

d. Click Done. A plot of s1 and plasma will appear in semilog mode in the Plot
window as shown below (if it is not in linear mode, in the View menu, click
Semilog):
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Leave the Plot window open.
7. Fit the model to the data and view the solution.

a. In the Compute menu, click Fit, or alternatively, on the SAAM II Toolbar, click
Fit M Your plot will be updated as follows:

=101 ]

40005

J0COG

200600

1080

e

b. In the Show menu, click Statistics, or alternatively, on the SAAM 1II Toolbar, click
Statistics g] The Statistics window will open as follows:
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Pstastic =101 x]

Parameter/Varisble Value 5td_Dev. Coef. of Var. 95% Confidence Interwval
frac 0.89063 7.13487e-002 1.03310e+001 0.533539 0.64767 ~|
k(d,1) 0.81580 7.74012e-002 1.25633e+001 0.44544 0.78€le
E(d,2) 0.13455 2Z.55813e-002 1.35305%7e+001 0.07737 0-1%173
wol 2323_68530 3_85664e+001 1.65371e+000 2238 .80155 2408 _.570Z4
————————————————————————————————— Derived Variabhles —————————————————————————————————
exl.l._bolus 7.18255e+007 7.420Z6e+00& 1.03310e+001 5.54936e+007 B.B1574e+007__|
exl.Z._bolus 3.21745e+007 T7.420Z6e+00& 2_.308625e+001 1.5842Z2&e+007 4-85064&+DD?_|
-
™ Correlation Matrix ™ Covariance Matrix ¢ Ohjective

Objectiwve Scaled Data WVariance 1=
51 : plasma 1.336743e+001 1.113512e-001
Total ocbkjective 1.336743e+001
AIC T7.5935598¢8e+000 b

BIC 8.053554=+000 hd
Kl 1|

The model parameters are estimated with good precision. The value for frac is 0.69
which means 69% of the original injected dose is into Compartment q1. Under
Derived Variables, you can see the exact amount of dose in each compartment
predicted by the model.

c. Close the Statistics and Plot windows.

Quit the SAAM II Compartmental application. You may save the study file if you wish.
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Part 4. Parametric deconvolution

Deconvolution is the technique used to address the following problem. There is a known
system and a known output from an unknown input. The problem is to calculate the
unknown input. The problem is shown diagrammatically as follows:

Y
¥

_ system :
input output

There are basically two ways to deal with this problem. One is called nonparametric
deconvolution. This is an extremely difficult problem. The other is called parametric
deconvolution.

In parametric deconvolution, the following are assumed:

e The exact specification of the system model (in terms of a compartmental model, this
means the structure and all parameter values).

e There are output data.

e The specification of the input is known (in terms of the situation here, this means the
equation for the input is known but the parameters of the equation are unknown and
will be estimated from the data).

This part of the tutorial will illustrate how to perform parametric deconvolution using
SAAM 1L

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open as shown below:

2. Open the SAAM II Compartmental study file ExpInp_0.

a. The file ExpInp_0.stu should appear in the file list; if it does not, find the folder
where you put this file.
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b. In the File menu, click Open. The SAAM II Compartmental main window will
appear. In the SAAM II Toolbox, click Experiment. The model of the experiment
for ExpInp_0.stu will appear on the Drawing Canvas as follows:

sl

x(0,1)
3. Enter and view the data.

a. Inthe Show menu, click Data, or alternatively, on the SAAM II Toolbar, click
Data E] The Data window will open.

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

c. Double-click paradecon.dat. The data in this file will appear in the Data window as
follows:

_ioix

DATA A
(FSD 0.1)
t plasma

0.007 544607
0.042 1.98E-05
0.145 1.74E-04
0,250  6.74E-04
0.375 1.39E-03
0.50 2.60E-03
1.0 8.92E-03

2.0 2.90E-02
3.0 4,92E-02
4.0 7.51E-02
5.0 9.60E-02
6.0 0.104
7.0 0.125
8.0 0.137 —
9.0 0.142
EMD
-
KN _>I_I

Edited

These are simulated data obtained when an exponential input was specified and
samples were created at the same time samples were taken in the data file
study_0.dat.

d. Close the Data window.
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e. Inthe Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot
@J. The Plot and Table Variables dialog box will open.

f. Be sure the List All Variables check box is selected. (Click this box if it is not
selected).

g. Click plasma to move it to the Current Selection pane.
h. Click Done. A plot of the data will appear in the Plot window.
i. In the View menu or right-click in the plot window, click Line Plot.

j. Inthe View menu or right-click in the plot window, be sure Semilog is selected.
Your plot will appear as follows:

=100

10”

1070
1072

1077

|
] 2 4 ] B
1 (daovys)

These are the output data. The problem is to specify an input function format, and to
estimate the parameters of this input from the data.

k. Close the Plot window.
4. Associate the sample s1 with the plasma data.
a. Double-click s1 to open the Sample Attributes dialog box.

b. Inthe Associate with Data Name box, type “plasma”. The Sample Attributes
dialog box will appear as follows:
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Sample Attributes X|

Mame: s1
Units: I

Assodate with Data Name: I plasma

Equations:

s1 =qgifvel ;I

Done Cancel | Help I

c. Click Done.
5. Specify and define the input function.
In this example, the input function is assumed to be known, and to be equal to
A*(exp(-a*t)-exp(-b*t)). This will be entered as equation input, and the
parameters A, a and b estimated from the data.
a. Inthe SAAM II Toolbox, click Input.
b. Click on Compartment q1 and then the Drawing Canvas. The input ex1 will appear.
c. Double-click ex1 to open the Exogenous Input dialog box.
d. Specify the equation input.
(1) In the Input Type pane, select Equation
(2) In the Equation box, type “ex1=A*(exp(-a*t)-exp(-b*t))”.
(3) In the Event Start box, type “0”.
(4) In the Event Stop box, type “9”. (Remember the time of the experiment in

study_0 is 9 days). Click Add. The Exogenous Input dialog box will appear as
follows:
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Exogenous Input ﬂ

MName: I exl Reference I Units: I

Type Initial Constant Start Stop Repeat Every Mr. Repeats

Egquation exl1=A%exp{-a*t)-e 9,000

Input Type: — Imitial &t I DSEVEQ

i~ Bolug

Canstant Rate: |

r-l . -
e Ewvent Start: I 0 <]:' Edit :JJ
™ Primed Infusion -

{+ Equation Event Stop: IEI — a

Repeat Every: I
Mr. of Repeats: I Delete I'i_},

Equation: | ex1=A%(Exp{-a*t)-exp(-bt))

Split Imput, ., | | Dane I Cancel | Help |

(5) Click Done.

6. Specify the parameter values.

a. Inthe Show menu, click Parameters, or alternatively, on the SAAM II Toolbar, click

Parameters ﬂ The Parameters dialog box will open, as shown below:
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1l Parameters O] x|
Name | Type | Current | LowLimit |  High Limit |
A Adi
a Adj
b Adj
k(0,1) Fix 0,1000
k(1,2) Fix 0.1000
k(2,1) Fix 0.1000
vol Fix 2000.0000
Mame: A

Value: || <::|E[|it|£|
Type: (" Fixed Low Limit:
¥ Adjustable I I:ISHVEIQ

High Limit: |

Adjust value:

&
1

Done I Cancel Help

[~ aAuto solve

The model parameters are all present and fixed. These are the &(i,j) and vol. In
parametric deconvolution, the model parameters are assumed to be known precisely,
and hence must be fixed.

The unknown model parameters are those characterizing the input function. In
parametric deconvolution, the “type” of input function is assumed to be known but
the parameters of the function are unknown.

In this case, these parameters are A, a and b.

b. Enter the parameter values.

(1) If A is not selected, double-click A to select it. Type “100” in the Value box, and
click Save.

(2) Double-click a to select it. Type “0.05” in the Value box, and click Save.

(3) Double-click b to select it. Type “0.5” in the Value box, and click Save. The
Parameters dialog box will appear as follows:
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1l Parameters O] x|
Name | Type | Current | LowLimit |  High Limit |
A Adi 100.0000 10.0000  1000.0000
a Adi 0.0500 0.0050 0.5000
b Adi 0.5000 0.0500 5.0000
k(0,1) Fix 0,1000
k(1,2) Fix 0.1000
k(2,1) Fix 0.1000
vol Fix 2000.0000
Mame: b

Value: IEI.E {::IEl:litlil
i " Fixed Low Limit: ||:|,|:|5|:||:||:||:||:||:| Iﬁ
' Adjustable cSave

High Limit: | 5.00000000

Adjust value:

A
-

Done I Cancel Help

[~ aAuto solve

(4) Click Done.
7. Solve the model and view the solution.

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

Solve il

b. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot
@. The Plot and Table Variables dialog box will open. Be sure the List All
Variables check box is not selected.

c. Click s1:plasma to move this to the Current Selection pane. Your plot will appear
as shown below (in linear mode).
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0.14
g1z
010
.08
008
004
0.0z

0.0

=10/x]

Leave the Plot window open.

8. Fit the model to the data and view the results.

a. In the Compute menu, click Fit, or alternatively, on the SAAM II Toolbar click Fit
M. The plot will be updated as follows:

0.14

a1z

a0

0.c8

.08

0.c4

g.oz

0.a0

=101 ]

Close the Plot window.
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b. In the Show menu, click Statistics, or alternatively, on the SAAM II Toolbar, click
Statistics g] The Statistics window will open as follows:

LT {0l
Parameter/Variable Value S5td_Dev. Coef. of Var. 55% Confidence Interval
I 115.02285 2.51403e+001 2.18567e+001 el 24712 165-?58?8;
a 0.0&8786 2_.89584e-002 4_Z8746e+001 0.0047& 0.130%85
b 0.48145 &.00885e-002 1_30173e+001 0.33057 0.59233
E(0O,1) a_.10000 e Fiyped ** i+ Fixed +¥ e Fixped ** 3+ Fixed **
E(1l,2) 0.10000 % Fixped ** e Fiyped +¥ *% Fixed ** % Fixed **
E(Z,1) 0.10000 % Fixed ** *+ Fixed ** *% Fixed ** *+ Fixed ** _ |
wol 2000.00000 ik Fixed ** wk Fixed +** e Fixed ** e Fixed """"_I
-
™ Correlation Matrix ™ Covariance Matrix ¥ Objective

Objective Scaled Data Variance =
3l : plasma -1_862888e+001 5.345413=-002
Total ckjectiwve —-1.662886e+001
AIC -7.128827=+000 b
BIC -7.0344Z20e+000 _ILI
Kl ¥

Close the Statistics window.

9. View the unknown input function.

a. Inthe Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot
@. Your previous plot should open.

b. Inthe Set menu, click Plot/Table Variables, or alternatively, on the SAAM 11
Toolbar, click Plot, or right-click in the plot window and select Variables. The Plot
and Table Variables dialog box will open. Be sure the List All Variables check
box is selected.

c. Click exl.infusion to move this to the Current Selection pane. The Plot and Table
Variables dialog box will appear as follows:
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Plot and Table Variables

Variables for f-Axis

b
ex1.bolus

ex Linfusion
flux(D, 1)
flux(1,2)
flux(2,1)
k{0, 1)
k(1,2)
k(2,1)
plasma

gl

g2

51

51 res

51 _wres

t
wol

IV List all Variables

Done I

x|

X-Axis | t

Select up to 10 Y-Axis
Variables in List,

Current Selection :
ex 1.infusion

Cancel Help |

d. Click Done. The plot of the unknown input function will appear as follows (the plot
is in linear mode, and the Y Axis maximum has been set equal to 80):

= Plot =101 |
EI:I T T T T T T T T T T T T I T
- ax!_infusi -
G0
4ol
20+ —
|:| 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 |
0 2 4 f L]
1 (day=)

e. Close the Plot window.

Quit the SAAM II Compartmental application. Do not save the changes to study_0.

WWW.saam.com
Adv. Exp. Input — 36

© 2011 University of Washington and The Epsilon Group
SAAM II Version 2.1



SAAM II Version 2.1
Advanced Tutorials

Multiple Input-Output Experiments

Introduction Multiple 10 — 2
Part 1 Multiple I-O Experiments using Duplicate Multiple 10 — 3
Part 2 Multiple I-O Experiments using Create Experiment Multiple 10 — 20

© 2011 University of Washington and The Epsilon Group Www.saam.com



This page is intentionally left blank

© 2011 University of Washington and The Epsilon Group Www.saam.com



Advanced Tutorials SAAM I1 v.2.1 Multiple I-O Experiments

Multiple Input-Output Experiments

Prerequisites
The prerequisite for this tutorial is having worked through the SAAM II introductory

tutorial, “Getting Started with SAAM II Compartmental.” It will be helpful to have
worked through the Using SAAM II Tutorial “Using Delays — Part 1.”

What you will learn in this tutorial

The purpose of this tutorial is to show you have to deal with experiments with multiple inputs
and multiple outputs. You will learn how to

e (Create multiple input-output experiments using the Duplicate command (Part 1).

e (Create multiple input-output experiments using Create Experiment in the SAAM 11
Toolbox (Part 2).

Files Required
Study Files: The study files for this tutorial are
io_duplicate.stu
io_expt.stu
io_expt_final.stu
The study file io_duplicate.stu is saved for convenience and can be used with Part 1.
The study file io_expt.stu will be used for Part 2. The study file io_expt_final.stu is the
study file created in Part 2.
Data File: The data file for this tutorial is

io.dat

This file 1s included as part of this tutorial.
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Introduction

There are many instances when your experimental protocol may call for multiple inputs.
Examples in metabolic kinetics come from multiple tracer studies. For example, carbon and
hydrogen labeled glucose can be injected (two-inputs) and both tracers followed in plasma
samples (two-outputs). In pharmacokinetic studies, an example would be the IV and oral
administration of a drug in the same individual. Normally this is done at different times so the
assumption has to be made that the subject is in the same “state” in both experiments. More
recently, it has become possible to label a drug with a stable isotope. The drug and isotopically
labeled drug can then be administered IV and orally (two-inputs), and plasma levels of drug and
stable isotope followed (two-outputs). Finally, the increased use of tools such as MRI and PET
is making multiple input-output studies more common. Multiple input-output studies will
become more important especially in the pharmaceutical industry as the process of drug
discovery and development becomes more sophisticated.

There are two ways multiple input-output studies can be created in SAAM II. One uses the
model duplication command in the Edit menu. Here, as illustrated in Part 1, you can create a
model, and then duplicate the model structure. You have the option of having corresponding
rate constants set equal, or they can be different. In Part 1, you will see that you can create a
model for the IV system. Then you can duplicate this model, and add to it components to
describe absorption.

The other method uses the Create Experiment option in the SAAM II Toolbox. Here you first
create the system model. In the system model, you can have inputs at different sites. SAAM II
does the book keeping via the Create Experiment option. You create a different experiment for
each input.

The most common experiment is the single input experiment. When you create your experiment,
the compartment names change from, for example, 1 to q1. When you create multiple
experiments, 1 changes to, for example, q1.1 for a second experiment, q1.2 for a third
experiment, etc. Using this option makes it much easier to keep track of the individual inputs
and outputs.

The data to be used in this tutorial come from a pharmacokinetic study in which a drug was first
given IV, and then given later via a suspension into the upper GI tract.
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Part 1. Creating a Multiple Input-Output Experiment Using the Duplicate Command
In this tutorial, you will simultaneously analyze data following an iv administration and oral
suspension administration of a drug using the Duplicate command. In the IV experiment, the

drug was infused for 20 minutes while in the suspension, it was given as a bolus.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Create the following system model for the IV data on the Drawing Canvas:

k(2,1)
k(1,2)

k(0,1)

3. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes dialog box
will open.

a. Type “480” in the End At box. The Experiment Attributes dialog box should
appear as follows:

Experiment Attributes

Independent Variable: I t

Units: I minutes

Start at: ||:|,|:|

End at: I 480

Done | Zance| | Help I

b. Click Done. The Create Experiment dialog box will open as follows:

Create Experiment El
Mew Mame:

Type: Experimentl System I

| Create I Cancel | Help |

c. Click Create. The model will appear on the Drawing Canvas as follows:
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k(2,1)
E{1,2)

k(0,1)

4. Add the data to your model.

a. In the Show menu, click Data, or alternatively, on the SAAM II Toolbar, click
Data E] The Data window will open.

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

c. Double-click io.dat. The data file contains drug data following the 20 minute
constant infusion, “ivplasma”, and following the oral administration, “suspension.”
The oral data will be used later. The Data window appears as follows:

o x
[ssSSSsSSSSSSSSSSSSSSSSS

K Plasma concentrations following iv infusion =

DATA

(FSD 0.1)

t ivplasma

5 2,949

10 3.41

15 3.7

30 1.16

45 1.05

60 0.85

20 0.831

180 0.424

240 0.3

360 0.127

480 0.066

EMD

# Plasma concentrations following oral suspension

DATA

(FSD 0.1)

t suspension

3 n

10 n

15 n

30 0,122

45 0.486

60 1.185

20 0.834

120 0.466

180 0.178

240 0.114

360 0.0%6

4580 n b

END -
4 _>I_I

Data Format is okay
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The weighting scheme is FSD; you can leave the variance model set as the default

data-relative.

d. Close the Data window.

5. Create a sample and an input

a.

b.

www.saam.com

In the SAAM II Toolbox, click Sample.

Click Compartment q1 and then the Drawing Canvas. The sample s1 will appear

associated with Compartment q1.

Double-click s1 to open the Sample Attributes dialog box.

Type “ivplasma” in the Associate with Data Name box.

Edit the sample equation to read “s1=q1/V1”. The Sample Attributes dialog box

will appear as follows:

Sample Attributes X|

Mame: s1

Units: I

Assodate with Data Name: | ivplasma

Equations:

s1=giV1 =]

Done Cancel | Help I

Click Done.

In the SAAM II Toolbox, click Input.

Click Compartment q1 and then the Drawing Canvas. The input ex1 will appear

associated with Compartment q1.

Specify the 20 minute infusion.

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

(2) Select Infusion in the Input Type pane.

(3) Type “12500” in the Constant Rate box.

Multiple IO - 5
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Exogenous Input x|

(4) Type “0” in the Event Start box.
(5) Type “20” in the Event Stop box.

(6) Click Add. The Exogenous Input dialog box should appear as follows:

Mame: I exl Reference I Units: I
Type Initial Constant Start Stop Repeat Every Mr. Repeats

Infusion - 20,000

Input Type: —— Iritial Armaunt: I IZISHVEQ

{” Bolus Constant Rate: | 12500 —

o - o i
Infusion Event Start: | o <}:I Edit I:Jj

" Primed Infusion

™ Eguation e > = Add é}

Repeat Every: I
Nr. of Repeats: I Delete I‘&,

Equation: | exl =

Split Imput, ., | | Done I Cancel | Help |

(7) Click Done. The model will appear as follows:

=1

E(2,1)
E(1,2)

@(km,n
v

axl

6. Enter the parameter values.

a. Inthe Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,
click Parameters EI The Parameters dialog box will open.
The parameter V1 should be selected. If it is not selected, double-click V1. Be sure
the Adjustable option is selected.
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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b. Type “13000” in the Value box, “2000” in the Low Limit box, “20000” in the High
Limit box, and click Save.

c. Double-click £(0,1) to select it.
d. Type “0.07” in the Value box, and click Save.
e. Double-click k(1,2) to select it.
f. Type “0.02” in the Value box, and click Save.
g. Double-click k(2,1) to select it.

h. Type “0.2” in the Value box, and click Save. The Parameters dialog box should
appear as follows:

_iEix

Name | Type | Current | LowLimit |  High Limit |
V1 Adi  13000.0000  2000.0000  20000.0000
k{0, 1) Adi 0.0700 0.0070 0.7000
k(1,2) Adi 0.0200 0.0020 0.2000
k(2,1) Adi 0.2000 0.0200 2.0000

Mame: |k(Z,1)

Value: IEI.E {::IEl:litlil
Type: (" Fixed Low Limit: ||:|,|:|1|:||:||:||:||:||:| IQ
% Adjustable 1 Save

High Limit: | 2.00000000

Adjust value:

o~
i

Done I Cancel Help |

[™ Auto solve

1. Click Done.
7. Solve the model and view the solution.

a. It will be helpful to have better resolution of your plots than the default. In the
Compute menu, click Settings. The Computational Settings dialog box will open.
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Change the entry in the Min. Nr. of Calculation Intervals from “20” to “200”. The
Computational Settings dialog box should appear as follows:

Min, Mr. of Calculations Intervals: | (1 to 500)
— Integrator

v Use Relative Error:
Padk | 0.00100000
Runge¥utta (1.0e-10 to 1.0)

[™ Use Absolute Error:

[T Compute Sample AUC's {greater than 0.0)
— Optimizer
Max. Nr. of Fit Iterations: Iﬂ {0 to 50)
Variance Model —————— [ Derivative
¥ Data " Absolute ¥ Forward
i~ Model % Relative " Central

Convergence Criterion: | 0.00010000

(1.0e-7 to 1.0)
[T Indude Bayesian Term

Lambda; I 10, 00000000 1.0e-7 bo 1. 0e7)

[~ Save Results to Text File

Level—— File———
" Basic " Replace
£ Detailed . add
Al

Done I Cancel | Help |

Click Done.
b. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click
Solve ===/,

c. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot

@J. The Plot and Table Variables dialog box will open. Be sure the List All
Variables check box is not selected.

d. Click sl:ivplasma; it will move to the Current Selection pane.

e. Click Done. The following plot will appear (in linear mode):
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=10/
[ T T T T T T T T T T T T T T T I T T T ]
4 i =1 1
| a ivplasmao i
3L .
sl ]
1 % _
|:| [ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 q 1 I 1 1 1 :
] 100 200 300 400
1 [wninutes)

f. Close the Plot window.

You have now created the model which will be used to analyze the IV plasma data. The system
model for the oral suspension data will now be created assuming once the drug enters plasma it
behaves the same as the drug introduced using the IV infusion.

8. Create the following system model for the oral suspension data using the Duplicate
command.

k(3,13 =hef 43 —d(11,3) k(12,11)

ki11,13)
'{kiﬂ.lﬂi k(0,11)
+ v

exl

a. While pressing the CTRL key, click q1, q2 and s1. Alternatively, use a crossing
window, selecting all (you can delete the ex2 input later if necessary).

b. In the Edit menu, click Duplicate. The Duplicate dialog box will open.
c. Change the entry in the Start new Compartment/Delay numbers at box equal to

“11”. Select the Set New Parameters Transfer Coefficients equal to counterparts
box. The Duplicate dialog box will appear as follows:
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Multiple IO - 9 SAAM II Version 2.1



Advanced Tutorials SAAM II v.2.1 Multiple I-O Experiments

x

Start new Compartment/Delay numbers at: 11
Set Mew Transfer Coeffidents equal to counterparts: [

Duplicate I Cancel Help

After pressing "Duplicate”, didk on the canvas where the
upperdeft corner of the new group of objects is to be placed.

d. Click Duplicate. As instructed in the Duplicate dialog box, click on the Drawing
Canvas approximately where you would like the duplicated model to appear. The
following models will appear on the Drawing Canvas (after some rearrangement):

al

k(2,1
k(1,2)

v)( X(0,1)
v

exl

k(12,11
k(11,132)

k(0,11)

¥ Duplicating. The Duplicate command allows you to duplicate a model, or a portion of
a model. There are several features that are important.

e The duplicated sample s2 will appear associated with Compartment q11 (in
this case). It is not, however, associated with data and hence the circle is
open. In addition, the equation for the sample is “s2=q11”, that is, the
equation for sample s1 does not carry over to s2.

e You have the option of setting the compartment number from where the
duplicated model will start. For this reason, the order in which you click the
compartments as you begin the duplication process can be important.

e You have the option of having the parameters of the duplicated model be
different. In that case, the structure is preserved but the parameters, k(0,11),
k(12,11) and k(11,12) would appear in the Parameters dialog box. The other
option, the one chosen here, is to set the new parameters’ transfer coefficients
equal to their counterparts.

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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To see how this works, double-click, for example, k(0,11). The Loss Attributes
dialog box will appear as follows:

Loss Attributes x|

Transfer Coefficent: k{0,11)
Reference Mame:
Flow Rate: flux(0,11) =k{0,11) *gil
Flow Rate Units: | mass/time

Equations :

k0,11 = k{0, 1) ]

[~
Cancel | Help |

SAAM II has defined “k(0,11)=k(0,1” thus saving you the trouble of having to do
this for every parameter in the duplicated model. (Of course, you can remove this
equation if you wish in which case k(0,11) would appear as a parameter in the
Parameters dialog box.)

IMPORTANT If the option of setting the parameters equal to their counterparts is
chosen, it is necessary to Solve the original model first in order for the model to be
created internally in SAAM IL

e. Create the model for oral absorption.
(1) In the SAAM II Toolbox, click Model. The Model tools are now available.
(2) In the SAAM II Toolbox, click Compartment.

(3) Click on the Drawing canvas where you would like the new compartment to
appear. Compartment 3 will appear. Double-click Compartment 3 to open the
Compartment Attributes dialog box. Change the number of the compartment
from “3” to “13”. The Compartment Attributes dialog box will appear as
follows:

Compartment Attributes x|

Compartment Number: I 13|

Reference Mame: I

Dane I Cancell Help |

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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Click Done.
(4) In the SAAM II Toolbox, click Delay.
(5) Click on the Drawing Canvas where you would like the delay to be located.

Place it between Compartments 13 and 11. Your model for the oral dose should
appear as follows:

1 k(12,11

00C k(11,132)

ki(0,11)

(6) Double-click Delay 3. The Delay Attributes dialog box will open.

(7) Change the entry in the Delay Time box to “tlag”. tlag will become an adjustable
parameter equal to the delay time in absorption.

(8) Change the entry in the Number of compartments box to “5”. The Delay
Attributes dialog box should appear as follows:

Delay Attributes
Delay Mumber; I 3 {1 to 9999)

Reference Name: ||

Celay Time: | tlag

{Value or Variable)

Mumber of compartments: I 5

Transfer Coefficent:
Delay Width:
Done
Fractional Distribution. .. Cancel
Help

(9)Click Done.

(10) Add the fluxes k(0,13), k(3,13) and d(11,3). The model will appear as follows:
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k(1,13 = 1 — 4(11,3) k{12,11)
k(ll,13)

k(0,6 13) kD, 11)

Remember the output from the delay is denoted by “d” to signify the fraction of
the material in the delay moving along this transfer pathway. In this case,
d(11,3) is equal to 1.

9. Create an input into Compartment q13.

&

In the SAAM 1I Toolbox, click Experiment to make these tools available.
b. Click Input.

c. Click Compartment q13 and then the Drawing Canvas. The input ex2 will appear
associated with Compartment q13.

d. Double-click ex2 to open the Exogenous Input dialog box. Be sure “Bolus” is
selected as the Input Type.

e. In the Initial Amount box, type “2.5¢+05”.
f. Click Add.
g. Click Done.

10. Associate s2 with the oral data, and change the sample equation.
a. Double-click s2 to open the Sample Attributes dialog box.
b. Type “suspension” in the Associate with Data Name box.

c. Edit the sample equation to read “s2=q11/V1” The Sample Attributes dialog box
will appear as follows:

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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Sample Attributes X|

Mame: s2
Units: I |

Assodate with Data Mame: I suspension

Equations:

52 = ql1V1 =]
[~
Done I Cancel Help |

d. Click Done. Notice it is assumed that the volume of Compartments q1 and q11 are
the same.

11. Specify the new parameter values.

There are three new parameters to specify, tlag, k(0,13) and k(3,13). Compartment q13
is the compartment into which the suspension is introduced, and hence is really a part of
the delay which is the GT tract. Thus Compartment q13 should turn over at
approximately the same rate as the compartments in the delay. These turn over at the rate
“tlag/5”, i.e. the delay time divided by the number of compartments in the delay.

However not all of the suspension may be absorbed. Define a new parameter “pa” equal
to the fraction absorbed. Then you can write:

k(3,13) = pa*(5/tlag)
k(0,13)=(1-pa)*(5/tlag)

This will allow you to estimate the fraction “pa”, or percent “pa*100, of the drug in
suspension absorbed.

a. Double-click k(3,13) to open the Transfer Attributes dialog box.

b. In the Equation pane, type the equation “k(3,13) = pa*(5/tlag)”. The Transfer
Attributes dialog box will appear as follows:
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Transfer Attributes x|

Transfer Coeffident: k(3,13)

Reference Mame:

Flow Rate: flux(3,13) = k(3,13) *q13

Flow Rate Units: | mass,time
Equations :

k{(3,13)=pa*(5/tlag)| 2

—Parameter Data
k(3,13)
Type: — | Current Parameter 'l.n'alue:l
" Fixed Low Limit:l
* Adjustable High Limit:

ot | |

c. Click Done.

d. Double-click k(0,13) to open the Loss Attributes dialog box.
e. Inthe Equation pane, type the equation “k(0,13) = (1-pa)*(5/tlag)”.
f. Click Done.

g. Open the Parameters dialog box, and enter values as shown below for pa and tlag.
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_iEix

Name | Type | Current | LowLimit |  High Limit |
V1 Adi  13000.0000  2000.0000  20000.0000
k{0, 1) Adi 0.0700 0.0070 0.7000
k(1,2) Adi 0.0200 0.0020 0.2000
k(2,1) Adi 0.2000 0.0200 2,0000
pa Adi 0.4000 0.1000 0.9000
tiag Adi 60.0000 20.0000  200.0000

e Value: [ 60 @Edimﬂ
= " Fixed Low Limit: | 20, 00000000 IQ
% Adjustable 1 Save

High Limit: | 200.00000000

Adjust value:

i
-

Done I Cancel Help |

[™ Auto solve

Notice the default Low and High Limits have not been used for pa or tlag. The
reason for pa is that it is a fraction, and cannot exceed “1”. The reason for tlag is that
the lag time cannot be longer than the experiment itself.

h. Click Done.

12. Solve the model and view the solution. The plot of s1:ivplasma and s2:suspension
should appear as follows (in linear mode):
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& plot

_(ol x|
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wplasmg

=

suspension

200

1 (wninutes)

Jac

13. Fit the model to the data. The plot will be updated as follows:

o ]

"]

Plot

_ (3l x|
'd' T T T T T T T T T T T T T I T T T

L 21 i

B a ivplasma T

- am am 3 7

3 & suspension ]
2L _
1L _
G-..l".: Lo 1o |-|-Th|h|‘?-|-7-|"l"l .

Q 100 200 308 400

1 [(minutes)
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The statistics will appear as follows:

Plstatioties =S
Parameter/Variable Value 5td _Dev. Coef. of Var. 95% Confidence Interwal
V1 7424 _.7540% 2Z.361Z3e+003 3.18022e+001 Z323.613684 1Z525.85454 &
ki{0,1) 0.1302% 4.18754e-002Z 3.21357e+001 0.03%83 0.22076
kil,2) 0.02907 1.429%08e-003 4.91&14e+000 0.02598 0.03Z21¢
kiz, 1) 0.4201% 1.&48Z6=-001 3.83151e+001 0.07410 0.78&27
pa 0.35122 §5_BB844Ze-00Z 1.6754Ze+001 0.22410 0.47835
tlag 55.66030 5.Z25Z79%e=+000 9_43723e+000 44 31233 a7 _00827
————————————————————————————————— Derived Variables ————————-————————————————————————- _J
-
™ Correlation Matrix ™ Covariance Matrix {* Ohjective
Objective Scaled Data Variance -
32 : suspension -1.51011%=+000 1.74356%e+001
3l : ivplasma —-3.695081e+000 1.835270e-001
Total objectiwve -5_.20513%3%=+000
LIC -1_284508e+000
BIC -1._085779=+000 -
Kl g
Viewing all of the Parameter/Variable window:
Vi T424.7540% 2.36123e+003 3.18022e+001 2323.61364 12525.859454
(0,1} 0.13023% 4_.18754e-002Z 3_.Z13%7e+001 0.03383 0.22078
ki{l,2) 0.02907 1_.42908e-0032 4_%91¢6l4e+000 0_02558 0.0321e
E(Z,1) 0.4301% 1_.&84826e-001 32_B832151e+001 0_07410 0_.T7TBe27
pa 0.35122 5_83844Ze-00Z 1_.&754Ze+001 0.22410 0.47835
tlag 55.66030 5_2Z5Z7%3e+000 S5.43723e+000 44 31233 &7.00827
————————————————————————————————— Derived Variskleg -—-—-—H—1H—"—"""—H—H—""—"""""""""""""""""———
ki(0,11) 0.13023 4_.18754e-00Z 3_.Z13%7e+001 0.03383 0.22078
ki{0,13) 0.05828 8.81376e—-003 1.51Z31e+001 0.03524 0.07732
ki{3,13) 0.03155 5.1240%e-003 1.6240%=+001 0_02048 0.04282
kil1l,3) 0.08983 8.47752e-003 S_.437Z3e+000 0.07152 0.10815
ki{ll,12) 0.02907 1.425308e-003 4_.51&l14e+000 0.02558 0.0321e
ki(lz,611) 0.4301% 1_.&84826e-001 32_B832151e+001 0_07410 0_.T7TBe27

Close the Statistics and Plot windows.

Quit the SAAM II Compartmental application. You may save this study file if you wish. The
study file io_duplicate.stu is this study before the Fit.

¥ Multiple input-output study. In studies such as this one where, on different occasions, a
drug is administered iv and later orally (or in this case, as a suspension), there are
two essential assumptions made when analyzing the data simultaneously:

www.saam.com
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Assumption 1: The subject is in the same “condition” during the two separate
studies. That is, the determinants of how the drug is metabolized are the same on
both days of the study.

Assumption 2: The metabolism of the drug that is absorbed into the systemic
circulation is identical to that when the drug is introduced directly by IV.

For each such study, these assumptions must be considered if the “system model” is
to be assumed identical for both studies.
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Part 2. Creating a Multiple Input-Output Experiment Using Create Experiment

In this tutorial, you will simultaneously analyze data following an iv administration and oral

suspension

administration of a drug by creating two separate experiments. In the iv experiment,

the drug was infused for 20 minutes while in the suspension, it was given as a bolus.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file io_expt.stu.

a. The file io_expt.stu should appear in the file list; if it does not, find the folder where
you put this file.
b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:
+ % SAAM II Compartmental - 10_EXPT.STU o ]
File Edit Wiew Show Compute Set Window Help
0| || & 2|5 DEmS =h Z|=5 2]
Toolbox <, TO_EXPT.5TU:L =10l =]
Maodel | -
| O
Select  |Compartment
=lied
Dielay Flux xiz,4) —mf 3 i3 X(2,1)
™ Lock Raad Lo e ki1, :
Experiment
Ianme; k(0,4 k(0,1)
Ghoose... | Rename...
Create, ., | Remave..,
I~ Lock

O—J-O 1| | ';

[ w4

This is the system model which has been proposed to describe the drug data
following an IV administration into plasma, Compartment 1, and into the GI tract,
Compartment 4. Compartments 1 and 2 are proposed as the system model, i.e. to
describe the drug kinetics in the body. Compartment 4 is proposed to be the upper
end of the GI tract, the compartment into which the drug suspension is administered.
The Delay 3 represents transit through the GI tract. The characteristics of the delay
have been set in that the delay time is a parameter tlag, and the number of the
compartments in the delay has been set equal to 5. You can confirm this by double-
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clicking on Delay 3, and examining the Delay Attributes dialog box. Also the time
of the experiment has been set to 480 minutes. Thus when you click on Experiment
in the SAAM II Toolbox, the Experiment Attributes dialog box will not open as is
normally the case; the Create Experiment dialog box will open.

3. Create the iv experiment.

a. Inthe SAAM II Toolbox, click Experiment. The Create Experiment dialog box
will open.

b. Change the name of the experiment from “Exper” to “ivplasma”. The Create
Experiment dialog box will appear as follows:

Create Experiment El

Mew Mame: I ivplasmal

Type: Experimentl System I

Create Cancel Help
| | | |

c. Click Create. The model will appear as follows:

kiz, 0 —mf o2 41,3 ki2,1)
1
o OO0 T e K(L,2) @

kib,4) kiD,1)

4. Create the experimental input and sample for the IV experiment.
a. Inthe SAAM II Toolbox, click Sample.

b. Click Compartment q1 and then the Drawing Canvas. The sample s1 will appear
associated with Compartment q1.

c. Double-click s1 to open the Sample Attributes dialog box.
d. Type “ivplasma” in the Associate with Data Name box.

e. Edit the sample equation to read “s1=q1/V1”. The Sample Attributes dialog box
will appear as follows:
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Sample Attributes X|

Mame: s1
Units: I

Assodate with Data Mame: I ivplasma

Equations:

s1=qi/Vi] =]

Done I Cancel Help |

f. Click Done.
g. In the SAAM II Toolbox, click Input.

h. Click Compartment q1 and then the Drawing Canvas. The input ex1 will appear
associated with Compartment q1.

i.  Specify the 20 minute infusion.
(1) Double-click ex1 to open the Exogenous Input dialog box.
(2) Select Infusion in the Input Type pane.
(3) Type “12500” in the Constant Rate box.
(4) Type “0” in the Event Start box.
(5) Type “20” in the Event Stop box.

(6) Click Add. The Exogenous Input dialog box should appear as follows:
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Exogenous Input x|
Mame: I exl Reference I Units: I
Type Initial Constant Start Stop Repeat Every Mr. Repeats
Infusion 0.000 20.000
Input Type: Iriitial Armount: |
put Type mitial Gmaun IZISHVEQ
" Bolus Constant Rate: | 12500 F
% Infusi ;
fusien Event Start: ||:| @Ed't':g
™ Primed Infusion I
" Equati Event Stop: | 20
duaten ! S AddcS)
Repeat Every: I ——
Nr. of Repeats: I Delete I‘&,
Equation: | exl =
Split Imput, ., | | Done I Cancel | Help |

(7) Click Done. The model will appear as follows:

dil, 3

ki34 —m| _©
o

ki2, 1)

kil 4

kil )

©

2l
1
T Ja
J k{D,1)
exl *

This is the model to describe the IV plasma data following the 20 minute constant
infusion of drug. Notice that neither Compartment q4 nor Delay d3 will play any
role whatsoever in describing the IV plasma data.

5. Create the experiment for introducing the drug in suspension.

www.saam.com

In the SAAM 1I Toolbox, click Create. The Create Experiment dialog box will
open.

Change the name of the experiment from “Exper” to “suspension”. The Create
Experiment dialog box will appear as follows:

© 2011 University of Washington and The Epsilon Group
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Create Experiment x|

MNew Name: I suspensinn|

Type: Experimentl System I

| Create I Cancel | Help |

c. Click Create. The model will appear as follows:

. 1
b - ki1, 2) “

k(D 4) kb, 1)

Notice the compartment numbers have changed from, for example, q4 to q4.1. The
“.1” means this is an experiment separate from the case where these is no such label.
This is how SAAM 1I does its book keeping for multiple experiments.

6. Create the experimental input and sample for the suspension experiment.

a. Inthe SAAM II Toolbox, click Sample.

b. Click Compartment q1.1 and then the Drawing Canvas. The sample s2 will appear
associated with Compartment q1.1.

c. Double-click s2 to open the Sample Attributes dialog box.
d. Type “suspension” in the Associate with Data Name box.

e. Edit the sample equation to read “s2=q1.1/V1. The Sample Attributes dialog box
will appear as follows

Sample Attributes x|

Mame: s2
Units: I

Assodate with Data Name: I suspension

Equations:
52 = ql.1v1| A
=
Done I Cancel Help |
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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f. Click Done.
g. In the SAAM II Toolbox, click Input.

h. Click Compartment q4.1 and then the Drawing Canvas. The input ex2 will appear
associated with Compartment q4.1.

i.  Double-click ex2 to open the Exogenous Input dialog box. Be sure “Bolus” is
selected as the Input Type.

j.  In the Initial Amount box, type “2.5¢+05”.
j. Click Add.

. Click Done. The model will appear as follows:

k(3,4) —pe] d3.1 dil, 3 ki2,1) ’
e ki(1,2}

J ®(0,4) ki0,1)
+ ¥

exl

This is the model to describe the suspension data following the bolus introduction of
the drug as a suspension in the upper GI. Now both Compartment q4 and Delay d3
will play any role in describing the suspension data. The data can be analyzed
together because the “iv” experiment will analyze these data while the above will
analyze the suspension data. The parameters in common are k(2,1), k(1,2), k(0,1) and
VI.

7. Enter the parameter values.

Besides the system model parameters k(2,1), k(1,2), k(0,1) and V1, there are the
parameters describing absorption. These are tlag, the time of the delay, and k(3,4) and
k(04).

Compartment 4 is the compartment into which the suspension is introduced, and hence is
really a part of the delay which is the GT tract. Thus Compartment 4 should turn over at
approximately the same rate as the compartments in the delay. These turn over at the rate
“tlag/5”, i.e. the delay time divided by the number of compartments in the delay.

However not all of the suspension may be absorbed. Define a new parameter “pa” equal
to the fraction absorbed. Then you can write the following equations in the respective
Transfer Attributes dialog boxes:
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k(3,4) = pa*(5/tlag)
k(0,4)=(1-pa)*(5/tlag)

This will allow you to estimate the fraction, or percent, of the drug in suspension
absorbed.

a. Double-click k(3,4) to open the Transfer Attributes dialog box.

b. Inthe Equation pane, type the equation “k(3,4) = pa*(5/tlag)”. The Transfer
Attributes dialog box will appear as follows:

Transfer Attributes x|

Transfer Coeffident: k(3,4)

Reference Mame:

Flow Rate: flux(3,4).1 =k(3,4) *q4.1

Flow Rate Units: | mass,time
Equations :

k(3,4) = pa=(5/tag)| -l

—Parameter Data
k(3,4
Type: — | Current Parameter 'l.n'alue:l
" Fixed Low Limit:l
* Adjustable High Limit:

ot | |

c. Click Done.

d. Double-click £(0,4) to open the Loss Attributes dialog box.
e. In the Equation pane, type the equation “k(0,4) = (1-pa)*(5/tlag)”.
f. Click Done.

g. Open the Parameters dialog box. The value for tlag is already in the study file.
Enter the remaining parameters as shown in the Parameters dialog box below:
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1l Parameters O] x|
Name | Type | Current | LowLimit |  High Limit |
V1 Adj  13000.0000  2000.0000 20000.0000
k{0, 1) Adi 0.0700 0.0070 0.7000
k(1,2) Adi 0,0200 0.0020 0,2000
k(2,1) Adi 0,2000 0.0200 2,0000
pa Adi 0.4000 0.1000 0.5000
tiag Adi 60.0000 20.0000 200.0000

Name: pa value: [0.4 <SEdite
Type: { Fixed . |n.1n|:u:u:|n|:u:| é}
* Adjustable Save

High Limit: |n.'an|:||:u:|n|:||:|

Adjust value:

L>

[™ Auto solve

Done I Cancel Help |

h. Click Done. Notice the default Low and High Limits have not been used for VI, pa
or tlag. The reason for V1 is that it is known with more accuracy than the default
Low and High Limits would indicate. The reason for pa is that it is a fraction, and
cannot exceed “1”. The reason for tlag is that the lag time cannot be longer than the
experiment itself.

8. Solve the model and view the solution. The plot of s1:ivplasma and s2:suspension will
appear as follows:

WWW.saam.com © 2011 University of Washington and The Epsilon Group
Multiple IO — 27 SAAM II Version 2.1



Advanced Tutorials SAAM II v.2.1

Multiple I-O Experiments

=10I.x|

T T T T T T T T T T T T T T I.S1I T T T ]

a wplaswmao ]

-—- g ]

& syuspenaion ]

7L 4

1L n; i

{_‘l-_a’l T |-;-.|-i-.|* R i el e M s Ml e i T

0 100 200 300 400
1 (wninutes)
9. Fit the model to the data. The plot will be updated as follows:
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The statistics will appear as follows:
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Bstatstis.

=181 x|

Parameter/Variakle Value Std_Dewv. Coef. of Var. 895% Confidence Interval
Vi 7424 754089 Z2_3€123e+003 3.180ZZe+001 Z323.81363 1Z525.85454 &
ki{0,1) 0.13025% 4.18754e-002 2_Z2133%7e+001 0.03%83 0.2207¢
ki{l,Z) 0.025%07 1.4Z508e-002 4._91614e+000 0.02598 0.0321e
iz, 1) 0.43015% 1.64826e-001 32_.83151e+001 0.07410 0.78827
pa 0.35122 5_8844Ze-002 1.8754Ze+001 0.22410 0.47835
tlag 55.66030 5.Z5279=+000 5.43723e+000 44 _ 31233 &7.00827
————————————————————————————————— Derived Varisbleg -——-——-———-———"—————————————————— _J
-
™ Correlation Matrix ™ Covariance Matrix = Objective
Objectiwve Scaled Data WVariance -

-1.51011%=+000
—3.695081e+000

—-5_20515%e+000

1.74356%=+001
1.6835270e-001

suspension

3z :
: iwvplasma

3l
Total cbjectiwve

RIC
BIC

-1.264608e+000
-1.0&85779e+000

w1l T4Z4 754089 Z.361Z3e+003 3.180ZZe+001 2323 _.81363 12525.89454
k(0,1) 0.1202%9 4.18754e—-002 32_.21337e+001 0.03383 0.2207&
ki(l,2) 0.02307 1.42508e—-003 4_51614e+000 0.02538 0.03Z1e
iz, 1) 0.4201% 1.64826e—001 32_83151e+001 0.07410 0.78827
pa 0.35122 5.8B44Ze-002Z 1.&754Ze+001 0.22410 0.47835
tlag S5_.68030 5.25273%=+000 S_.437Z3e+000 44 31233 &7.00827
————————————————————————————————— Derived Varisbleg ---————H—"-H———"——"""—"—""""""——"-"———

k(0,4) 0.05828 B8.81376e—002 1.51231e+001 0.03524 0.07732
ki{l,3) 0.08383 B8.4775%2e—-0032 9_.43723e+000 0.07152 0.10815
ki3,4) 0.032155 5.1240%9=—-0032 1_.&240%e=+001 0.02048 0.04Z82

Close the Plot and Statistics windows.

Quit the SAAM II Compartmental application. Do not save the changes to io_expt.stu. The
study file with the parameter values before the fit has been saved as io_exp_final.stu.

a B

¥ Multiple input-output study. In studies such as this one where, on different occasions, a
drug is administered iv and later orally (or in this case, as a suspension), there are
two essential assumptions made when analyzing the data simultaneously:

Assumption 1: The subject is in the same “condition” during the two separate
studies. That is, the determinants of how the drug is metabolized are the same on
both days of the study.

Assumption 2: The metabolism of the drug that is absorbed into the systemic
circulation is identical to that when the drug is introduced directly by iv.

For each such study, these assumptions must be considered if the “system model” is
to be assumed identical for both studies.

© 2011 University of Washington and The Epsilon Group
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Using Forcing Functions

Prerequisites

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

What you will learn in this tutorial

e How to use forcing functions defined by linear interpolation of data (Part 1).
e How to use forcing functions defined by an equation (Part 2).

Files Required

Data:
The data file for this tutorial is

ff pre_pro.dat

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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Introduction

This tutorial will show you how to use forcing functions as a modeling tool in SAAM II.. They
can be used for any precursor-product type system such as amino acid incorporation into a
protein, drug absorption, or uptake from plasma by cells when data are available from imaging
such as PET or MRI. Forcing functions can also be used as a model development and testing
tool. That process is beyond the scope of this tutorial.

What are forcing functions, and how does SAAM II create and use them? Overall, the situation
can be described as shown in the following diagram:

System of
Interest

A 4

Input

The input refers normally to a substance whose input is either extravascular in the case of drug
uptake and metabolism, or a plasma born substances such as a metabolite whose uptake is in a
tissue one is studying. The “System of Interest” refers to the details of the system one wants to
model. It can thus describe absorption of the drug. It also can deal with a protein (amino acid
incorporation into a protein), another metabolite (parent-metabolite system), or measurements
taken by an external device such as PET or MRI (in which case the substance of interest is
transported in blood and taken up where it can be metabolized in the tissue of interest one is
studying).

To understand how forcing functions work, consider the model to be used in this tutorial:

ki2,1) k(3,2)
k(2,3

kiD,2)

For this particular model, in the absence of the forcing function, SAAM II would create the
following system of three differential equations:

d_qtl — _k(2])gl

dq?

I — (k(3.2)+K(02)g2 +k(2Dgl + k(23)g3
daq3

L= k23a3+k(3.2)g2

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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In the case of the forcing function, Compartment 1 will be specified to represent the material
that is “driving” the system. One has a choice either to develop a model for that system, or if
one is not particularly interested in that system per se, to use a forcing function to describe
Compartment 1. The need to develop a model for the metabolism of material represented by
Compartment 1 is eliminated.

Since this compartment will be used to drive the system, one needs a means by which to
describe it. This is done by making Compartment 1 a forcing function, i.e. to force a known
shape on the time course of q1(t). This procedure will be explained in this tutorial. The model
you will develop is shown below:

kiZ,1) k(3,2
k(2,3

kiD,2)

The difference in this figure is the presence of “FF” in Compartment 1 to indicate the
compartment is now a “placeholder” for a forcing function. The equations SAAM II creates in
this situation are

d_‘ltl — _k(2])gl

dq2

FE — (k(32) +K(02)q2 + K2.Dg1FF + k(2.3)q3
g3

" = k(23)q3+k(3.2)q2

The essential point to note and the key to the forcing function is that everywhere in the system
of differential equations where q1 appeared in the absence of the forcing function, when there is

a forcing function, q1 is replaced by q1.FF everywhere in the system except in the differential
equation % . Thus SAAM II does calculate a solution g1, but this has no effect on the other
t

differential equations in the system.

How are forcing functions defined? That is, how is q1.FF specified? There are two ways. One
way is to write q1.FF as an equation such as a sum of exponentials. The other way is to connect
sequential data points by a straight line. Both will be illustrated in this tutorial.

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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Part 1. Creating Forcing Functions by Data Interpolation.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

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

3. Create the following model on the Drawing canvas:

ki{2,1) ki3,2)
ki{z, 3

kiD,2)

4. Create the experiment on the model

a. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes dialog
box will open.

b. Type “days” in the Units box.

c. Type “7” in the End At box. The Experiment Attributes dialog box will appear as
follows:

Experiment Attributes

Independent Variable: I t

LInits: Idays
Start at: ||:|,|:|
End at: I 7l

Done I Zance| | Help

d. Click Done. The Create Experiment dialog box will open. Be sure Exper is
selected. The Create Experiment dialog box will appear as follows:

Create Experiment El
Mew Mame:

Type: Experimentl System I

| Create I Cancel | Help |

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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e. Click Create. The model will appear on your drawing canvas as follows:

ki2,1) ki(3,2)
k(2,3

kiD,2)

5. Add the data to the model.

a. Inthe Show menu, click Data, or alternatively, on the SAAM II Toolbar, click
Data E] The Data window will open.

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

c. Double-click ff_pre_pro. The data in this file will appear in the Data window as
shown below.

_ioix
s

baTa -

[FsD 0.1)

t pre pro

(J140) 0

2 3124 272

5 26.97 5.20

10 22,43 11.60

20 15.47 19.34

30 10.493 24,26

45 0,28 29.77

U249y 0 0

1 4,14 3194

1.5 2.23 34.84

2 1.69 36.20

3 1,46 38.497

4 1.43 40.85

5 1.40 43.03

5] 1,36 44,93

9 1.28 49,36

12 1,23 52.68

18 1.15 00,25

0 0 0

1 1.08 54,50

1.5 1.01 75.43

2 0,97 83.39

3 0.90 97.27

4 0.91 109.00

3 0.87 120,00

o 0.85 131.00 ||

7 0.86 137.00

EMD -
Kl »

Data Format is okay

There are some important features of this data file that we will describe below.

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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1. Unit conversion in the Data window. This data file illustrates several features of the
SAAM II Data window. First, it illustrates that several columns of data can be used
with a single independent variable, usually time “t”. The column “pre” is the data

driving the system; the column “pro” is the system whose characteristics will be
modeled.

This data file also illustrates how to do unit conversion in the SAAM II Data
window. The first few rows of the data file are shown below:

EData-ff_pre_p i

t pre pro
(/1440) O 0

2 3129 a72
5 26,97 6,20
10 22,458 11.65

The three column names are “t” for time, “pre” for “precursor” and “pro” for
“product”. Under these are a line containing (/1440), (), and (). In the “t” column, the
first data samples were recorded in minutes and not days, the units of the model.
Thus, “(/1440)” divides all elements in the column by 1440 to convert minutes into
days. This divisor is in effect until the next set of parentheses is encountered further
down the column. There are no unit conversions for either “pre” or “pro”; the “()”
must be included to indicate no conversion.

In the time column, the next unit conversion is shown below:

m[)ata-ff_pre_p b
[eesssssss—————————————————

DATA

(FsD0.1)

t pre pro
(f1440) O 0

2 3124 272
3 26,97 620
10 22,48 11.66
20 15.47 19.34
30 10.45 24,26
45 6.28 2977
ES I 0

1 4.14 31.94
1.5 2.23 34.84
2 1.69 36,20

You can see after 45 minutes, the “t” changes to 1, 1.5, etc. These are hours, so the
next few samples are in units of hours, not minutes or days. The division by 24
converts hours to days.

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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d.

Finally, after 18 hours, you see in the time column () while () remains in both data
columns. After 18 hours, the data are collected in days, and unit conversion is no
longer necessary. The () tells SAAM I this is the point at which (/24) is no longer
needed.

This is a very powerful way to use the SAAM II Data window to be sure all of your
units are consistent.

Close the Data window.

6. Create a sample.

a.

b.

f.

In the SAAM II Toolbox, click Sample.

Click compartment q2, and then click on the Drawing Canvas. The sample s1 will
appear.

Double-click s1 to open the Sample Attributes dialog box.
Type “pro” in the Associate with Data Name box.

There is no need to edit the sample equation. The Sample Attributes dialog box will
appear as follows:

Sample Attributes X|

Mame: s1
Units: I
Assodate with Data Mame: I prol

Equations:

s1=g2 ;I
[~
Done I Cancel Help |

Click Done. Noticed s1 is now solid because it is associated with data.

7. Create a forcing function.

a. Double-click Compartment q1, to open the Compartment Attributes dialog box.
b. Click Forcing Function. The Forcing Function dialog box will open as shown
below (together with the Compartments Attributes dialog box):
WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Compartment Att Forcing Function

Mame: gl Compartment Number: gl
Reference Name: —FF Input from:
: o
Units: I Forcing Function. .. I : Temned OF
Equations: " Assodate with Data Name:
=
{” Eguation for q1.FF:
I ql.FF =
=

Daone | Cancel | Help |
- |

There are three options in the FF Input from pane. The default option is Turned
Off since no forcing function has been defined. The other two options are Associate
with Data Name and Equation for q1.FF. If you select the Associate with Data
Name option, the forcing function will be created by linear interpolation of
sequential pairs of data. If you select the Equation for q1.FF option, you must
specify an equation in the box provided.

c. Click Associate with Data Name in the FF Input from pane.

d. Type “pre” in the Associate with Data Name box. Your Forcing Function dialog
box will appear as follows:

Forcing Function

Compartment Mumber: gl

—FF Input from:

™ Turned Off

¥ Assocate with Data Name: pre|

" Equation for g1.FF:

Iql.FF=

=1 [=a]

-0

¥/ Creating Forcing Functions. When you choose the Associate with Data Name option,
SAAM II will create a forcing function by linearly interpolating between sequential
data.

U=
L ¥
i

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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e. Click Done in the Forcing Function dialog box.

f. Click Done in the Compartment Attributes dialog box. Your model will appear as

follows:
—_ k(2,1 — %(3,2)
i k(2,3

m 2

Notice that “FF” appears in Compartment ql. This is to remind you that this
compartment is now defining a forcing function.

8. Create a second sample to view the forcing function.
You may visualize the forcing function that is driving the system. To do this, you can
create a sample, and write the sample equation equal to the forcing function as described
below.

a. Inthe SAAM II Toolbox, click Sample.

b. Click Compartment q1, and then on the Drawing Canvas. The sample s2 will
appear.

c. Double-click s2 to open the Sample Attributes dialog box.
d. Type the sample equation “s2=ql.FF”

e. Type “pre” in the Associate with Data Name box. The Sample Attributes dialog
box will appear as follows:

x

Mame: s2
Units: I

Assodate with Data Name: I pre|

Equations:
52 = qL.FF A
=
Done I Cancel Help |
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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f. Click Done. You will notice that s2 is solid, but no longer connected to
Compartment 1. This is because the sample equation is no longer associated with a
specific compartment in your model. This is a difference between q1, the differential
equation in the model, and q1.FF, the forcing function. The model is shown below.

— (2,1} — (3,2)
— k(2,1

m 2)

#.Samples. The Sample tool is a very powerful tool in SAAM II. Normally it is used to
create samples that link a compartment, or compartments, with data. In this case, we
are interested in viewing the forcing function. When we entered the equation
“s2=q1.FF”, q1 no longer appeared in the sample equation, hence the line linking the
sample to q1 was severed.

Remember the name for the forcing function in SAAM Il is cpt#.FF where cpt# is
the number of the compartment with which the forcing function is associated.

9. Enter the parameter values.

Enter the parameter values as shown in the following Parameters dialog box:

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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* Adjustable

Adjust value:

o~

101
Marne | Type | Currentl Low Limitl High Limitl
kD, 2) Adj 0.3000 0.0300 3.0000
k(2,1) Adj &0,0000 10,0000 100,0000
k(2,3) Adj 1,0000 0, 1000 10, 0000
k(3,2) Adj 1.0000 0,1000 10,0000
M -

ame: k(2,3 Value: I ] {:ZIEl:litlil
Type: © Fixed

Low Limit: | 0, 10000000

I:IS:EIVEIQ

High Limit: I 10.00000000

.|

[™ Auto solve

Done I

Cancel Help

a. Inthe Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameter E] The Parameters dialog box will open.

b. Double-click k(2,1). Type “60” in the Value box, “10” in the Low Limit box, “100”
in the High Limit box, and click Save.

c. Double-click k(0,2). Type “0.3” in the Value box, and click Save.

d. Double-click k(3,2). Type “1” in the Value box, and click Save.

e. Double-click k(2,3). Type “1” in the Value box, and click Save.

f. Click Done.

.,.

8. Volumes. Why was there no volume included in the sample s1? That is, normally when
writing the sample equation we have usually included the volume term.

There is no volume here because the forcing function “pre” has units of pg/ml so the
volume term is already built in. The units of “pro” are also pg/ml. It is assumed that

www.saam.com
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the “volume” for both “pre” and “pro” is the same. If the forcing function were in

units of mass, then a volume term would be needed in s1.

.|=£.-:-'“|
sy
1

10. Solve the model and view the solution.

a. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click
Solve :] The following message will appear:

SAAM TI Compartmental x|

The Faordng Function data must cover the entire range of the
! % experiment.

-0

. Forcing Functions. When you are using data to define a forcing function, the data must
cover the entire range of the experiment. This means there must be a datum at time
zero, and a datum at the last time of the experiment. Usually there is not a datum
available at time zero, so you will have to add a dummy value, usually close to the
first datum, so the solution can proceed.

Hr a1
Ty

b. Click OK.

c. Open the Data window. Enter a value for “pre” of 35 at time equals zero. Type “n”
in the “pro” column at time equals zero. The first lines of your data file will appear
as follows:

pro
0
|
2 3124 272
5 26.97  6.20
a 1!-9

¥ Data entry. Notice the “n” in the column for the pro. SAAM II expects an entry in
each column for each time point. If there are no data, enter “n.”

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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s
=

d. Close the Data window.

e.
appear as follows:

Re-Solve the model and view the solution in semilog. Your plot of s1:pro will

=10[ x|
1 I:Ia F T T T T T T T T T I T =
F 31 ]
C a pro 7
1 DE = [+ 2 a a —
10’ ~
b DD 1 1 1 | 1 1 1 | 1 1 1 | 1
Q 2 4 ]
1 (day=)
You can also plot s2:pre; it will appear as follows:
=10[ x|
1 I:I? T T T T T T I T =
52 3
o pre N
10’ ~
1 DD O o— o o —!
1 |:|_ 1 1 1 1 | 1 1 1 | 1
4 ]
1 (day=)

f. Plot s2:pre and s1:pro simultaneously.

WWW.saam.com
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(1) With the Plot window open, on the Set menu, click Plot/Table Variables. The

Plot and Table Variables dialog box will open.

(2) Be sure the List All Variables check box is not selected. Click s1:pro. Press the
CTRL key and click s2:pre. These will move to the Current Selection pane as

shown below:

Plot and Table Variables X|
Variables for Y-Axis N-Axis | ]
Select up to 10 Y-Axis
Variables in List.
Current Selection :
51
pro
52
pre
[ List All Variables
Done I Cancel | Help |
(3) Click Done. The Plot will appear as follows:
% plot =101 x|
T T T T I T E
31 3
[ =] FIFCI -
--- g2 .
o o & pr. L
th.--I—-..___.______._____‘_____- _____ — - — = 3
1 I 1 1 L I 1
4 &
1 (doys)
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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g. Close the Plot window.
11. Fit your model to your data and view the solution.

a. Fit your model to your data. On the Compute menu, click Fit, or alternatively, on

the SAAM II Toolbar, click Fit IJL-_J The following message will appear:

7' Compute Log =10 x|
ERROR: While optimizing using relative weighting, the model -
achieved a perfect fit for some data set.
IIse ahsolute weighting.
MOTICE: Optimization results are not available.
MOTICE: The covariance jcorrelation matrix is not available.
MOTICE: Compartment masses are not available.

-

4] 20

The message means that the data error model of “data-relative” is not appropriate for
this model. We will follow the suggestion to set the error model to “data-absolute.”

Close the Compute Log window.
b. Change the data error model.

(1) In the Compute menu, click Settings. The Computational Settings dialog box
will open.

(2) In the Variance Model pane, click Absolute. The Variance Model pane inside
the Optimizer pane will appear as follows:

~ Optimizer
Max. Mr. of Fit Iterations: I 20 vI {0 to 50)
Variance Model ————————  ~Derivative
{* Data *' Absolute * Forward
i~ Model i~ Relative ™ Central

Convergence Criterion: | 0,000 10000

(1.0e-7 to 1.0)
™ Indude Bayesian Term

Lambda: I 10, 00000000 |:1.|:|E'? b I.DE?:I

(3) Click Done.

Re-Solve the model to activate the change in the variance model.
Re-Fit the model to the data. This time the fit is successful.
e. Open the Plot window and view the solution

/e

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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f.  On the Show menu, click Statistics, or alternatively, on the SAAM II Toolbar, click
Statistics g] The Statistics and Plot windows along with the model will appear as

follows:
=101 x|
al al
x(2,1) x(3,2) T T T T T T T U
31 E
k(2,3 a pro ]
- g7 J
a—p
k(D,2) E
.h‘“"--'--.----------a-----n ----- a- - - = N
L L L | L L L | L
3
b Statistics oy ] 54
Parameter/Wariable Value Std.Dev. Coef. of Var. 55% Confidence Interwval
k{0, 2) 0.28led4 1.Z3526e-001 4_8§82537e+001 0.01484 0.50884 ;I
ki{z,1) 59_30818 2.083534e+000 3_.52285e+000 55_09631 63 .52004
ki{z,3) 0.92176 7.90186e-001 B.57255e+001 -0.67116 2.5146%
k{2, 2) 0.80907 2.70331e-001 3.341Z8e+001 0_.Z8411 1.35403
I
" Correlation Matrix ¢~ Covariance Matrix ' Objective
Objective Scaled Data Variance -
32 : pre =1.351395e+000 1.000000e+000
51 : pro 1.386834e+000 1.000000e+000
Total ckjectiwve 3.543872e-002
AIC 1.0183Z1e+000
BIC 1.035538e+000 _l;l
Kl ¥

g. Close the Statistics and Plot windows.

Quit the SAAM II Compartmental application. If you wish, you may save the study file for
future use.
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Part 2. Creating Forcing Functions Using an Equation.

1.

Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

In the SAAM 11 Toolbox, click Model to be sure these tools are available.

Create the following model on the Drawing canvas:

k(2,1 k(3,2)
k(2,3

ki0,2)

Create the experiment on the model

a. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes dialog
box will open.

b. Type “days” in the Units box.

c. Type “7” in the End At box. The Experiment Attributes dialog box will appear as
follows:

Experiment Attributes

Independent Variable: I t

Lnits: I days
Start at: I 0.0
End at: I 7l

Done I Cancel | Help

d. Click Done. The Create Experiment dialog box will open. Be sure Exper is
selected. The Create Experiment dialog box will appear as follows:

Create Experiment x|

MNew Name: I Exper|

Type: Experimentl System I

| Create I Cancel | Help |

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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e. Click Create. The model will appear on your drawing canvas as follows:

ki2,1) ki(3,2)
k(2,3

kiD,2)

5. Add the data to the model.

a. Inthe Show menu, click Data, or alternatively, on the SAAM II Toolbar, click
Data E] The Data window will open.

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

c. Double-click ff_pre_pro. The data in this file will appear in the Data window as
shown below.

-1 x|
[ssSSS———

DATA =

[FSD 0.1)

t pre pro

(J1440) 0

2 3124 2.72

5 26.97 5.20

10 22,98 11.66

20 15.47 19.34

30 10.43 24,26

45 6,28 29.77

29 0 0

1 4,14 3194

1.5 2,23 34.84

2 1.69 36.20

3 1496 38.47

4 1.43 40,85

5 1.40 43.03

5] 1.36 44.93

9 1.28 49,30

12 1.23 52.68

18 1.15 00,25

0 0 0

1 1.08 54,50

1.5 1.01 75.43

2 0.97 23.39

3 0,90 97.27

4 0.91 109,00

5 0.87 120.00

] 0,85 131.00 |

7 0.86 137.00

EMD -
Kl 3

Data Format is okay

There are some important features of this data file that we will describe below.
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8.Unit conversion in the Data window. This data file illustrates several features of the
SAAM II Data window. First, it illustrates that several columns of data can be used
with a single independent variable, usually time “t”. The column “pre” is the data

driving the system; the column “pro” is the system whose characteristics will be
modeled.

This data file also illustrates how to do unit conversion in the SAAM II Data
window. The first few rows of the data file are shown below:

mData-ff_pre_p i

t pre pro
(1440) O 0

2 31.24 2.72
5 26,97 620
10 22,48 11.66

The three column names are “t” for time, “pre” for “precursor” and “pro” for
“product”. Under these are a line containing (/1440), (), and (). In the “t” column, the
first data samples were recorded in minutes and not days, the units of the model.
Thus, “(/1440)” divides all elements in the column by 1440 to convert minutes into
days. This divisor is in effect until the next set of parentheses is encountered further
down the column. There are no unit conversions for either “pre” or “pro”; the “()”
must be include to indicate no conversion.

In the time column, the next unit conversion is shown below:

m[)ata-ff_pre_p i
G _________|

DATA

(FsD 0.1}

t pre pro
(f1440) 0 0

2 31.24 272
5 26,97 620
10 22,48 11.66
20 15.47 19,34
30 10.45 24,26
45 6.28 29,77
V29 0 0

1 4.14 31.94
1.5 2.23 34.84
2 1.69 36.20

You can see after 45 minutes, the “t” changes to 1, 1.5, etc. These are hours, so the
next few samples are in units of hours, not minutes or days. The division by 24
converts hours to days.
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d.

Finally, after 18 hours, you see in the time column () while () remains in both data
columns. After 18 hours, the data are collected in days, and unit conversion is no
longer necessary. The () tells SAAM I this is the point at which (/24) is no longer
needed.

This is a very powerful way to use the SAAM II Data window to be sure all of your
units are consistent.

Close the Data window.

6. Create a sample.

a.

b.

f.

In the SAAM II Toolbox, click Sample.

Click compartment q2, and then click on the Drawing Canvas. The sample s1 will
appear.

Double-click s1 to open the Sample Attributes dialog box.
Type “pro” in the Associate with Data Name box.

There is no need to edit the sample equation. The Sample Attributes dialog box will
appear as follows:

Sample Attributes X|

Mame: s1
Units: ||
Assodate with Data Mame: I pro

Equations:

s1=g2 ;I
[~
Done I Cancel Help |

Click Done. Noticed s1 is now solid because it is associated with data.

7. Create a forcing function.

You will be creating the forcing function by fitting “pre” by a sum of exponentials. Thus
the first step will be to examine “pre” to estimate how many exponentials will be
required, and to obtain initial estimates for the coefficients and exponentials.
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a. Examine the “pre” data.

(1) In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar click

Plot @ The Plot and Table Variables dialog box will open. Be sure the List
All Variables check box is selected.

(2) Click pre to move this to the Current Selection pane.

(3) Click Done. The plot of the pre will appear as follows.

=101
102: T T T T T T T T T T T E
E a pre E
: 4
10" =
-1 ]
5 ]
%. ]
10° @aa g g o o o o E
1|:|_1 1 1 1 | 1 1 1 | 1 1 1 | 1
Q 4 6
1 (doys)

You can see there are an extremely rapid initial fall and a very slow final decay. To
examine the characteristics of the initial decay, change the Plot and Table Scale.

(3) On the Set menu, click Plot/Table Scale. Alternatively, click the Set Scales

S| | |
Button , or right-click in the plot window and select Scale... The

Plot and Table Scale dialog box will open.

(4) In the X Axis pane, click Set. Type “1” in the Maximum box. The Plot and
Table Scale dialog box will appear as follows:
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Plot and Table Scale x|

Minirnum Maximum
X Axis
" AutoScale [ 0.0 | 7.00000000
v set [0.0 [ 1]
Y Axis
* AutoScale | 0.85000000 | 31.24000000
" Set | 0.85000000 3124000000

Daone I Cancel | Help

(5) Click Done. The plot will appear as follows:

=10.x]

102_ T T T T T T T T T T T T I T T T -
C a pre ]
3 i
g i
a
1

10 @ —
-] ]
[ o ]
= n -

a a oo o a o

1|:||:I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 q I 1 1 1 g

a0 0.2 0.4 0.8 0.8 1.4
1 (dovys)

You can see there are probably three exponentials in these data, so the forcing
function will be:

ql.FF = Al*exp(—al *t) + A2 *exp(—a2 *t)+ A3 *exp(—a3*t)

Estimates for A/, A2 and A3 respectively will be 30, 3 and 3. This comes from
the zero time point being approximately 36, and most of the material disappears
with the first exponential. This is the 30. The remaining two are half of the
remaining. Since these are linear parameters, close estimates are not really
required.
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Estimates for al, a2 and a3 respectively will be 75, 3 and .003. These estimates
are obtained from a curve peeling method.

b. Double-click Compartment q1, to open the Compartment Attributes dialog box.

c. Click Forcing Function. The Forcing Function dialog box will open as shown
below (together with the Compartments Attributes dialog box):

Compartment Forcing Function

Mame: gl Compartment Number: gl
Reference Name: —FF Input from:
) o
Units: I Forcing Function. .. I : Temned OF
Equations: " Assodate with Data Name:
=

{” Eguation for q1.FF:

I-:|1.FF =

=
Daone | Cancel | Help |
- |

There are three options in the FF Input from pane. The default option is Turned
Off since no forcing function has been defined. The other two options are Associate
with Data Name and Equation for q1.FF. If you select the Associate with Data
Name option, the forcing function will be created by linear interpolation of
sequential pairs of data. If you select the Equation for q1.FF option, you must
specify an equation in the box provided.

c. Click Equation for q1.FF in the FF Input from pane. The Equation box will
become active.

d. In the Equation box, type the equation “ql.FF = Al*exp(-al*t) + A2*exp(-a2*t) +
A3*exp(-a3*t)”. Your Forcing Function dialog box will appear as follows:

Forcing Function

Compartment Mumber: gl
—FF Input from:

™ Turned Off

" Assocate with Data Name:

¥ Equation for g1.FF:

ql.FF = Al%exp(-a1™t) + A2%exp(-a2*t) + AF"exp(-a3™t)

=1 [=a]
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a B

. Creating Forcing Functions. When you choose the Equation for q1.FF option, you
must enter a specific equation that will be used for the forcing function. In the above,
you are using a sum of three exponentials meaning there are six parameters, A/, A2,
A3, al, a2 and a3. These can be fixed or adjustable. In this case, they will be
adjustable meaning the forcing function will be defined (fitted) as part of the
modeling exercise.

The advantage here is that the forcing function can be determined simultaneously

with examining the system model for “pro”. Once the forcing function parameters
are determined, they will be fixed before the final Fit to the “pro” data.

e. Click Done in the Forcing Function dialog box.

f. Click Done in the Compartment Attributes dialog box. Your model will appear as

follows:
—_— %(2,1) m 2)
k(2,3)

k\fl 2)

Notice that “FF” appears in Compartment ql. This is to remind you that this
compartment is now defining a forcing function.

8. Create a second sample for the forcing function.
a. Inthe SAAM II Toolbox, click Sample.

b. Click Compartment q1, and then on the Drawing Canvas. The sample s2 will
appear.

c. Double-click s2 to open the Sample Attributes dialog box.
d. Type the sample equation “s2=ql.FF”

e. Type “pre” in the Associate with Data Name box. The Sample Attributes dialog
box will appear as follows:
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Sample Attributes X|

Mame: s2
Units: I |

Assodate with Data Mame: I pre

Equations:

52 = qL.FF =]
[~
Done I Cancel Help |

f. Click Done. You will notice that s2 appears solid, but no longer connected to
Compartment q1. This is because the sample equation is no longer associated with a
specific compartment in your model. The model is shown below.

— 21 kl3 2)
k(2,3)

k\U 2)

#.Samples. The Sample tool is a very powerful tool in SAAM II. Normally it is used to
create samples that link a compartment, or compartments, with data. In this case, we
are interested in viewing the forcing function. When we entered the equation
“s2=q1.FF”, q1 no longer appeared in the sample equation, hence the line linking the
sample to q1 was severed.

Remember the name for the forcing function in SAAM Il is cpt#.FF where cpt# is
the number of the compartment with which the forcing function is associated.

9. Enter the parameter values.

Enter the parameter values as shown in the following Parameters dialog box:
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1l Parameters O] x|
Name | Type | Current | LowLimit |  High Limit |
A1 Adi 30.0000 10.0000 100.0000
A2 Adi 3.0000 1.0000 10.0000
A3 Adi 3,0000 1.0000 10,0000
al Adi 75.0000 10,0000 200.0000
a2 Adi 3.0000 0.5000 10.0000
a3 Adi 0,.0030  3.000e-004 0.3000
k(0,2) Adi 0.3000 0.0300 3.0000
k(2,1) Adi 60.0000 10.0000 100.0000
k(2,3) Adi 1.0000 0.1000 10.0000
k(3,2) Adi 1.0000 0.1000 10.0000

Mame: A3 Value: I3 {:ZIEl:litlil
Type: { Fixed . | 50000000 é}
* Adjustable Save

High Limit: | 10.00000000

Adjust value:

i
-

Done I Cancel Help |

[™ Auto solve

Notice that some of the parameters do not use the default values for the Low Limit
and/or High Limit.

-0

8. Volumes. Why was there no volume included in the sample s1? That is, normally when
writing the sample equation we have usually included the volume term.

There is no volume here because the forcing function “pre” has units of pg/ml so the
volume term is already built in. The units of “pro” are also pg/ml. It is assumed that
the “volume” for both “pre” and “pro” is the same. If the forcing function were in
units of mass, then a volume term would be needed in s1.

HEpE=
sy
1

10. Solve the model and view the solution.

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

Solve ===,
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e. Plot sl:pro. Your plot of s1:pro will appear as follows (you may have to change the
Plot and Table Scale resetting the X Axis maximum to “7”’; you may also have to
change the plot to the semilog shown below):

=101.x|

103 F T T T T T T T T T I T =
o 21 ]
C a pro -
a a g
a o a =

I 1 1 1 I 1 1 1 I 1

2 4 [
1 (days)

You can also plot s2:pre; it will appear as follows:

=101x]
102 T T T T T T T T T I T =
a2 ]
o pre ]
10! -
3 .
=] i
g
1005— foa o g o o o o E
1|:|_1 1 1 1 | 1 1 1 | 1 1 1 | 1
0 4 f
1 (doys=)

You can see that the estimates for the exponentials are reasonable, but the estimate
for Al needs to be increased.
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f. Plot s2:pre and s1:pro simultaneously.

(1) With the Plot window open, on the Set menu, click Plot/Table Variables. The
Plot and Table Variables dialog box will open.

(2) Be sure the List All Variables check box is not selected. Click s1:pro. Press the

CTRL key and click s2:pre. These will move to the Current Selection pane as
shown below:

Plot and Table Variables x|
Variables for Y-Axis X-Axis | t

Select up to 10 Y-Axis
Variables in List,

Current Selection :
51

pro

52

pre

[ List All Variables

Done I Cancel Help

(3) Click Done. The Plot will appear as follows:
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=101

T T T T T 3
31 3
—a—pTa i
--=- 37 ]
a & pra L

1 1 1 | 1

B

g. Leave the Plot window open.

11. Fit your model to your data and view the solution.

a. Fit your model to your data. On the Compute menu, click Fit, or alternatively, on

the SAAM II Toolbar, click Fit L"LLI The following message will appear:

&y Compute Log

=10l x|

WARNIMG: The following parameter limit{s) constrain further optimization: ;I

A2 hit lower limit.
a3 hit upper limit.

i

The message means that the limits on these parameters need to be changed.
Remember, however, that what you want is a curve which has the characteristics of
the data. The statistics on these parameters are thus not that important as they will be

fixed before the final Fit.
Close the Compute Log window.
b. Change the limits on A2 and a3.

(1) Change the Low Limit on A2 to “0.5”.

(2) Change the High Limit on a3 to “0.3” respectively
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c. Re-Fit the model. Another warning the “A3 hit lower limit*“ will appear. Change the
Low Limit on A3 to “0.5”.

d. Refit the model to the data. This time the fit is successful. The plot of s1:pro and
s2:pre will be updated as follows:

=l0ix|

a pro

- - g

[F]
AT —
povnnl el s v

1 IIIII‘.I

1 (day=)

e. On the Show menu, click Statistics, or alternatively, on the SAAM II Toolbar, click
Statistics g] The Statistics window will appear as follows:

bl Statistics -0l x|

Parameter/Variakle Value S5td.Dev. Coef. of Var. 95% Confidence Interval

hl 31.88975 2.20440e-001 &.31257e-001 21.44328 3Z.33821
BZ 0.58987 1.78%91l1e-002 3.03305e+000 0.55364 0.8Zell
B3 0_35650 1_820%35e-002 1_30378e+000 0_5313&2 0_.33338
al g0.48025 3.5486%e-001 5.86545e-001 55_.74153 61_17837
aZ 1.42408 1.07153e-001 7.52720e+000 1.20658 1.g4118
a3 0.01723 3.63531e-003 Z.105943%e=+001 0.00387 0.0248&0
k(0,2 0.2ge8l1l% 1.50853e-002 S5.8871Ze+000 0.23584 0.Z9&74

" Correlation Matrix " Covariance Matrix {* Objective

Objectiwve Scaled Data Wariance

=2 pre

3l : pro
Total objectiwve

AIC
BIC

Kl

=3.200551e+000
—-3.907254e-001

—-3.5913217=+000

—-6.267158e-001
—-2.52B8157e-001

1.351342e-002
1.265867e-002

l;l‘_l_l’_lil_lL

f. Close the Statistics windows. The Plot window is still open.
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g. View the weighted residuals associated with the fit of s2 to pre.

(1) On the Set menu, click Plot/Table Variables. Be sure the List All Variables
check box is selected.

(2) Click s2:wres to move this to the Current Selection pane.

(3) Click Done. The plot of the weighted residuals, in linear mode, will appear as
follows:

=10/x]

I T
g2-wrag

1 (doys)

You can see the residuals are randomly distributed around zero and line in a band
essentially between -1 and 1; thus the sum of three exponentials is providing a good
description of the forcing function.

h. Re-Plot s1:pro in semilog mode.

12. Fix the parameters defining the forcing function, and fit the model to the data.

a. Open the Parameters dialog box, and fix all parameters associated with the forcing
function. The Parameters dialog box will appear as follows:
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e

.1.

o "‘":l!'

_iEix

Name | Type | Current | LowLimit |  High Limit |
Al Fix 31.8897

A2 Fix 0.5399

A3 Fix 0.9565

al Fix 60,4603

a2 Fix 1.4241

a3 Fix 0.0172

k(0,2) Adi 0.2662 0.0300 3.0000
k(2,1) Adi 60.2754 10.0000 100.0000
k(2,3) Adi 0.9074 0.1000 10.0000
k(3,2) Adi 0.8162 0.1000 10.0000

M -
= Value: [ 0.01723311 <,]:|Edit|:J;|
Type: (¥ Fixed Lt Lirnit: ||:|,|:||:||:|3|:||:||:||:| Iﬁ
" Adjustable Save

High Limnit: | 0. 30000000

Adjust value:

—

L}

Done I Cancel Help |

[™ Auto solve

¥ Fixing the parameters of the forcing function. The parameters of the forcing function

should be fixed before performing a final fit of the system data, in this case the
“pro”. In this situation, the parameters of the forcing function could be estimated
from the data. There will be situations when this is not the case. For example, you
may have a situation when a sum of two exponentials has excellent statistics but does
not describe the data. When you try three exponentials, you get an excellent
description of the data but the statistics are not good.

What is important in this case is the shape of the forcing function. Thus even though
a sum of three exponentials has bad statistics, because it has the correct shape, it
should be used as the forcing function.

Finally, by fixing these parameters, the weights associated with the forcing function
are not taken into account in the system model fit; this is what is desired when you
are examining only the system model and using the forcing function simply to drive
the system.

b. Fit the model to the data. The plot of s1:pro will appear as follows:
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=10l x|
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c. View the statistics. The Statistics window will appear as follows (after scrolling in
the Parameter/Variable pane):

—imi x

Parameter/Variahle Value Std_Dev. Coef_. of Var._ 95% Confidence Interwval

al &0_46025 ** Fined == w3+ Figed ** ik Figed =% %+ Fined == .:J
a2 1.42408 ** Fined ** ** Fixged ** *+ Fixed *+* ** Fined **

a3 O.017Z23 ** Fined *+ ** Fixged ** *+ Fixed *+* *% Fined **

k{0,2) 0.2661% 1.31405e-002 4_.33551e+000 0.23369 0.29268

k(Z2,1) 60.27537 2Z_.22070e-001 3_.6842g6e-001 59.82747 &e0.7TZ327

k(2,3 0.30738 B8.12420e-002 B8.535348e+000 0.74352 1.071z4

ki{3,2) 0.81617 2.80363e-002 3.43509=+000 0.75363 0.87z72

< |

" Correlation Matrix " Covariance Matrix + Objective

Scaled Data Variance
1.187068e-002
1_0%9&703e—-002

Objectiwve
—-3.200551e+000
-3_907254e-001

|»

pre

32 :
: pro

31

Total objective

AIC
BIC

ki

—-3.591317e+000

=-7.517158e-001
—-6.3476572-001

Tii

You can see the parameters of the system model are quite well-determined.

d. Close the Statistics and Plot windows.

Quit the SAAM II Compartmental application. If you wish, you may save the study file for
future use.
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Working with Parameters, Advanced

Prerequisites

The prerequisites for this tutorial are having worked through the SAAM II introductory
tutorial, “Getting Started with SAAM II Compartmental” and the Basic Tutorial
“Working with Parameters.”

What you will learn in this tutorial

The Basic Tutorial, “Working With Parameters”, showed you how to use the different options in
SAAM II to define and use the most commonly used types of parameters. The purpose of this
tutorial is to show you how to use the additional options in SAAM II to define and refine
parameters. You will learn

How to create zero order losses (Part 1)

How to write parameters and variables in the Equations window (Part 2)
How to re-parameterize the two-compartment model (Part 3)

How to set parameter upper and lower limits (Part 4)

How to use the Bayesian option (Part5)

This tutorial is divided into parts to which you can refer individually for specific information.
Since you know how to enter parameters in the Parameters dialog box, you can proceed to any
specific part of this tutorial without needing the information that preceded it.

Files Required
Study Files: The study files for this tutorial are

study_0.stu
Para_Limits.stu
Para_Limits.dat

These files are included as part of this tutorial. The file study_0.stu is the same as
study_0.stu that is installed in the SAAM II program folder and referred to in the
SAAM II Basic Tutorials.. The file Para_Limits is a one-compartment model with two
parameters.
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Introduction

This tutorial is designed to show you have to use the additional options available in SAAM II to
work with parameters.

In general, most losses are first-order or nonlinear as covered in the basic tutorial, “Working
with Parameters.” There may be instances, when the loss is at a constant rate independent of the
mass in the i™ compartment. In these cases, a zero-order loss is required. Part 1 of this tutorial
shows how to create a zero-order loss. Zero-order inputs can also be created, but these are
equivalent to constant infusions.

A multi-compartmental model in SAAM I is specified by the compartments, transfers and
losses. The transfers k(i,j) and losses k(0,i) specify the terms in the different differential
equations created internally by SAAM II. These are called the primary parameters. Often there
are a number of parameters — volumes, clearances, absorptions — that are functions of these
primary parameters. These parameters can be specified as variables in the Equations dialog
box. This procedure is explained in Part 2 of this tutorial. Some models such as the commonly
used two-compartment model can be re-parameterized based upon the desired secondary
parameters; this is illustrated in Part 3 of this tutorial.

All adjustable parameters must have initial values specified with high and low limits. For an
adjustable parameter, if you simply enter a value and click Save, SAAM II will create default
high and low limits that are 10 times and 0.1 times the initial value. SAAM II actually uses the
information in the limits as part of fitting. The information is a measure of how well you think
you know your limits. As will be illustrated in Part 4 of this tutorial, if your limits are widely
divergent from the initial value, you may have trouble fitting. This is because SAAM II thinks
you don’t know the parameter very well. On the other hand, if you know a parameter reasonably
well, this information should be included when you set the limits.

Finally, SAAM II has implemented a partial Bayesian option. This is explained in Part 5 of this
tutorial. The Bayesian option provides a means by which a priori information about a specific
parameter, or parameters, can be entered in the Parameters dialog box.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Part 1. Creating a zero-order loss

In general, most losses are first-order or nonlinear. There may be instances, however, when a
zero-order loss is required. The difference is the following. For the it compartment, the loss is
generally expressed (in terms of the differential equation):

dq; :
—+ =—k(0,i)-q,(t)+...
% (0,1)-q,() +

That is, the loss is proportional to the mass in the i compartment. In the case of the zero-order
loss, this is not the case:

dq, :
— =—k(0,i)+...
o (0,1)+

That is, the loss is at a constant rate independent of the mass in the i compartment. This tutorial
will explain how to create zero-order losses.

Incidentally, by the same logic, you can see why a zero-order input and a constant infusion are
the same. If Compartment 1 transferred material to Compartment 2 via a zero-order process,

dq,
—==k2)+...
4 2D+

The parameter k(2,1) is simply a constant rate of input, and hence, in SAAM II notation, is
equivalent to

dq,
=z —ex(2)+...
5 ex(2) +

where ex(2) is specified as a constant infusion.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file study_0.

a. The file study_0.stu should appear in the file list; if it does not, find the folder where
you put this file.

b. In the File menu, click Open and click Experiment in the SAAM II Toolbox. The
SAAM II Compartmental main window will appear as shown below:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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. % SAAM II Compartmental - STUDY 0.STU - | Ellil

File Edit View Show Compute Set Window Help
8 »|

|16 8| 2] DEEE ) 50
«, STUDY_0.STU:L =10l =
Model |

k(2,1) 3
[~ Lock E(1,3)

Experiment | f
E(0,1)

Mame: tracer
Choose... | Rename... exl

Create... | Remave...

‘%/

Select Sample

Change /

Condition Input

[~ Lok —
° 10O -

[ M| 4

<

3. View the Parameters dialog box. In the Show menu, click Parameters, or alternatively,

on the SAAM II Toolbar, click Parameters E The Parameters dialog box will
open. The Parameters dialog box should appear as follows:

e
MName | Type | current |  LowLimit |  High Limit |
kD, 1) Adj 0. 1000 0.0100 1.0000
k(1,2) Adj 0.1000 0.0100 1.0000
k(2,1 Adi 0.1000 0.0100 1.0000
wol Adi 20000000  200.0000  20000.0000

Mame:  val Value: I 2000 <:| Edit =

Type:  Fixed

Low Limit: | 200.00000000 é}
" adjustable iSave

High Limit: | 20000.00000000

Adjust value:
—
[ Auto solve
Dane I Cancel Help |
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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These are the parameters for study_0.stu.
4. Modity k(0,1) so that it is a zero-order loss.
a. Double-click £(0,1) to open the Loss Attributes dialog box.

b. Inthe Equation pane, type “k(0,1)=k loss/ql”. The Loss Attributes dialog box will
appear as follows:

Loss Attributes |

Transfer Coeffident: k{0, 1)
Reference Name:
Flow Rate: flux(d, 1) = k{0,1) *q1
Flow Rate Units: | mass/time

Equations :

ki, 1)=k_loss/q1| ;I

—Farameter Data
k(0, 1)
Type: | CurrentParameter Value:| 0. 10000000
" Fixed Low Limit:| 001000000
(+ pdjustable High Limit:| 1,00000000

ot | e |

c. Click Done.

The result is that k(0,1) is no longer a primary model parameter, but is a function of a
new parameter, k_loss. In the differential equation for q1:

dq, (1) k loss
D) koD gl(f) 4= 2= ol 4= —k 1
7 (0,1)-ql(r) + 20 ql(t) + _loss+

The result is now the loss from Compartment q1 is zero-order, and specified by k_loss.
A value for this parameter must be entered in the Parameters dialog box.

5. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar, click

Parameters H The Parameters dialog box will open.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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a. Type “1” as the Value for k_loss, and click Save. The Parameters dialog box will
appear as follows:

i1
Name | Type | Current | LowLmit|  High Limit |
k(1,2) Adi 01000 0.0100 1.0000
kiz,1) adi 0.1000 0.0100 1.0000
k_loss adi 1.0000 0.1000 10,0000
vol Adi | 20000000  200.0000  20000.0000

Mame: k_loss Value: I 1 <:::|E|:|it|:5|

Type: { Fixed Low Limit IEI. 10000000 é}
" Adjustable CSave

High Limit: | 10,00000000

Adjust value:

"
J

Done I Cancel Help |

[™ Auto solve

b. Click Done.

6. Solve the model, and view the solution. A plot of the solution is shown as follows:

=10/

EOCOC

EHJI-II

4000

L3

Incac

20000

10000 o

I 1 1 1 T 1 q
4 B
1 (doys)

=
ha
o [

It is of interest, however, to plot k(0,/) which is no longer a constant but a function of
time since q1(t) appears in the equation defining it. While this is the case, the rate of
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loss, flux(0,1), should be constant. Both will be plotted. Be sure to keep your plot open
so Plot is active.

a. Open the Plot and Table Variables dialog box, and be sure the List All Variables
check box is selected. {Remember this can be accessed by right clicking on the plot,
or using the Select variables tool on the SAAM 1I Toolbar.}

b. Click k(0,1) to move this to the Current Selection pane. The Plot and Table
Variables box will appear as follows:

Plot and Table Variables x|

Variables for Y-Axis ¥-Axis | t

exl.bolus
ex 1.infusion

flux(0,1) _
flux(1,2) Select up to 10 Y-Axis

ﬂuxizr li Variables in List.

k(1,2)
k(2,1
k_loss
plazma k{0,1)

Current Selection ;

s1{Basel_1}
51 res

51 _wres

t
wol

¥ List All Variables
Done I Cancel | Help |

c. Click Done. The plot of k(0,1) will appear as follows (in linear mode):

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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=10l x|

E-R

180 —_— k(0 ' -
140 _
120 —
1-GI:I " 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ]

a 2 4 B ]
1 (dovs)

d. Open the Plot and Table Variables dialog box, and select flux(0,1) as the Current
Selection. When you click Done, the following plot of flux(0,1) should appear:

=10l ]

1-GI:II:II:I1D T T T T T T T T T T T

fluIYI:D|,1jI

1200005

1200000

099595k

O 490050 L PR R |
0 2 4 f L]
1 (day=)

This is a constant indicative of the loss from Compartment 1 being zero-order.
e. Close the Plot window.

7. Restore the original study_0.

a. Open the Loss Attributes dialog box associated with k(0,7), and delete the equation
“k(0,1)=k _loss/ql”. Click Done.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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b. Open the Parameters dialog box. Notice k_loss no longer appears; k(0,1) does.
Select k(0,1), and type “0.1” in the Value box. Click Done. This should restore the
original settings in study_0.

c. Re-Solve the model. If you open the Plot window, since flux(0,1) was the previous
plot, the Plot window will appear as follows:

=10/

E+7

1.30

1'||_|IY|:I:III'1:| I
QA0
Qg0

Q.40

e T T I T T T I T T T I T T T

|
2 4 A L]
1 (day=)

The flux is no longer a constant since the loss is now a first-order process. If you
wish, you can change the plot to s1:plasma to be sure you have restored the original
solution for study_0.
d. Close the Plot window.
8. Create a zero-order loss from Compartment 2.
a. Inthe SAAM II Toolbox, click Model. The Model tools are now available.
b. Create a loss £(0,2).

c. Inthe SAAM II Toolbox, click Experiment. The model will appear as follows:

gl

k(2,1
ki(1,2)

w’( kiﬂ+.13 1(123

axl
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d. Double-click k(0,2) to open the Loss Attributes dialog box.

e. Inthe Equation pane, type “k(0,2)=k loss/q2”. The Loss Attributes dialog box will

appear as follows:

Loss Attributes

Transfer Coeffident: k(0,2)
Reference MName:
Flow Rate: flux(0,2) =k(0,2) *q2

X

Flow Rate Units: | mass/time

Equations :

k{D,2)=k_loss/q2|

—Parameter Data

k(0,2

Type: — 1 Current Parameter 'l.n'alue:l
" Fixed Low Limit:l
" Adjustable High Limit:|

coet_|

Help |

f. Click Done.

g. Open the Parameters dialog box, double-click k_loss to make it the current
selection, and type “1” in the Value box. Click Save. The Parameters dialog box

will appear as follows:
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I
Name | Type | current | LowLimit|  High Limit |
k(0,1 Adi 0.1000 0.0100 1.0000
k(1,%) Adi 0.1000 0.0100 1.0000
k(2,1 Adi 0.1000 0.0100 1.0000
k_loss Adi 1.0000 0.1000 10,0000
wel Adj = 20000000  200.0000  20000.0000

Mame: k_loss Valug: I 1 <::|El:|it|:JJ

Type:  Fixed S |n.1nnnnnnc| é}
% Adjustable cSave

High Limit: | 10.00000000

Adjust value:

o
4|

Dane I Cancel Help |

[~ Auto solve

Click Done.

h. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click

Solve :I The following error message will appear:

%! Compute Log -0 x|
ERROCR: The value for k(D,2) cannot be calculated at -
experiment ime 0.0, Chedk your equations
for a divide by zero, bad log or sqrt, etc.
If the problem persists, try a different integratar.
At the time of failure, the parameter values were;
k(0,1) was 0.10000000.
k(1,2) was 0.10000000.
k(2,1) was 0.10000000.
k_loss was 1.00000000,
vol was 2000,00000000, T

MOTICE: Compartment masses are not available. =
< 4
Close the Compute Log.

i Division by zero. What is happening in this situation is that, at time zero, there is no
mass in Compartment q2, i.e. q2(0) = 0. Remember &(0,2) has been defined by the
equation k(0,2) =k loss/q2. This cannot be evaluated at time zero. There are two
solutions to this problem. The first solution is to change the equation for k(0,2)
slightly. You know what the mass will be in the compartment because of the
magnitude of the initial conditions in Compartment q1. Using a number much
smaller, you can modify the equation for k(0,2) to, for example, k(0,2) =

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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k loss/(q2+0.00001). The second solution is to introduce a very small bolus into
Compartment 2, e.g. ex2 = 0.0001. Neither will have a significant effect on the

solution.
=
1. Method 1: Modify the equation for £(0,2).
(1) Open the Loss Attributes dialog box associated with (0,2).
(2) Change the equation to read “k(0,2)=k loss/(q2+0.00001). The Loss Attributes
dialog box will appear as follows:
x
Transfer Coeffident: k(0,2)
Reference Mame:
Flow Rate: flux(0,2) =k(0,2) *q2
Flow Rate Units: | mass time
Equations :
k{0, 2)=k_loss/{g2+0.00001)| =]
[~
Cancel | Help |
(3) Click Done.
(4) Re-Solve the model. This time, the solution will be successful, and a plot of
s1:plasma will appear as follows:
=10l
EDGDG . T T T T T T T T T T T < l1I I T __
L a plasmao -
th ]
40000 Ha 3
- o ]
0000k -
20000 o -
B a ]
10000 - ., -
C 1 1 1 ] 1 1 1 ] 1 1 1 T , B 1 [ ] L
0 2 4 ] A
1 (day=)
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(5)Close the Plot window.

j.  Method 2: Introduce a small bolus into Compartment q2.
(1) Open the Loss Attributes dialog box associated with £(0,2), and re-enter the
original equation “k(0,2)=k loss/q2”. Click Done.
(2) In the SAAM II Toolbox, click Input.
(3) Click Compartment q2 and then the Drawing Canvas. The input ex2 will appear
associated with Compartment q2. The model will appear as follows:
gl
k(2,1
k(1,2)
,{ x(0,1) K k(0,2
axl + axd *
(4) Double-click ex2 to open the Exogenous Input dialog box.
(5) Enter a bolus of 0.00001. The Exogenous Input dialog box should appear as
follows:
x
Mame: I exd Reference I Units: I
Type Initial Constant Start Stop Repeat Every Mr. Repeats
Input Type: — Tnitial Amount: [ 0.00001 —Saves
* Bolus Constant Rate: | —
e Event Start: I <]:' Edit ':Jj
" Primed Infusion -
- Ewent Stop:
™ Eguation WENIL SEOp I — Add Ié}
Repeat Every: I -
Mr. of Repeats: I Delete &
Equation: | ex2 =
Split Tnput, . | Done I Cancel | Help |
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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(6) Click Done.

(7) Re-Solve the model. This time, the solution will be successful, and a plot of
sl:plasma will appear as follows:

=101 ]

EDGDG T T T T T T T T T T T T I T

hu-l ™T

4000

L3

INGac

20000

1000

=
h.J—
--b__
- B
o B
HO
o [

(doy=]

This plot is essentially identical with that obtained using the first method.

(8) Close the Plot window.

-0

i Zero-order losses. If you specify a zero-order loss from a compartment in your
model where the initial conditions in that compartment are non-zero, the method
described for k(0,1) is the method to use. If you specify a zero-order loss from a
compartment whose initial conditions are zero, you must use either of the two
methods described above to eliminate the problem of division by zero. Either method
works fine — it is a matter of personal preference.

:"":l!'

Quit the SAAM II Compartmental application. Do not save the changes to study_0.
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Part 2. Specifying parameters and variables in the Equations window

This part of the tutorial will show you have to specify parameters in the Equations window.
You have seen how equations involving parameters can be written in the Transfer or Loss
Attributes dialog boxes. Writing such equations in the Equations window is another option in
SAAM II. In pharmacokinetic studies, this is how you would enter the pharmacokinetic
parameters that are functions of the model parameters; examples are clearances and volumes.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file study_0.

a. The file study_0.stu should appear in the file list; if it does not, find the folder where
you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

+* SAAM II Compartmental - STUDY_0.5TU - |EI|5|
File Edit View Show Compute Set Window Help

0|2 & FFEE] DEEE =h. Z|FE| =8

Toolbox *+. STUDY_0.5TU-1 =
Model |

| O

Select  |Compartment

focd] [ =—»

Delay Flux E(2,1)
™ Lock — k(1,2)
Experiment

Mame: Eracer E(0,1)

Chonse, ., | Remame, ..

Creake,,. | Remave...

-
1 | >

Select model component l_ UM s

3. View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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ki2,1)
ki1,

J kiD,1)
+

exl

4. In the Show menu, click Equations, or alternatively, on the SAAM II Toolbar, click
Equations EI The Equations dialog box will open.

a. Enter the following equations in the Equations Defined Here pane:

CLe = vol*k(0,1)

vol2 = vol*k(2,1)/k(1,2)

Vss =vol + vol2
Frac_01=k(0,1)/(k(2,1)+k(0,1))

CLe is the clearance of material from Compartment 2. vol2 is the volume of
Compartment 2 assuming the concentrations in Compartments 1 and 2 are the same.
Vss is the total system volume, or equivalent volume of distribution. Frac_01 is the
fraction of material in Compartment 1 that is irreversibly lost.

When you have finished, the Equations dialog box should appear as follows:

_ioix

Egquations Defined Elsewhere (read-only):

flux(z,1) = k(2,1) * ql -
flux(l,2) = k(1,2) * gz

flux(0,1) = k(0,1} * gl

exl _bolus = 0.0

exl _infusion = 0.0

3]l = glfwol -
Kl k

Egquations Defined Here:

Cle = wol*k(0,1) :I
wvolZ = vol*k(Z,1)/k(1l,2)
Was = wvol + wolZ2

Frac_01=k(0,1)/{k(2,1)+k(0,1)]]

" o

b Close the Equations dialog box.
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5. Fit the model to the data, and view the solution and statistics. The results are
summarized in the following:

oot Ik
=1
107
E(2,1)
— k(1,2)
¥
@( x(0,1) 10% L
exl + F
103 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
a 2 4 B B
bl Statistics 1O =|
Parameter/Variakble Value S5td_Dev. Coef. of Var. 95% Confidence Interval
ki{z, 1) 0.17452 1.B8263ge-00Z 1.04685Z2e+001 0.13432 0.21472 :I
wol 2323_778el 3.8B561%=+001 1.55545e+000 2238.50218 2408.65103
————————————————————————————————— Derived Variables ————————————————————————————————
CLe 879_16766 Z_.87087et+001 4_ZZ705e+000 &815_58000 T4Z_3553Z
Frac 01 0.828l3 1.91430e-00Z 32.0573g8e+000 0.58400 0.868Z8
Vas 3756.231e0 3.Ze6l%e+00Z B.6353%=+000 3037.34a48 4475.11872
wol2 1432 _.45455% 3.13106e+002 Z2.18580e+001 T43.31285 2121.55710 _I
-
™ Correlation Matrix " Covariance Matrix % Objective
Objectiwve Scaled Data Wariance .
31 : plasma 1.338743e+001 1.112515e-001
Total ocbjectiwve 1.338743e+001
ATC 7.9355987e+000
BIC 8.0535955e+000 _ILI
< 2

The “Fit” is quite good as are the statistics. Note statistical information on the
parameters you defined in the Equations dialog box appear as Derived Variables in the
Parameter/Variable pane of the Statistics window.

5. Close the Plot and Statistics windows.

Quit the SAAM II Compartmental application. Do not save the changes to study_0.
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Part 3. Re-parameterizing the two-compartment model
It is sometimes desirable to reparameterize a model so that the desired pharmacokinetic
parameters become the model parameters. In this part of the tutorial, the two-compartment

model with loss from the plasma compartment will be reparameterized.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file study_0.

a. The file study_0.stu should appear in the file list; if it does not, find the folder where
you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

+ % SAAM II Compartmental - STUDY_0.STU - | Ellﬂ
File Edit WView Show Compute Set Window Help

0| 2|6| 8| & &5 BEEE =k Z|55] @

Toolbox =lc=
Model I

O

Compartment

E(2,1)
I Lock — k(1,2)
Experiment

[ame; Lracer k(U 1)

Choose, .. || Rename. ..

Create,,, | Remove,.,

-
1 | >

Select model component MUM 5

3. View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear as follows:
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k(2,1
ki(1,2)

'M (0,1
+

exl

4. Re-specify the model parameters.

The model parameters as the model is currently configured are vol, k(2,1), k(1,2) and
k(0,1). The model will be reparameterized in terms of clearances. The equations which
will be used are:

CLe = vol*k(0,1)

CLi = vol*k(2,1)

vol2 = vol*k(2,1)/k(1,2)
Vss = vol + vol2

In SAAM 11, these will be rewritten:
k(0,1) = CLe/vol
k(2,1) = CLi/vol
k(1,2) = CLi/vol2

The result will be that the model parameters become CLe, CLi, vol and vol2.

a. In the Experiment, double-click k(0,1) to open the Loss Attributes dialog box.

b. Inthe Equations pane, type “k(0,1)=CLe/vol”. The Loss Attributes dialog box will
appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Loss Attributes |

Transfer Coeffident: k{0, 1)
Reference Name:
Flow Rate: flux(d, 1) = k{0,1) *q1
Flow Rate Units: | mass/time

Equations :

k{0, 1)=CLe fvol

—Parameter Data
ki, 1)

Type:

" Fixed

i+ adjustable

Current Parameter 'u'alue:l 0. 10000000
Low Limit:l 0,0 1000000
High Limit:l 1.00000000

Done |

cancel_|

c. Click Done.

d. Double-click k(2,1) to open the Transfer Attributes dialog box.

e. In the Equation pane, type “k(2,1) = CLi/vol”. The Transfer Attributes dialog box

will appear as follows:

Transfer Attributes |

Transfer Coeffident: k(Z,1)
Reference Name:
Flow Rate: flux(2, 1) = k(Z,1) *q1
Flow Rate Units: | mass/time

Equations :

k{2,1) = CLifvol

—Parameter Data
k{2, 1)

Type:

" Fixed

i+ adjustable

Current Parameter 'u'alue:l 0. 10000000
Low Limit:l 0,0 1000000
High Limit:l 1.00000000

Done |

cancel_|
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f. Click Done.

g. Double-click k(1,2) to open the Transfer Attributes dialog box. In the Equations
pane, type “k(1,2) = CLi/vol2”. The Transfer Attributes dialog box will appear as
follows:

Transfer Attributes |

Transfer Coeffident: k(1,2)
Reference Name:
Flow Rate: flux(1,2) = k(1,2) *q2
Flow Rate Units: | mass/time

Equations :

k{1,2) = CLijvol2 ;|

—Farameter Data
k(1,2)
Type: | CurrentParameter Value:| 0. 10000000
" Fixed Low Limit:| 001000000
(+ pdjustable High Limit:| 1,00000000

Done | Cancel |

h. Click Done.

At this point, your model has been reparameterized.
4. Enter the parameter values.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters ﬂ The Parameters dialog box will open as shown below:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
Adv. Parameters — 21 SAAM II Version 2.1



Advanced Tutorials SAAM 11 v.2.1 Working with Parameters - Advanced

1) Parameters o ] |
Name | Type | Current | LowLimit | High Limit |
Cle Adi

CLi Adi

vol Adj 2000.0000 200.0000  20000.0000
vol2 Adj

Mame: Cle

Value: || (]jEdin:,J:I
Type: (" Fixed Low Limit:
{* aAdjustable I :lSaveé}

High Limit: |

Adjust value:

"'\.
1

| Done I Cancel Help |

[ Auto solve

You need to provide initial estimates for CLe, CLi, vol and vol2.
Note that vol is the only parameter that remains from the original setup
and retains its initial estimate, change as appropriate.

b. An initial estimate for CLe is 700, for CLi is 400, for vol is 2000 and vol2 is 1500.
When you enter these values, the Parameters dialog box should appear as follows:
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1) Parameters o ] |
Name | Type | Current | LowLimit | High Limit |
Cle Adi 700.0000 70.0000  7000.0000
CLi Adj 400.0000 40.0000  4000.0000
vol Adji 20000000 2000000 20000.0000
val2 Adj 1500.0000 150.0000  15000.0000

M -
e Value: | 1500 <]:|Edit|:5|
Type: (" Fixed Low Limit: [ 150,00000000 £
{* aAdjustable —Save

High Limit: I 15000.00000000

Adjust value:

o~
|

| Done I Cancel Help |

[ Auto solve

Click Done to close the Parameters dialog box.

6. Solve the model and view the solution. The initial parameter estimates are reasonable so
you can proceed to Fit the model to the data.

7. Fit the model to the data and view the results. A summary of the results follows:

-0l x

T T T T T T T T T I T T T I T
31
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4
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MmN _iolx]
Parameter/Variasble Value Std_Dev. Coef. of Var. 55% Confidence Interval
CLi 405.93483 3.88147e+001 9_.58181e+000 320.50405 491.3656:;'
wol Z323.45032 3.85710e+001 1.&6004e+000 ZZ3B8.59800 2408 .3B4%!
wolZ 1423 _33879 3.10120e+002 2.17115%e+001 T45_T78B7T3 2110_30858:
————————————————————————————————— Derived Variables -—————————————————————————————
k{0,1) 0.29247 1.45433e-002 4_57251e+000 0.2&8048 0.3Z244¢
kil 2 0.284Z0 7.5157%e-00Z Z.&64454e+001 0.11878 0.449&]
iz, 1) 0.17471 1.B3€50e-00Z 1.05118e+001 0.1342% D-ZlElE_I

-
™ Correlation Matrix ™ Covariance Matrix {* Objective
Objectiwve Scaled Data WVariance -
3l : plasma 1.3536743e+001 1.113515%e-001
Total objectiwve 1.336743e+001 -
Kl b
D=0

i Model re-parameterization. In the above situation it is quite easy to parameterize the
model in terms of the pharmacokinetic parameters. The results here should be
essentially the same as the part in this tutorial where these parameters were defined
in the Equations dialog box. Notice in this case the &(i,j) become the derived
variables.

For the one-compartment model, the one-compartment model with absorption and
the three-compartment model, re-parameterization is relatively straightforward.
However, in instances when there is a single-input multiple-output study (e.g. plasma
and urine samples), when the model has more than four compartments, or when the
model is nonlinear, re-parameterization can be a very tricky bookkeeping exercise,
and should be conducted with caution.

="".:l!'

7. Close the Plot and Statistics window.

Quit the SAAM II Compartmental application. Do not save the changes to study_0.
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Part 4. Work with parameter high and low limits

In the Parameters dialog box, for each adjustable parameter you must specify a Low and High
Limit. SAAM II uses this information when you Fit your model to your data. It interprets the
values for the Low and High Limit as a measure of the confidence you have in your knowledge
of a particular parameter. SAAM Il is very forgiving in these values, but if a particular limit
strays too far from the Value, it can affect the statistical results following a Fit.

This tutorial will illustrate what can happen using a simple one-compartment model with two
parameters, a loss k(0,1) and a volume parameter vol.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM 1II Compartmental study file Para_Limits.

a. The file Para_Limits.stu should appear in the file list; if it does not, find the folder
where you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

+* SAAM II Compartmental - PARA_LIMITS.STU - | I:Ilﬂ
File Edit View Show Compute Set Window Help

D|=|d| 8| 7P D23 S = Z|=2Z] B8
Toobox " paRe_ tmrssTo RI=

O

Experiment
[Jame: Exper
Chomse,,. | Rename...

E(0,1)

Create,,, || Remove.,.

o — |y | '

Select model component [ hum A
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3. View the model and the experiment on the model. In the SAAM II Toolbox, click

Experiment. The model of the experiment will appear as follows:

21

f/km;l}
v

exl

This study file contains a set of monoexponentially decaying data. The default weighting
value has been changed from the default “data-relative” to “data-absolute”. This can be
verified by viewing the Computational Settings dialog box which will as appear as

shown below:

Min. Mr. of Calculations Intervals: | Y | (1to 500)
— Integrator
¥ Use Relative Error:
- | 0.00100000
Runge+¥utta {1.0e-10 to 1.0)

[~ Use Absolute Error:

[T Compute Sample AUC's {greater than 0.0)

~ Optimizer
Max. Nr. of Fit terations: I 20 vI {0 to 50)
Variance Model ——————— [ Derivative
i* Data ¥ Absolute ¥ Forward
™ Model " Relative " Central

Convergence Criterion: I 0,00010000

(1.0e-7 to 1.0)
[ Indude Bayesian Term

Lambda: I 10, 00000000

(1,0e-7 ko 1, 0e7)

[T save Results to Text File

Level————— File —————
{" | Basic " Replace
" Detaled £ fdd
[l

Cancel | Help

Done I

4. Solve the model and view the solution

www.saam.com
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a. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click

Solve :I .

b. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot

@. The Plot and Table Variables dialog box will open. Be sure the List All
Variables check box is not selected.

c. Click sl:plasma to move this to the Current Selection pane.

d. Click Done. If the plot is not in semilog, in the View menu, click Semilog. The plot
will appear as follows:

=10l

1I:IJ1 T T T T T T T T T T T T

102 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0 A0 100 180
1 (wninutes)

e. Close the Plot window.

5. Perform a series of Fits with the Low and High Limit of k(0,1) set at different values.
The Low and High Limits of the parameters in Para_Limits have been set using the
default values in SAAM II. The Parameters dialog box will appear as follows:
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{* aAdjustable

Adjust value:

o~

S laTk
Marne | Type | Currentl Low Limitl High Limitl
kD, 1) Adj 0.0100 0.0010 0. 1000
wvol Adj 3400, 0000 340.0000  34000,0000
M -

ame: k{0, 1) Value: | b.01000000 <]:|Edit|:5|
Type: © Fixed

Lowy Limit: | 0.00100000

High Limit: |n. 10000000

:lSaveé}

1

[ Auto solve

| Done I

Cancel Help

Perform a series of Fits with the Low and High Limit of £(0,/) set at the values shown
in the following table. The left-hand columns are the Low and High Limit for £(0,1).
The columns “k(0,1)(CoeffVar)” and “vol(CoeffVar)” are the final parameter values and
coefficients of variations respectively. The column “Obj” is the value of the objective

function following the Fit.

k(0,1) Limits

k(0,1)(CoeffVar)

vol(CoeffVar)

Obj

[0.001,0.1]

[0.005,0.05]

[0.0001,1.0]

[1.0e-07,100]

[0,1000]

[0,0.1]

You should fill in this table starting with the default Low and High Limit of k(0,7)
respectively equal to 0.001 and 0.1. After the first fit, your table should appear as

follows:

www.saam.com
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k(0,1) Limits k(0,1)(CoeffVar) vol(CoeffVar) Obj
[0.001,0.1] 0.0089(7.4) 3288(4.4) 10.65
[0.005,0.05]
[0.0001,1.0]
[1.0e-07,100]
[0,1000]
[0,0.1]

You should reset the initial estimates of the parameters to their original values of 0.01
and 3400 respectively, and set the Low and High Limits for £(0,/) equal to 0.005 and
0.05 respectively for the second Fit. You should continue in this fashion until you have
completed the table which should appear approximately as follows:

k(0,1) Limits k(0,1)(CoeffVar) vol(CoeffVar) Obj
[0.001,0.1] 0.0089(7.4) 3288(4.4) 10.65
[0.005,0.05] 0.0089(7.4) 3288(4.4) 10.65
[0.0001,1.0] 0.0089(7.4) 3288(4.4) 10.65
[1.0e-07,100] 0.0089(7.9) 3287(4.5) 10.65
[0,1000] 0.0089(14.2) 3288(5.3) 10.65
[0,0.1] 0.0089(7.4) 3288(4.4) 10.65

After each Fit, you can check the plot of s1:plasma. As expected, it will not change
since the parameter values do not change, as noted above.

What you should observe in this exercise is that, when you can Fit successfully, the Low
and High Limits will have little or no effect on the parameter estimates themselves, or
the value of the objective function. What will be effected are the estimated coefficients
of variations. However, in this instance, the limits have to move far away from the Value
before this becomes noticeable. Thus SAAM Il is, in general, robust.

Understanding the effect of high and low parameter limits becomes crucial is when you
have a large model with many parameters, some of which may be better estimated from
the data than others. Here setting the Low and High Limits can have a dramatic effect
on the final results.

Close all open windows and dialog boxes.

Quit the SAAM II Compartmental application. Do not save the changes to Para_Limits.
Some additional comments on parameter limits are necessary.
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The previous tutorial illustrated a simple case of setting the parameter limits on one parameter.
In linear compartmental models, SAAM II is quite forgiving in setting these limits. There are
instances when limits must be set, or instances when realistic limits must be set in order to
achieve a successful fit of the model to the data.

An example of an instance in which a limit must be set rather than using the default value is the

following. Suppose you have a delay in your model where there are two losses from the delay.
This is illustrated in the following model:

d(3,2)

\

x(0,3)

E(2,1) —» 2

§
/

d(4,2)

k(0,4)

There are two possible routes by which material can leave Delay 2. Remember in SAAM 11, loss
from a delay is a fraction, i.e. a fraction of the material in the delay along the possible routes of
loss. When there is only one loss, the fraction is 1. In this situation above, d(3,2) + d(4,2) =1,
and both d(3,2) and d(4,2) must lie between 0 and 1. A convenient way of doing the
bookkeeping is the following. You can define

d(3,2) = frac
and
d(4,2) =1 — frac

frac becomes a parameter for which a Value, Low Limit and High Limit must be specified. If
you enter, for example, 0.5 in the Value box and use the default limits, the Low Limit will be
0.05 which is okay, but the High Limit will be 5 which is not okay since if in the process of
fitting, frac goes above 1, d(4,2) will become negative and Conservation of Mass will be
violated. Thus you must determine Low and High limits for frac that lie between 0 and 1.

Another example of where setting reasonable parameter limits rather than using the default
values is the following example which will use the SAAM II Numerical application. The data
to be analyzed are shown in the following plot:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
Adv. Parameters — 30 SAAM II Version 2.1



Advanced Tutorials SAAM II v.2.1 Working with Parameters - Advanced

=101]

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

80s

GO

[u}
1 I 1 1 1 I 1 1 1 I 1 1 1

408

o
[u]
o

1

I T T T I T T T I T T T I T T T
a

200

o
I

T Ll |

=
-
=
(0]
=
b
=

20
{ (Slice Mumber)

These data are cholesterol concentrations in 40 subtractions of high density lipoprotein. The
problem is to describe these data by a Sum of Gaussians using the SAAM II Numerical
application.

A Gaussian is a function of the form

L 1(r=py]
1=z 5[ | -osi<e

where, in this expression, u is called the mean and ¢ the standard deviation. It is known that
the area under this so-called bell shaped curve is unity, i.e.

ﬁo f(Hdt=1.

The mean g determines the location while the standard deviation ¢ provides a measure of the
"sharpness" of the gaussian. That is, the smaller the &, the narrower the peak.

A sum of four Gaussians will be used to describe these data. In SAAM 11, a single Gaussian is
written:

AT/(SAT#2.51)*exp(-(t-MA1)*2)/(2*SA1/2))

Where Al is a parameter characterizing the magnitude of the contribution of the Gaussian. SA/
and MAI are the standard deviation and mean of the gaussian. 2.51 approximates /27 . Thus
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the single Gaussian term has three parameters, A/, SAI and MAI. Thus in the sum of four
Gaussians, there will be 12 parameters, and the expression will be:

ya(t) = A1/(SA1*2.51)*exp(-(t-MA1)"2)/(2*SA172)) + A2/(SA2*2.51)*
exp(-(-MA2)"2)/(2*SA2°2)) + A3/(SA3*2.51)*exp(-((t-MA3)*2)/(2*SA3"2)) +
A4/(SA4*2.51)*exp(-((t-MA4)"2)/(2*SA42))

Initial estimates for the four means, MAI, MA2, MA3 and MA4 can be obtained by looking at
the data and estimating where the peaks may lie. Similarly initial estimates for the four standard
deviations can be obtained again just by looking at the sharpness of the peaks.

Initial estimates were obtained visually, and default values for the Low and High Limits have

been used. When the model is fitted to the data (with the FSD option), the best fit is shown as
follows:

B _ioix

6O

500

400

30

200

{ (slice number)

Obviously this is not satisfactory. Neither are the statistics which are shown below:
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Pstatisies =10l x|

Parameter Wariahle Walue Std_Dew. Coef. of War. 25% Confidence Interwval
Al S6Z6_70801 4.16023=+002 4.82250e+000 Y7L 84438 9477 _ 57104 =
LE 1771.89E568 E£.E55438=4+003 3.1403L5e+00F —9g08. 53437 13152 32624
L3 G624, 24791 3.Ele6Le+003 L5 1E5E89%=4002 —L9E4 EL18z TEQDI_ 03764
L4 E4EZ_ 71015 3.37144=+003 6&.1830&=+001 —-1442Z_ &6&E1l0 1z345._ 03540
MAl 10.998EE 3.8726le-001 3.EE7EZ=+000 10. 18681 11.770E2
MAZ Z6.78137 4_E0E54Ze+000 1.68230e+001 17.5667E 35.99533
A2 £3.32E59E Z.EZ153Ze+000 9. LEE388=+000 l2.782328 Z7.86946
A4 34.E02E8 E.97492%9=4000 8_&EELS=4000 Z8.41774 4D.58681;|
L Correlation Matrix - Cowariance Matrix 0 _I;I"

Objective Scaled Data Wariance ;I
valit) : data 2. 04348424000 2.1E53819=+000
Total objectiwe S.043424=+000
LIC E_T7E77Ed4e+000
EIC &_0E34158=+000

f o

What is happening is that the limits set on the means and standard deviations are not realistic
using the default values. For example, the High Limits for all the means are well beyond the
data which end at “40”. Visually, more realistic estimates for the Low and High Limits for both
the means and standard deviations can be obtained visually.

You can see the limits for the means and standard deviations are much closer to their initial
estimated Values. The default limits on the Ai are okay since these are linear parameters and are
not that sensitive to the limits.

Using these initial estimates and limits, if you fit the model to the data (with the FSD option),
you will obtain the following fit:

I _ioix
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The statistics are also satisfactory:

Pstatistics -lo/x|

Farameter /Variable Value Std. Dev. Coef. of Var. 9L5% Confidence Interwval
Al LEO00g. 7E990 £.92609%=+00Z L. 8264Z9=+000 4406 Z318E LEe07?_ ZE797 -
AF 2004_0Z810 3.45E870e+00Z2 1_15368=+001 FEIE_Z1z237 3717 8438F
Az 4005 41335 1.2842682+002 4_&6lE545=+001 ZEd.44140 778638650
A4 E00G. 63063 1.98E7Ze+003 3_96013=+001 9E1_E500Z Q051_80123
Ml 7.00000 3FO1E151e-001 4_45330=+000 &. 36158 T.E384E
ez 1500000 1.7112le-001 1.141Z1=+000 1l4._ 54989 1525010
JuF2Rc] ZE_0000Z 1.34624e+000 E&_322437=+000 ZEZ_Zdeed 27_75340
Iid 35.00002 1.7542Ee+000 5. 040&63=+000 21.39173 28_ 60827 LI
& Correlation Matrix { Covariance Matrix
Objectiwve Scaled Data VWariance ;I
walt) : data 7.238Z246e+000 1.000000=+000
Total objective 7 _Z239Z46e+000
AIC 4.831244=+000
EIC E.02Z011=+000

i o

This example thus illustrates the need to be aware of setting limits on your adjustable
parameters, and to pay attention to how they may need to change as you go through your
modeling exercise.
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Part 5. Using the Bayesian option to incorporate prior knowledge
What happens if you have prior information about a parameter in your model? It may be the

case, for example, a relationship between two parameters has been developed as a result of
research conducted elsewhere. How can you incorporate this knowledge in your model?

One way you can incorporate priori knowledge is to use the Bayesian option in SAAM II. This
part of the tutorial will illustrate how this can be done.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file study_0.

a. The file study_0.stu should appear in the file list; if it does not, find the folder where
you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

+* SAAM II Compartmental - STUDY_0.STU - | I:Ilﬂ
File Edit View Show Compute Set Window Help

D|=|d| 8| 72 BEmE =h ZI2Z| &8 x|

Toolbox *+ STUDY_0.5TU:1 =

Model I
k| O

Select  |Compartment

=ikcd

Drelay Flus E(Z2,1)
™ Lock — x(1,2)
Experiment

Marme: Eracer E(0,1)
Choose,., | Rename...

Create,,, | Remove...

™| Lock

o —| :
4| O | _’l_l

Select model component MUM 5
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3. View the model and the experiment on the model, and change the model.

a. Inthe SAAM II Toolbox, click Experiment. The model of the experiment will

appear as follows:
k(2,1)
o+ x(1,2)

k {U 1)
exl

b. Modify the model by adding a loss from Compartment 2. Your model for the
experiment should appear as follows:

k(2,1)
— k(1,2)

k{[l 1) kl[I:] 2)
exl

4. Specify a relationship between k(0,1) and k(0,2).
Suppose from the literature there is a known relationship between k(0,1) and k(0,2).
Suppose it is known that k(0,7) is approximately twice k(0,2). How can this be
incorporated in the model?

a. Double-click £(0,1) to open the Loss Attributes dialog box.

b. Inthe Equations pane, type “k(0,1) =a * k(0,2)”. The Loss Attributes dialog box
will appear as follows:
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Loss Attributes |

Transfer Coeffident: k{0, 1)
Reference Name:
Flow Rate: flux(d, 1) = k{0,1) *q1
Flow Rate Units: | mass/time

Equations :

ki0,1) =a *k{0,2) ﬂ

—Parameter Data
ki, 1)
Type: — | Current Parameter 'u'alue:l
" Fixed Low Limit:l
* Adjustable High Limit:

Done | Cancel |

c. Click Done. A new parameter, a, has been added to the model.

5. Enter parameter values, and Solve and Fit the model to the data.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters ﬂ The Parameters dialog box will open.

b. Be sure a is selected. Set a as a fixed parameter, type “2” in the Value box, and click
Save.

c. Double-click k(0,2) to select it. Type “0.05” in the Value box, and click Save.

d. Enter the other parameters as shown below: appear as follows:
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1) Parameters o ] |
Name | Type | Current | LowLimit | High Limit |
3 Fix 2.0000
k{D,2) Adj 0.0500 0.0050 0.5000
k(1,2) Adj 0.1000 0.0100 10000
k(2,1) Adj 0.1000 0,0100 10000
vol Adj  2000.0000  200.0000 20000.0000
M -

T Value: | 2000 <]:|Edit|:5|
Type: { Fixed -
L e Low Limit: [ 200,00000000 £
{* aAdjustable - —Save
High Limit: | 20000.00000000
Adjust value:
—]
[T auto solve
| Done I Cancel Help |

d. Click Done.

6. Solve the model. The initial parameter value, while not great, are sufficient to proceed
with a “Fit”. Fit the model to the data and view the solution. A summary of the “Fit” is

shown in the following:

E% plot

=10l x|
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31
a plozmao
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Plstatistics. =0l x|
Parameter/Variable Value Std.Dev. ©Coef. of Var. 85% Confidence Interval
a 2_00000 *% Fiwgad *+ wd Fiyad ** *% Tiwgad ** ¢ Fiyad *+ &
k{d,2) 0.05%316 1.35125e-00Z 1.38270e+001 0.08342 0.1283C
ki{l, 2 0.18417 &.18573e-00Z 3_.3587¢et+001 0.04802 0.32031
ki{Z, 1) 0_.268855 1_88230e-002Z 7_.011Z&e+000 0.22711 0.3100C
wol 2323.71417 3.85637e+001 1_.865357e+000 2Z38.8353%¢ 2408 .5923¢E
————————————————————————————————— Derived Variables —————————————————————————————————
k{d,1) 0.15%832 2Z_70250e-002 1_3&270e+001 0.13884 U.ZE.'?SC_I
-
" Correlation Matrix i~ Covariance Matrix ¥ Objective

Objective Scaled Data Variance -
3l - plasma 1.338743e+001 1.113513e-001
Total objectiwve 1.336743e+001
AIC 7.835986e+000
BIC B.053954=+000 hd
Kl ¥

Close the Plot and Statistics windows.

In this case, a was assumed to be known and equal to 2. The result is that there are four
parameters to be estimated from the data, and the “Fit” was successful. What would
happen if parameter a was adjustable?

7. Set a as an adjustable parameter.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters ﬂ The Parameters dialog box will open.
b. Double-click a to select it.
c. Seta as an adjustable parameter. Leave the initial Value equal to “2”. Type “0.5”

and “5” in the Low Limit and High Limit boxes respectively. The Parameters
dialog box will appear as follows:
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1) Parameters o ] |
Name | Type | Current | LowLimit | High Limit |
3 Adi 2.0000 0.5000 5.0000
k{D,2) Adi 0.0992 0.0050 0.5000
k(1,2) Adj 0.1842 0.0100 1.0000
k(2,1) Adj 0.2686 0,0100 1.0000
vol Adj 2323.7142  200.0000  20000.0000

M -

R Value: | 2.00000000 Q:Editcj;l

Type: © Fixed Low Limit: ID.EEIEIEIEIEIEIEI IQ
{* aAdjustable —Save

High Limit: | 5.00000000

Adjust value:

.
1

| Done I Cancel Help |

[ Auto solve

d. Fit the model to the data. The following warning message will appear:
7 Compute Log O] x|

WARNING: The following parameter limit(s) constrain further optimization: ;I
a hit loweer limit,

w

4 F i

The warning is that a hit a lower limit. If you continue to adjust the Low Limit, a
will continue to hit the lower limit. This means there are more parameters in the
model than can be estimated from the data.

e. Close the Compute Log dialog box.
f. Note the effect of initial values. Set a as an adjustable value as noted above and

restore all initial values of each parameter, the Parameters dialog box will appear as
follows:
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8.

1) Parameters o ] |
Name | Type | Current | LowLimit | High Limit |
3 Adi 2.0000 0.5000 5.0000
k{D,2) Adj 0.0500 0.0050 0.5000
k{1,2) Adj 0.1000 0.0100 1.0000
k(z,1) Adj 0.1000 0,0100 1.0000
vol Adj  2000.0000  200.0000 20000.0000
M -

T value: | 2000.00000000 <]:|Edit|:5|
Type: " Fixed Low Limit: [ 200,00000000 £
{* aAdjustable - —Save

High Limit: | 20000.00000000
Adjust value:
—]
[T auto solve

Help |

g. Fit the model to the data. The following warning message will appear:

2 Compute Log

multiple solutions. If available, the matrix should be used

WARNIMG: The covariance matrix is unreliable and may indicate ﬂ
for qualitative purposes only. Consider using Bayesian

estimation.

=101 %]

-

AW

The warning is that the covariance matrix is unreliable and suggests that the user

consider using the Bayesian estimation.

However, you may note that incorporating the Bayesian option, as shown below,
after receiving either one of these Compute Log Warnings, produces the same fitted

solution.

h. Close the Compute Log dialog box.

Incorporate prior knowledge about a into the model.

Suppose you really believed that k(0,1) was about twice k(0,2). Suppose you had
information on the value of a from another study. You can incorporate this knowledge
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using the Bayesian option in SAAM II. Suppose you know from the literature that a
value for a is “2” with a standard deviation of “0.05”. In this part of the tutorial, this
information will be incorporated into the model.

a. In the Compute menu, click Settings. The Computational Settings dialog box will
open.

b. Select the Include Bayesian Term check box. The Computational Settings dialog
box will appear as follows:

Min. Mr. of Calculations Intervals: I 20 vI {1 to 500)
~ Integrator

¥ Use Relative Error:
Pad | 0.00100000
Runge+futta (1.0e-10 to 1.0)

[~ Use Absolute Error:

[T Compute Sample AUC's {greater than 0.0)
~ Optimizer
Max. Nr. of Fit Iterations: Iﬂ {0 to 50)
Variance Model ——————— [ Derivative
% Data " Absolute ¥ Forward
" Model + Relative " Central

Convergence Criterion: I 0,00010000

(1.0e-7 to 1.0)
¥ Indude Bayesian Term

Lambda: I 10, 00000000 (1.0e-7 to 1.0e7)

[~ Save Results to Text File

Level————— File ————
r- Basic i RED'EIEE
" Detailed £ add
1Al

Dane I Cancel | Help |

c. Click Done.

d. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters E The Parameters dialog box will open.

(1) Double-click a to select it.
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&0

=i

o

(2) Select the type for a as Bayesian.
(3) Type “2” in the Mean box and “0.05” in the SD box.

(4) Click Save. The Parameters dialog box will appear as follows:

1 Parameters - 0] x|
Name | Type | Current | LowLmit |  HighLimit | Pop. Mean | sD |
a Bay 2.0000 0.5000 5.0000 2.0000 0.0500
k(0,2) Adi 0.0500 0.0050 0.5000
k(1,2) Adi 0,1000 0.0100 1.0000
k(2,1) Adi 0,1000 0.0100 1.0000

wol

Adj 2000.0000 200.0000 | 20000,0000

Mame: a

Type: { Fixed .
BiE e Low Limit: [ 0. 50000000 sD: [0.05000000 P
" Adjustable OSave

Adjust value:

Value: | 2.00000000 Mean: | 2.00000000 <}:|Edit|:J;|

. High Limit: | 500000000
i= Bayesian

L>

[T Auto solve

Done I Cancel Help

(5) Click Done.

The Bayesian option. If you have information about the value of a model parameter
from the literature, it is useful to include this in your model. When you have
Bayesian parameters in your model and you fit your model to your data, SAAM II
takes this information into account. If there is information in your data about a
Bayesian parameter, SAAM II will adjust it from its mean value. If there is little or
no information in your data about a Bayesian parameters, SAAM II will not adjust it
from its mean value.

Fit the model to the data. A summary of the results is shown below:
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=10ix]
1 05 T T T T T T T T T I T =
31 3
a ploszma .
10
1 I:IJ 1 1 I 1 1 I 1 1 I 1 1 1 I 1
0 2 4 A
1 (doys)

b Statistics

=10l x|

Parameter/Variable Value Std_Dev. Coef. of Var. 85% Confidence Interwval

=1 2.00000 ©.03023e—-00Z 3.01511e+000 1.867Z8 2.13272 ~|
k(0,Z) 0.0931& 1_4068Z4e-002Z 1_41815e+001 0_.088Z21 0.13011
ki{l,2) 0.18417 &.3505%3e-002Z 3.47018e+001 0.04350 0.32483
ki(Z,1) 0.28855 1.5805%2e-002 7.30181le+000 0.2Z53%9 0_21171
wol 2323.71417 3.58284e+001 1.71400e+000 2238.05233 £411.37e01
————————————————————————————————— IDEETshE, M Elslinm ——=——————————=———————————————=————= |
k{0,1) 0.19832 2.80250e-002 1.4131Z2e+001 0.13&884 0.28000

™ Correlation Matrix ™ Covariance Matrix = Objective

Scaled Data Variance
1.187747e-001

Objective

31 : plasma 1.2531%6e+001

-3.744665e-001

1.215750e+001

Bayesian

Total objective

AIC T.372687e+000
BIC 7.517547e+000

fi o

i Bayesian parameters. The Bayesian parameter option is a powerful way to
incorporate prior information about a parameter in your model. In almost all cases if
you use this option, you will achieve convergence. If your data do not contain much
information about the Bayesian parameter, then the value you entered for the Mean
and SD will not change much; if your data do contain information, they will change.
In this case, the Mean didn’t change; the SD changed a little.
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You should note that the precision of the model parameters is not as good as the
case, for example, when there were only four parameters to be estimated. This is
because of the additional uncertainty added by the Bayesian parameter.

Using this option can also be useful as a modeling technique. If in the process of
developing a model you cannot achieve a fit, you can sometimes use the Bayesian
option on a specific parameter. You can then tell from the resulting statistical output
which of the model parameters may be giving difficulty in achieving a “Fit.” This
can help identify where constraints on parameters or model simplification must be
undertaken.

f. Close the Plot and Statistics windows.

Quit the SAAM II Compartmental application. Do not save the changes to study_0.
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Saving and Restoring Solutions

Prerequisites

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

What you will learn in this tutorial
The purpose of this tutorial is to show you how save and restore solutions.

e How to save solutions and compare results among other solutions
e How to restore a specifically saved solution.

Files Required
Study Files: The study file for this tutorial is
study_0.stu

This file is included as part of this tutorial. This file is the same as study_0.stu that is
installed in the SAAM II program folder and referred to in the SAAM II Basic Tutorials.

Introduction

SAAM II enables you to save and work with different solutions of the model you are using.
When you save a solution you are, in effect, saving the state of the model (i.e., the current
values of the model parameters). Additionally, you may save selected variables with their
values as calculated during the last solve or fit. This can be used to compare results from other
solutions.

When you restore a solution, you are merely resetting the parameter values back to the saved
state for that solution. You are not resetting the values of any other variables. You must solve
to restore all other values.
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Part 1. Saving and restoring solutions

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file study_0.

a. The file study_0.stu should appear in the file list; if it does not, find the folder where
you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear. In the SAAM II Toolbox, click Experiment. The model of the experiment
for study_0.stu will appear on the Drawing Canvas as follows:

=21

(2,1)
x(1,2) !
/km,i:

exl

3. Solve the model and view the solution.

a. Inthe Compute menu, click Solve, or alternatively, on the SAAM II Toolbar, click
Solve ==l

b. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot
@. The Plot and Table Variables dialog box will open. Be sure the List All
Variables check box is not selected.

c. Click s1:plasma to move this to the Current Selection pane.

d. Click Done. Your plot will appear as shown below (in linear mode):
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Leave the Plot window open.
4. Save the solution.

a.
follows:

Bisoutons

In the Compute menu, click Solutions. The Solutions dialog box will open as

=101 x|

Mame Prefix: |

Solutions:

Solution Variables:

—Current Solution

Add...

Restore Seleched

WWW.saam.com
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8. The Solutions dialog box. The Solutions dialog box contains
The Name Prefix box. Here you can type the name of the solution; the default name
is “1.” If you type, for example, “base”, the solution will be saved with the name
“basel”; thus a number is always added to your name. This allows you to create a
sequence of solutions such as “basel”, “base2”, etc.
The Solutions pane listing the names of the saved solutions.
The Solution Variables pane with the names of the saved solutions variables for a
given solution, Clicking on the name of a solution in the Solutions pane will produce
a list of the variables saved in the Solution Variables pane.
The Current Solution pane providing you the option to Add a solution, or to
Restore Selected, a selected solution.
b. Type “Base ” in the Name Prefix box.
c. Click Add in the Current Solution pane. The Solution Variables dialog box will
open as follows:
x
Select Variables whose values are to be
saved with the Solution :
ex1.bolus -
ex l.infusion —
flux(D, 1)
flux(1,2)
flux (2, 1)
k(o,1)
k(1,2)
k(2,1)
plasma
gl
_
sl _res
51_wres —
t
wval ﬂ
| Done I Help |
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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00

8" The Solution Variables dialog box. The Solution Variables dialog box contains the
names of the model variables and/or parameters you may save with the solution.
These saved variables can be accessed for plotting or tabular purposes. They will be
saved with a suffix added to them. In this case, because the name of the saved
solution is “Base " hence saved as “Base 17, the variables will be saved with the
name {Base 1} associated with them. For example, if you save s1, the name
s1{Base_1} will appear in the Plot and Table Variables dialog box.

Hr a1
L ¥
d. In the Solution Variables dialog box, click s1 and then click Done. The Solutions
dialog box will appear as follows:
Blsolutions o [l P
Mame Prefix: I Base_
Solutions: Solution Variables:
Base_1
— Current Solution
Add... |
Restore Selected |
e. In the Solutions pane, click “Base 1”. The Solutions dialog box will appear as
follows:
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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TR JI=EY

Mame Prefix: I Base_

Solutions: Solution Variables:
s1{Base_1}

— Current Solution

Add... |

Restore Selected

8. The Solutions dialog box. When you click the name of a solution in the Solutions
dialog box, the variables and parameters saved with that solution will appear in the
Solution Variables pane.

f. Close the Solutions dialog box.
5. Change the value of k(0,1) and compare solutions.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters H The Parameters dialog box will open.
b. Change the value of k(0,1) from “0.1” to “0.2”.
c. Close the Parameters dialog box.

d. Solve the model. The plot will be updated as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
Solutions — 6 SAAM II Version 2.1



Advanced Tutorials SAAM II v.2.1

Working with Solutions

BOC0C

40503

I0C0C

20000

1000

= plot

=10l x|
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e. Compare this solution with the original base solution.

(1)In the Set menu, click Plot/Table Variables; use the

button or right-click in the plot window. The Plot and Table Variables dialog
box will open. Be sure the List All Variables check box is selected.

(2) Press the CTRL key, and click plasma, s1 and s1{Base_1}. The Plot and Table

www.saam.com

Variables dialog box will appear as follows:
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Plot and Table Variables X|

Variables for Y-Axis X-Aods |t
exl.bolus
ex 1.infusion
flux(o, 1
ﬂﬂih gg Select up to 10 Y-Axis
ﬂux(z: 1) Variables in List.
k(0,1
k(1,2)
b - Current Selection ;
q1 plasma

2 51
A
51 res
51 wres
t
wol

I List all Variables
Done I Cancel Help

8 Saved variables and parameters. Notice in the Variable for Y-Axis pane the saved
original solution s1{Base_1} appears. This is the only saved variable. If you had
saved other variables or parameters, these would appear in this list followed by

{Base_1}.
Hr a1
L ¥
(3) Click Done. The plot will appear as follows:
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6. Save the solution.

a. Inthe Compute menu, click Solutions. The Solutions dialog box will open as

follows:

Bisowtons NN

=101 x|

Mame Prefix: I Base_

Solutions:

Solution Variables:

Base_1

—Current Solution

Add...

Restore Seleched

Notice “Base " appears in the Name Prefix box, and “Base 1” is the original saved

solution. Leave the Name Prefix as “Base .

WWW.saam.com
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b. Click Add. The Solution Variables dialog box will open. Clear the selected

variables, press the CTRL key, and click q1, q2 and s1. The Solution Variables
dialog box will appear as follows:

x

Select Variables whose values are to be
saved with the Solution ;

ex1.bolus -
ex 1.infusion
flux(Dd, 1)
flue(1,2)
flux(2,1)
k{n,1)
k(1,2)

51 res
51 wres —
t

wol ll

| Done I Help |

c. Click Done. The Solutions dialog box will appear as follows:

TR i

Mame Prefix: I Base_

Solutions: Solution Variables:

Base_1
Base_2

—Current Solution ——————————

Add... |

Restore Seleched

Notice the Name Prefix “Base ” remains, but the number “2” is added. Thus
“Base 2” is the second “Base_ saved solution.
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d. In the Solutions pane, click “base2”. The Solutions dialog box will appear as
follows:

TR JRI=EY

Mame Prefix: I Base_

Solutions: Solution Variables:
|E=ase 1 ql {Base_Z2}

q2 {Base_2}

51 {Base_2}

— Current Solution

Add... |

Restore Selected |

The variables in the Solution Variables pane are those that you saved; they will
appear as variables in the Plot and Table Variables dialog box.

e. Close the Solutions dialog box.

7. Fit the model to your data. In the Compute menu, click Fit, or alternatively, on the

SAAM II Toolbar click Fit L"-_-J Since the Plot window was open during the “Fit”, the
Plot window will be updated as shown below:
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Remember your previous plot had s1{basel} as a variable in the Current Selection
pane; thus this plot compares the best fit of the model to the data with the original
solution.

8. Compare all three solutions.
a. Inthe Set menu, click Plot/Table Variables; click the select variables button or
right-click in the plot window and select Variables... The Plot and Table Variables
dialog box will open. Be sure the List All Variables check box is selected.

b. Clear the selected variables, press the CTRL key, and click plasma, s1, s1{Base_1}
and s1{Base_2} to move these variable to the Current Selection pane.

c. Click Done. The plot will appear as follows:
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d. Close the Plot window.

e. Inthe Show menu, click Table, or alternatively, on the SAAM II Toolbar click
Table !] The following table will open.
=101 %]
| t plasma 31 51 {Base_1} 51 {Base_2} =
ao.0aa - 44755 102 5Z000_000 52000.000
7.00000e-003 48780.000 44505.145% 51527.284 51850.527
4_Z0000e-002 43522 _000 438B88.0392 51585_485 51345 _3&5
O.125 42535_000 47234734 50720.094 50050.05&
0.250 40125.000 398B7.777 43479 _518 48257 .9%:2
0.375 38221.000 37701.808 43277.014 48500.570
0.500 35562000 35664 _.538 47111 _3&5 44314 885
a.750 - 31555.17¢ 44385_93¢61 41645.745%3
1.000 28154 _000 ZBBOZ_.Z33 427594 330 3BTZB.B4:Z
1.450 - 24045 _ 853 35340.00% 34045_108
1.725 - Z2leg4.230 37405.74% 31512 _801
Z2_000 19573 _000 13600.851 356805.189 23155_5&1
Z.450 - 18795.738 32501 .05%9 ZB5BZ5.977
Z2.TE5 - 153&858.731 31385.008 235537 .303
3.000 14403_000 14120.753 253571.5330 Z22324.748
3.450 - 12357 .815 Z27848_9380 138B8.845
3_.T7Z5 - 1150&8.125 Zeese.048 185684 _804
4_000 11275.000 10715.574 25540.030 17351.718
4. 450 - S9803.404 Z38gz2.41z2 15581 .7€¢€
4_TZ5 - 301e.148 FZSZ0.4Z23 14817 .450
5.000 8081 _000 8487 _.371 ZZ038.351 13732 .64%3
5._450 - T728.045 20704802 124358 _224
5.T7Z5 - T318.557 13555_152 11731.041
e.000 €953 _000 8944 012 13250_5&5 110B0.7Z23
e.450 - 8385 _272 1818&.512 101Z2&.355
e.TZ5 - e053_43¢ 17588.168 9e03.172
7.000 5853_000 5813.407 17020.800 5120.734
T7.450 - 53585.873 16le4_07& 8410.01%
T.TZ5 - 518z _344 15679.375 g018.784
g.000 5135_000 45943 155 15221 .&76 T7e5e.81%
2.450 - 4511.747 1452&8.287 T121.125
B.725 - 4423 588 14131441 c824 778
5_000 - 4Z4g_ 214 13757 .804 85453 _ 523 —_—
g_.000 4210_000 4Z4g 214 13757 .804 85453 523 .:J
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Because the previous plot had the Plot and Table Variables plasma, s1, s1{basel}
and s1{base2} selected, these the variables will appear in the table. To change the
variable, simply open the Plot and Table Variables dialog box, and select those

variables you would like to view in tabular form.

f. Close the Table window.

9. Compare q1{base2} with q1 from the best fit.

a. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click Plot

@. The previous plot will open.

b. In the Set menu, click Plot/Table Variables; click the select variables button or
right-click in the plot window and select Variables... The Plot and Table Variables
dialog box will open. Be sure the List All Variables check box is selected.

c. Press the CTRL key, and click q1 and q1{base2} to move these variables to the
Current Selection pane. Notice there is no q1{basel}; this is because you did not
save q1 as a variable for basel. Click Done. The plot will appear as follows:

= plot

=10l i
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d. Close the Plot window.

10. Save the solution from the best fit.

a. Inthe Compute menu, click Solutions. The Solutions dialog box will open.

b. Type “Fit_” in the Name Prefix box.

WWW.saam.com
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c. Click Add. The Solutions Variables dialog box will open.
d. Click s1 and Done.

e. In the Solutions dialog box, click “Fit 1. The Solutions dialog box will appear as
follows:

TR JI=EY

Name Prefix: | Fit_

Solutions: Solution Variables:
Base_1 s1 {Fit_1}

Base 2

At 1

— Current Solution

Add... |

Restore Selected

f. Close the Solutions dialog box.

11. Restore the original solution {Base 1}.
a. Inthe Compute menu, click Solutions. The Solutions dialog box will open.
b. Click “Base 1”. The saved variables for “Base 1” will appear in the Solution

Variables pane as shown below. Notice also in the Current Solution pane, Restore
Selected is active. You now have the option to restore this solution.
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TR JI=EY

Mame Prefix: I Fit_

Solutions: Solution Variables:
s1{Base_1}
Base_2
Fit_1

— Current Solution

Add... |

Restore Selected

c. Click Restore Selected. The following message will appear:

SAAM I Compartmental x|

h Solution has been restored. SOLVE to obtain solution values,

d. Click OK.

e. Solve the model and view the solution. You will see it is the original solution. You
can confirm this by examining the parameter values. Close all open windows and
dialog boxes.

11. Add a compartment to the model.

a. Add a third compartment to your model. The new model should appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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=21

E{2,1)}
E{1,2)

%km.l?
¥

exl

b. Add parameter values to your model.

E{3,2)
E{2,3)

(1) In the Show menu, click Parameters, or alternatively, on the SAAM II

Toolbar, click Parameters H The Parameters dialog box will open. Notice
the values for k(2,1), k(1,2), k(0,1) and vol are those for study_0.

(2) Double-click k(3,2) to make it active. Type “0.01” in the Value box, and click
Save. Repeat the process for k(2,3). The Parameters dialog box will appear as

follows:

il
MName | Type | Currentl Low Limitl High Limitl
k(D,1) Adj 0. 1000 0.0100 1.0000
k(1,2) Adj 0. 1000 0.0100 1.0000
k(z2,1) Adj 0. 1000 0.0100 1.0000
k(2,3) Adi 0.0100 0.0010 0. 1000
k(3,2) 0,0100 0,0010 0, 1000
wvol Adj 2000, 0000 200,0000  20000.0000
M -

ame k{zj'S} ualue: I 0.01 {::I Edit &

Type: { Fixed
* Adjustable

Adjust value:

—

Laow Limit: | 0,00100000

:lSaveé}

High Limit: | 0. 10000000

i

[T Auto solve

Done I

Cancel

Help |

(3) Click Done.

c. Solve the model, and compare the solution with the best fit to a two-compartment

model solution.

WWW.saam.com
Solutions — 17
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(1) In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar,

click Solve jl

(2) In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, click

Plot @ A plot of the current solution s1 and the plasma data may appear. If a
plot opens, in the Set menu, click Plot/Table Variables; click the select
variables button or right-click in the plot window and select Variables... The
Plot and Table Variables dialog box will open. If a plot does not open, the Plot
and Table Variables dialog box will open. Be sure the List All Variables check
box is selected.

(3) Press the CTRL key, and click plasma, s1 and s1{fitl}. The Plot and Table

Variables for Y-Axis

flux(z, 1) -
flux(2,3) J
flux(3,2)
ko, 1)
k(1,2)
k(2,1)
k(2,3)

ki 3,2:!|

gl

gl {Base_2}

gl

q2 {Base_7}
3

51 {Base_1}
51 {Base 2

s1_res j

Variables dialog box will appear as follows:

Plot and Table Variables

¥-Axis | t

Select up to 10 Y-Axis
Variables in List,

Current Selection ;

plasma
51

51 {Fit_1}

I List all Variables
Done I Cancel

X

(4) Click Done. The Plot window will appear as follows:

www.saam.com
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= plot

=10l x|

T T T T I T
a plozmao

31
=== 31 {Fit 1}

40000 -
e ]
0000 . ]
- [« .
20000 |- -
10000 - TR ]
L n-___n. . 4
C 1 1 1 ] 1 1 1 ] 1 1 1 ] |-- 'I"E - _g_
0 2 4 & B
1 (day=)

8. Saved solutions. It is important to know that, even though you changed the model
structure by adding a third compartment, the solutions saved for the two-
compartment model remain, and can be compared with your work on the third
compartment.

=
d. Fit the model to the data. In the Compute menu, click Fit, or alternatively, on the

SAAM II Toolbar click Fit !IJL] The following warning message will appear:

7l Compute Log =10l x|
WARNING: The following parameter limit(s) constrain further optimization: -
k(2,3) hit upper limit.
k(3,2) hit upper limit.
-
4 F ,..-:'P_:

The Plot window will be updated as follows:

© 2011 University of Washington and The Epsilon Group
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=10/.%]

T T T T T T T T T T T T I T -

a plozmao 1

31 e

40000 == a1 {Fit 1} -

I0000 - 4

20000 |- _

10000 - 4
0

NOTE: The combination of the warning message and the identical fit of the model
to the data indicate a third compartment is not supported by the data.

e. Close the Compute Log window and the Plot window.
12. Restoring the original two-compartment model
a. Inthe Compute menu, click Solutions. The Solutions dialog box will open.

b. In the Solutions pane, click “Base 1”. The Solutions dialog box will appear as
follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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TR JI=EY

Mame Prefix: I Fit_

Solutions: Solution Variables:
Base 1 s1 {Base_1}
Base_2
Fit_1

— Current Solution

Add... |

Restore Selecked

Although “Base 1 is active, the Restore Selected option in the Current Solution
pane is dimmed.

i Restoring solutions. When you restore a solution, the model on the drawing canvas
must be the same structural model as the saved solution. In the above case, the
current model is a three-compartment model while the saved “basel” solution is a
two-compartment model. Thus it cannot be restored.

c. Close the Solutions dialog box.
d. Delete Compartment 3 from the model.
(1) Click Compartment q3 to make it active.
(2) Press the Delete key. The model and a warning message will appear as follows:
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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k(2,1) k(3,2)
xi1,2) k(2,3
x|

% TLRTY SAAM II Compartmental

exl

gl

& WARNIMG-= All selected objects will be deleted,
L /.-' When a compartment or delay is deleted, all attached
= arrows, samples and inputs are also removed.

Cancel |

(3) Click OK. The original two-compartment model will appear on the Drawing
Canvas.

e. Inthe Compute window, click Solutions. The Solutions dialog box will open.

f. In the Solutions pane, click “Base 1”. The Solutions dialog box will appear as
follows:

TR i

Mame Prefix: | Fit_

Solutions: Solution Variables:
s1{Base_1}
Base_2
Fit_1

—Current Saolution

Add... |

Restore Selected |

Now because the model on the Drawing Canvas is the same as the original saved
model, the Restored Selected option is available in the Current Solution pane.

g. Click Restored Selected. The following message will appear:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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SAAM I Compartmental x|

I k Solution has been restored. SOLVE to obtain solution values,

h. Click OK, and close the Solutions dialog box.

i. Solve the model, and view the solution. In the Plot Variables dialogue box, uncheck
the ‘List All Variables’ box. Double-clicking ‘sl:plasma’ will clear the ‘Current
Selection’ replacing it with s1 and plasma. The original solution will appear as
indicated by the following plot.

=101 x]

5000

[

40G0C

&

JOC0c

20000

10000

=
ha
[l =
(=3}
o [

(doys]

j. Close all open windows and dialog boxes.

13. Save this study file and its solutions.
a. In the File menu, click Save As. The Save As dialog box will open.
b. Type “solutions” in the File Name box.

c. Click Save.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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14. Quit the SAAM II Compartmental application. In the File menu, click Exit. The
following message will appear:

SAAM TI Compartmental x|

:l Solutions have changed. Do you wish to save?

Yes I Mo Cancel

If you click Yes, a file called solutions.sol. containing the solutions will be created. The
“.sol” indicates a SAAM 1II solutions file. When you open solutions.stu, the solutions
saved will be available in the Solutions dialog box. If you click No, the solutions will
not be saved.

Click Yes. Now when you open solutions.stu, your solutions will be available.

i Restoring solutions.
In order to restore a solution, the model on the drawing canvas must be the same
structural model as the saved solution. Otherwise, ‘Restore Selected” will be greyed
out in the Solutions dialog box
When you restore a solution, the Minimum Number of Calculations Intervals in the
Computational Settings must be the same as the saved solution. Otherwise,
‘Restore Selected’ will be greyed out in the Solutions dialog box

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Simulating Data

Prerequisites
The prerequisite for this tutorial is having worked through the SAAM II introductory
basic tutorial, “Getting Started with Compartmental SAAM I1.” It will be helpful to

have worked through the Advanced SAAM II tutorial “Working with Change
Conditions.”

What you will learn in this tutorial

The purpose of this tutorial is to show you how to simulate experimental data given a model.
You will learn

e How to create plasma data (a single input-single output experiment) (Part 1)
e How to create plasma and 24 hour urine collections (a single input-two output
experiment) (Part 2)

Files Required
Study File: The study file for this tutorial is
study_0.stu

This file 1s included as part of this tutorial. This file is the same as study_0.stu that is
installed in the SAAM II program folder and referred to in the SAAM 1II tutorials.

Data File: The data file for this tutorial is

SimPlasUrine.dat

Introduction

This tutorial will show you how to simulate experimental data for a single subject given a model
and an experiment on the model. The simulated data are generated using the FORTRAN
function RAND(). RAND() is a random number generator that will generate random numbers
between zero and 1.

The way the RAND() function will be used is the following. If RAND() generates a random
number between zero and 1, then

RANIX)—-0.5 - will generate a random number between -0.5 and 0.5. Thus
2*(RANIX)—-0.5) - will generate a random number between -1 and 1.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Consider now, for example, Compartment 1. q1(t) is the solution of the differential equation
q1°(t); its values are calculated at the times samples were collected. The sample s1, for example,
is a function of q1(t) such as “s1=ql/vol.”

To create simulated data, a new sample on the desired compartment will be created. In the
Equation dialog box, a function “error” will be created as follows:

error=2*(RANIX)-0.5)
The new sample equation, if the sample is in terms of concentration, will be written:

s2 =(ql + (wt*error)*ql)/vol

What is the effect of this equation? The key is in the term “wt*error”. “wt” will be the weight
assigned. Thus the product “wt*error*ql” will produce a random error term equal to “wt”
associated with q1(t). If “wt” is a fractional standard deviation of 10%, then this would be

written:
s2 =(ql + (0.1*error)*ql)/vol
You can assign any error structure you want as long as it falls in the general equation supported
by SAAM II:
wt=A + B*ql(t)"C

The simulated data can be used in the DATA window for analytical purposes, or can be used to
create a table which can be exported to a spreadsheet.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Part 1. Simulating plasma data

Suppose you had one or two prototype experiments and you were developing a model of the
system. Simulating data sets will allow you to examine the robustness of your model and can be
used to suggest changes in the experimental protocol, particularly when samples should be
drawn.

In creating simulated plasma data, one can start from a model (with parameters and
experimental design) and no data. To create the simulated data, one must create a data file
containing the desired data (sample) points. For example, one could have a model and create the
following data file:

I=IE
s

DATA =

t plasma

y29 0

0.25 n

0.5 n

1 n

3 n

5] n

12 n

18 n

0 0 |

1 n

2 n

3 n

4 n

5 n

=] n

7 n

g n

9 i

EMD -
Kl 3

Edited

This will result in simulated plasma samples at 15 and 30 minutes, 1, 3, 6, 12 and 18 hours, and
then daily to 9 days. The “n” in the plasma column is simply a placeholder for “plasma”.

The alternative is to use an existing study file that contains data. This part of the tutorial will use
the study file study_0, which already contains a data set. What you will learn is how to create a
new data set that parallels the existing data

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file study_0.
a. The file study_0.stu should appear in the file list; if it does not, find the folder where

you put this tutorial.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

.= SAAM II Compartmental - STUDY 0.STU - | Ellﬂ

File Edit View Show Compute Set Window Help
MEENENEERD === E T

o
Mode! I =

[ Lok

[darme: Eracer

Choose,.. | Rename:.. k(2,1)
Create... | Remove... E(1,2)
E(0,1)
™ Lock
-
Select model component I_ W I_ y

3. View the model and the experiment on the model. In the SAAM 1I Toolbox, click
Experiment. The model of the experiment will appear on the Drawing Canvas as
follows:

4. Solve the model and view the solution. The plot of s1:plasma will appear as follows (in
semi-log mode):

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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Close the Plot window.
5. Create the error function.

a. Inthe Show menu, click Equations, or alternatively, on the SAAM II Toolbar,
click Equations E‘.J The Equations dialog box will open.

b. Type the following equation in the Equations Defined Here box:
error = 2*(rand()-0.5)

The Equations dialog box will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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_ioix

Equations Defined Elsewhere (read-only):

fluxi{l,Z) = ki{l,Z) * g2 -
fluxi{Zz, 1) = ki{Z,1) * gl

flux{0,1l) = k{0,1) * gl

exl _bolus = 0.0

exl _infusion = 0.0

31 = gl/fwvol -
K1 LIJ

Equations Defined Here:

error = Z* (rand()-0.5) ﬂ

0 o

c. Close the Equations dialog box.

6. Create the sample to generate the simulated data.
a. Inthe SAAM II Toolbox, click Sample.

b. Click Compartment q1 and then click on the Drawing Canvas. The sample s2 will
appear associated with q1.

c. Double-click s2 to open the Sample Attributes dialog box.
d. Change the equation for s2 to read:
s2=(ql+fsd*error*ql)/vol

The Sample Attributes dialog box will appear as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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Sample Attributes X|

Mame: s2
Units: I
Assodate with Data Mame: I

Equations:
s2=(g1+sd®error*gq1)jvol ;I

Done I Cancel Help |

The model will appear as follows:

Samples and simulated data. Notice the original sample s1 remains associated with
the original plasma data. Sample s2 will be used to generate simulated data. Keeping
both samples will let one compare the original and simulated data.

In the Sample Attributes dialog box, click Done.

Creating simulated data. As explained in the Introduction to this tutorial, the
function “error” will generate a random number between -1 and 1. The effect of the
“fsd*error*ql” part of the sample equation is the following. In this example, the
error associated with the simulated data will be fractional standard deviation. An
actual value could be used in the equation instead of “fsd” if you know exactly what
the percent error should be. Writing the equation in this way will result in “fsd”
becoming a parameter, fsd, which will appear when you open the Parameters dialog
box. In this way you can adjust the percent error to a value which will generate
simulated data in line with the kinds of real data you anticipate generating in a real

WWW.saam.com © 2011 University of Washington and The Epsilon Group
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experiment. Thus the term “fsd*error” will be a random number not between -1 and
1, but between —fsd and fsd. This, when multiplied by the model solution q1(t) will
give a random error equal to the assigned “fsd”. When added to q1(t), it will produce

a datum with a random “fsd” error.
U=
Ty

7. View the Parameters dialog box, and enter a value for fsd.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters ﬂ The Parameters dialog box will open.
b. Double-click fsd to make this the active parameter.
c. In the Value box, type “0.05”.
d. Select Fixed as the Parameter type.

e. Click Save. The Parameters dialog box will appear as follows:

|} Parameters -10] x|
Mame | Type | Current |  LowLmit |  High Limit |
fd Fix 0.0500
k(0,1) Adi 0.1000 0.0100 1.0000
k(1,2) Adi 0.1000 0.0100 1.0000
k(2,1) Adi 0.1000 0.0100 1.0000
vol Adi 3000.0000 300.0000  20000.0000
Mame: fsd

L@ Linnit: I 0, 00500000 IQ
" Adjustable CaSave
Hih Lirrik: | 0. 50000000

Value: IEI.EIS <‘,::IEl:|it|:J‘j
Type:  Fixed

Adjust value:
—
[T Auto solve
Done I Cancel Help |
WWW.saam.com © 2011 University of Washington and The Epsilon Group

Simulate Data — 8 SAAM II Version 2.1



Advanced Tutorials SAAM II v.2.1

Simulating Data

f. Click Done.

8. Fit the model to the data. The plot of s1:plasma will appear as follows:

= plot

=10l i

10

¥ Parameters and simulated data. The strategy in simulating data in this situation is to
simulate data comparable to the original data. In this case, you want to simulate data
similar to that in study_0.dat. Thus you need to Fit the model to the data since the
simulated data are based upon the model, and you need a good model description of
the original data as a starting point. Once the Fit is performed, you will only be
solving to generate new simulated data sets. Of course fsd must be a fixed parameter.

U=
L ¥

9. View the simulated data.

As part of the fitting process, you solve the model so you will have generated a set of
simulated data. A plot of s2 in linear mode will appear approximately as follows:

www.saam.com
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A plot of the solution s1 compared with s2 in linear mode will appear as follows:

=101

40G0C
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20000

10000
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o

There are two points that need to be made.

The word “approximately” is used because each time you Solve, you will obtain a new
set of simulated data. Thus your simulated set may not look exactly like these.

The second is s2 not smooth while s1 is smooth? The answer is that s1 contains the
solution q1 which is a smooth, continuous function. On the other hand, s2 contains the
solution q1 to which error has been added. At each SAAM II calculation point, a value

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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of s2 which contains this error is calculated, and plotted. This is why s2 is not smooth. In
this case, fsd is 0.05 or only a 5% error. If you increase the value of fsd, the s2 will
exhibit much more variability when compared with s1.

Close the Plot window.
10. Modify the format for the simulated data.

a. View the simulated data in tabular format. In the Show menu, click Table, or

alternatively, on the SAAM II Toolbar, click Table . Since the Plot window
was previously opened with s1 and s2, the Table window will open as follows:

_io x|
Il t 31 32 B
0.000 44754 _T3Z 45848480
7.00000e-003 44803789 47592 338
4 _Z0000e-002 43887.777 41300.994
0.125 42234 517 42355 .147
0.250 39887.887 39718.298
0.375 37701.825 3305&.1a6
0.500 35ce4.842 3EZeZ.0Z8
0.750 315385.409 311&0.298
1.000 2880z _.803 20029 _861
1.450 Z4050_Z18 Z52Z3.8B74
1.72Z5 Z2lee4.852 22e04.873
Z2.000 15601.1593 15515._457
Z2.450 16879 . 027 16641764
Z2.7E5 15368 .382 14724 _ 888
3.000 14121 _00& 14437 .891
3.450 12397 _9&8 11872.0324
3.725 1150&.245 11895_30&
4_000 10715. 865 10742171
4_450 3603 .457 98363.817
4 725 8901&.183 BE2Z.993
5.000 B487.3592 BEEBB2.37&
5.450 T728.050 T818.388
5.725 7318 .55¢6 7033.057
&.000 £944 _00%9 &785.413
&.450 B335 _Zg&9 &330.087
&.7Z5 8033 .43¢ B8308.428
7.000 5813.411 5937 _885
7.450 5355_888 5245 _ 484
T.72Z5 5182386 5031.43¢
8.000 45343 185 4885 227
2.450 4511731 4528327
B.725 4424 042 4558 &85
5.000 4748 _ZT8 4438 083 ||
5.000 4745 _ZTE 4403 185
[

This allows you to compare the simulated solution s1 with the new simulated data set
s2. There are many more simulated data than in your original data file because
SAAM II will calculate a simulated datum at each calculation point. How to deal
with this will be explained below.
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b. Inthe Compute menu, click Settings. The Computational Settings dialog box will
open.

c. Type “1” in the Min. Nr. of Calculation Intervals box. The Computational
Settings dialog box will appear as follows:

Min. Mr. of Calculations Intervals: | 1 | (1 to 500)
~ Integrator
¥ Uze Relative Error:
- | 0.00100000
Runge+utta {1.0e-10 to 1.0)
[~ use Absolute Error:
[T Compute Sample AUC's {greater than 0.0)
~ Optimizer
Max. Mr. of Fit Iterations: I 20 vI {0 to 50)
Variance Model —————— [~ Derivative
{* Data ™ Absolute {* Forward
" Model ¥ Relative " central

Convergence Criterion: I 0,00010000

(1.0e-7 to 1.0)
[ Indude Bayesian Term

[Lambda; I 10, 00000000 (1,087 ko 1,087

[ save Results to Text File

Level——— File

| Basic " Replace
" Detaled ) add
Al

Daone I Cancel Help

d. Click Done. Notice the Table window changes as follows:

© 2011 University of Washington and The Epsilon Group
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| .
T7.00000e-003
4 _Z20000e-002

0.125
0.250
0.375
0.500
1.000
Z.000
3.000
4_000
5.000
g.000
7.000
2.000
5.000

31

=10 x|

This now has the sample times in agreement with the original data file because the

minimum number of calculation intervals has been set equal to 1. Notice there are no
values for s1 or s2; this is because the computational settings have been changed. To
obtain values, you must Re-Solve.

e. Re-Solve the model. The Table will be updated as follows:

| c
0.0a0a0
7.00000e-003
4 _Z20000e-002
0.125

0.250

0.375

0.500

1.000

Z.000

3.000

4._000

5.000

&.000

7.000

8.000

5.000

5.000

31
44754 732
44808 .785
43887.777
42234 517
39887 .887
37701.825
35664 . 842
ZBB02.581
19800248
141158 .248
10712.784
2485.080
8942 350
5812230
4342 455
4245 812
4245 212

=10l x|

32
45322384
43333.3e7
43400.574
40375418
41755.5975
37448.5355
34222.742
29085 _7586
19028651
14596.564
10847.82¢

8354175
T085.712
5771.5362
4814855
4214 178
4324 244

Notice there are two values at day 9. SAAM II always calculated two values at the
last sample point. You can simply delete one of them when you continue your work.

www.saam.com
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8 Solving and simulated data. Every time you Solve, you will generate a new set of
simulated data. This is because, in this case, s2 gets calculated with each Solve. Thus
if you compare the data set generated above with the original set of simulated data,
there will be differences. This is useful if you are generating several sets of simulated
data. You can simply Solve, save the data as described in Step 10, Re-Solve and

continue.
10. Use the simulated data.

There are many ways you can use the simulated data. One is to cut and paste the data to

a spread sheet. Another way, cutting and pasting directly into the Data window, and

fitting the model to the data will be illustrated how.

a. Inthe Set menu, click Plot/Table variables. The Plot and Table Variables dialog
box will open. Click s2 to move this (as the only variable) to the Current Selection
pane. Click Done. The Table window will appear as follows:

[ Table =10 x|

Il t 32

0.000 45690.270

7.00000e-003 44283758

4.20000e-002 42227.80%

O.1Z5 40235 _&e538

0.250 38812.739

0.378 38417.329

0.500 34305.839

1.000 259854 _ 804

z.000 19747.853

3.000 14493 728

4.000 10430.849

5.000 5454 485

§.000 §630.064

7.000 5770.241

8.000 4376.314

5.000 43g0.785

3.000 4217.817

b. Select and copy the data in the Table window. Close the Table window.
c. Open the Data window, and select the contents of this window as shown below:
WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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0,007
0,042

=R=RLER;

Data Format is okay

Notice the first two and last lines have not been selected.

c. In the Edit menu, click Paste. The Data window will appear as follows:

-l x]
DATA -
(FSD 0.1)

t 52
0.000 45590, 270
F.00000e-003 44283, 756
4, 20000e-002 42227.805
0.125 40239,698
0.250 38812.739
0.375 38417.929
0.500 34305.839
1.000 295884.864
2.000 19747.853
3.000 14493.723
4,000 10430.58499
5.000 8454.435
&.000 6630.064
7.000 570,241
5.000 4975.914
9.000 4360.765
9.000 4217.817
EMD
-
< Ll_l
Edited

d. In the Data window:
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(1) Change “s2” to “plasma”.
(2) Remove the zero time value. Remove the second datum at day 9.
(3) Remove any spaces before the “END” statement.

(4) In the Edit menu, click Check Data Format. Correct any errors if there are any.
The Data window should appear as follows:

I=TE
[EEESSSSSSSSSSSSS—
DATA A
(FSD 0.1)
t 52
0.000 45590, 270
F.00000e-003 44283.756
4, 20000e-002 42227.805
0.125 40239.698
0.250 38812.739
0.375 38417.929
0.500 34305.899
1.000 29884.864
2.000 19747.853
3.000 14493.728
4,000 10430.58499
5.000 8454.435
5.000 6530.064
7.000 570,241
5.000 4975.914
9,000 4360,765
9.000 4217.817
EMD
w
< LIJ
Edited

(5) Close the Data window.
e. Save the study file with the new data.

Since these data are not those in study_0.dat, if you want to work with this new set
of data, you should save the study file with a new name.

(1) In the File menu, click Save As.
(2) In the File Name box, type the desired new file name (e.g. Simulate 1).

(3) Click Save. You can now use this file to continue your analyses. For example, a
plot of the simulated data is shown as follows:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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=101

107

10

|
4
1 (day=)

&

and a plot of the solution (remember using the initial parameter estimates for
study_0) is shown below:

107

10

107

& plot

=101 x|

|
. |
1 (doys=)

&

Close the Plot window if you created these plots.

Quit the SAAM II Compartmental application. You may want to check to be sure there are no
changes to study_0.
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Part 2. Simulating plasma data and 24 hour urine collections

This part of the tutorial will use the study file study_0. study_0 already contains a data set. You
will change the experimental protocol for one lasting 14 days instead of 9, and use a data file
which contains only the times at which you wish samples. Such a strategy can be used in
establishing experimental protocols when you want to determine, for example, an optimal,
practical sampling schedule. Thus this is an example of using an existing system model, and
modifying it as part of an experimental design process.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental main
window will open.

2. Open the SAAM II Compartmental study file study_0.

a. The file study_0.stu should appear in the file list; if it does not, find the folder where
you put this tutorial.

b. In the File menu, click Open. The SAAM II Compartmental main window will
appear as shown below:

. * SAAM II Compartmental - STUDY_0.5TU
File Edit View Show Compute Set Window Help

D= 8] &EE] BB E = Z(=Z] @

ol

[dame! tracer
Choose,,, | Rename,., k{Zn3)
Create,,, |Remaove.,, k{1,2)

k(0,1)

v

I Lok
v
o — Ol | e B
Select model component NUM | v
WWW.saam.com © 2011 University of Washington and The Epsilon Group
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3. View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear on the Drawing Canvas as
follows:

x(2,1)
x(1,2)

4. Modify the experiment in study_0.
a. Change the time of the experiment from 9 to 14 days.

(1) In the Set menu, click Experimental Attributes. The Experimental Attributes
dialog box will open.

(2) Change the value in the End At box from “9” to “14”. The Experimental
Attributes dialog box will appear as follows:

Experiment Attributes

Independent Variable: I t

Lnits: I days
Start at: I 0.0
End at: I 14

Done I Cancel | Help

(3) Click Done.

b. Add a compartment to the model for urine. Modify the model to the following:

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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E(2,1)
k(1,2)

Compartment q3 will be used to simulate the 24 hour urine collections.
c. Change the data in the Data window.
(1) Open the Data window (the original data for study_0 will appear).
(2) Replace these data with SimPlasUrine.dat. Open the Data window. In the File

menu, click Open. Double-click SimPlasUrine.dat to replace the data in
study_0. A Warning will be appear:

SAAM II Compartmental x|

l . Warning—>Current data will be lost

| 04 I Cancel

Click on OK. The Data window should appear as follows.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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_iix]

DATA -
t plasma

(/24)
0.25

L=

WOGD ] T s L P D e e DL e O
o
3333333 IIIIIIIICIIIIDT D

=
=
=
m

3333333333333 3

Data Format is okay

Notice in the Data window the first few samples are in hours. Division by 24,
which is invoked by (/24), will convert these times to days. There are separate
data segments for plasma and urine since urine and plasma sample times do not
always coincide.

This Data window is different from Part 1 of the tutorial. In Part 1, you were
starting from a given set of data, and generating new data. In this part of the
tutorial, the Data window contains only the time points at which you want to
produce simulated data.

(3) Close the Data window.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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d. Reset the parameter values.

When you eliminated &(0,/) and introduced Compartment q3, essentially k(0,1) was
replaced by k(3,1). Open the Parameters dialog box, and type “0.1” in the Value
box for k(3,1). Click Save. The Parameters dialog box should appear as follows:

| Parameters -10] x|
Mame | Type | Current |  LowLmit |  High Limit |
k(1,2) Adi 0.1000 0.0100 1.0000
k(2,1) Adi 0.1000 0.0100 1.0000
k(3,1) Adi 0.1000 0.0100 1.0000
vol Adi 2000.0000 200.0000  20000.0000

Mame: k(2,1)

Value: | 0.10000000 {::IE[“U:U
Type: { Fixed Low Limit: IIII.EIIIIIIIIIIIIIIEIIJ IQ
* Adjustable CaSave

High Limit: | 1.00000000

Adjust value:

A
_|

Done I Cancel Help |

[T Auto solve

Close the Parameters dialog box.
e. Create the mechanism for the 24 hour urine collections.

To create the 24 hour urine collections, the contents of Compartment q3 will be reset
to zero using Change Conditions.

(1) In the SAAM II Toolbox, click Change Conditions. The Change Conditions
dialog box will open.

(2) In the Duration pane, select Instantaneous.
(3) In the First Event box, type “1.001”.

(4) In the Interval box, type “1”.

WWWw.saam.com © 2011 University of Washington and The Epsilon Group
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(5) In the Last Event box, type “13.001”
(6) In the Equation box, type “q3=0".

(7) Click Add. The Change Conditions dialog box will appear as follows:

Change Conditions =l
T Frat/Strt Interval Last/Stop Equation ~ Dwration:

" Continuous

<:I SEVE = Start:l—
o Editcy Stop]

{,‘ZI Add O % |nstantaneous
@ Delete First event: I 1.0

Interval: I 1
Help | . Last Event:l 13001
E quation:

Done I Cancel | I q3=0

Remember the purpose of setting the value of Compartment q3 equal to zero at
1.001, 2.001, etc. is because the actual sample is at 1, 2, etc, and the container is
emptied just after the sample. Adding “0.001” to the time accommodates this.
(8) Click Done.
f. Save the study file as SimPlasUrine (this to ensure you do not over write study_0.)

5. Create the error function.

a. In the Show menu, click Equations, or alternatively, on the SAAM II Toolbar,
click Equations E The Equations dialog box will open.

b. Type the following equation in the Equations Defined Here box:
error = 2*(rand()-0.5)

The Equations dialog box will appear as follows:
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_ioix

Equations Defined Elsewhere (read-only):

Flux(a, 1) = k(3,11 * gl a
fluxil,z) = k({l1,2) * gz

fluxi{z,1l) = k{z2,1) * gl

exl _bolus = 0.0

exl _infusion = 0.0

3]l = gl/wol -
Kl :

Equations Defined Here:

error = Z*(rand()-0_.5) ﬂ

0 o

c. Close the Equations dialog box.

6. Create the samples to generate the simulated data.
a. Double-click s1 to open the Sample Attributes dialog box.
b. Edit the sample equation to read:
sl = (ql+fsd1*error*ql)/vol

c. Remove “plasma” from the Associate with Data Name box. The Sample
Attributes dialog box should appear as follows:

Sample Attributes x|

Mame: 51
Units: I
Assodate with Data Name: I |
Equations:
g1 = (g1+fsd1¥error®g1) fval :I
=
Done I Cancel Help |
d. Click Done.
e. Inthe SAAM II Toolbox, click Sample.
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f. Click Compartment q3 and then click on the Drawing Canvas. The sample s2 will

appear associated with 3.
g. Double-click s2 to open the Sample Attributes dialog box.
h. Change the equation for s2 to read:
s2=q3+fsd2*error*q3

The Sample Attributes dialog box will appear as follows:

Sample Attributes X|

Mame: s2
Units: I
Assodate with Data Mame: I |

Equations:
s2=g3+f=d2¥error*g3 ;I
Done I Cancel Help |
The model will appear as follows:
=1
E(2,1)
E(1,2)
i. Inthe Sample Attributes dialog box, click Done.
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Creating simulated data. As explained in the Introduction to this tutorial, the
function “error” will generate a random number between -1 and 1. The effect of the
“fsd1*error*ql” part of the sample equation is the following. In this example, the
error associated with the simulated data will be fractional standard deviation. An
actual value could be used in the equation instead of “fsd1” if you know exactly what
the percent error should be. Writing the equation in this way will result in “fsd1”
becoming a parameter, fsd/, which will appear when you open the Parameters
dialog box. In this way you can adjust the percent error to a value which will
generate simulated data in line with the kinds of real data you anticipate generating
in a real experiment. Thus the term “fsd1*error” will be a random number not
between -1 and 1, but between —fsd1 and fsd1. This, when multiplied by the model
solution q1(t) will give a random error equal to the assigned “fsd1”. When added to
q1(t), it will produce a datum with a random “fsd1” error. Similarly for the urine,
except “fsd2” is used in the expression. This will permit the possibility of the plasma
and urine simulated data having different coefficients of variation.

7. View the Parameters dialog box, and enter a value for fsd/ and fsd2.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,
click Parameters E The Parameters dialog box will open.
b. Double-click fsdI to make this the active parameter.
c. In the Value box, type “0.05”.
d. Click Save.
e. Double-click fsd2 to make this the active parameter.
f. In the Value box, type “0.2”.
h. Click Save. The Parameters dialog box will appear as follows:
WWW saam.com © 2011 University of Washington and The Epsilon Group
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_iEix

Name | Type | Current | LowLimit |  High Limit |
fad1 Adi 0.0500 0.0050 0.5000
fad2 Adi 0.2000 0.0200 2.0000
k(1,2) Adi 0.1000 0.0100 1.0000
k(2,1) Adi 0.1000 0.0100 1,0000
k(3,1) Adi 0.1000 0.0100 1.0000
vol Adi 2000.0000 200.0000  20000.0000

Mame: fed2 Value: | 0.2 ’m

Type: © Fixed

Low Limit: | 0. 02000000 IQ
' Adjustable Save

High Limit: | 2.00000000

Adjust value:

N
-

Done I Cancel Help

[~ aAuto solve

8. Parameters and simulated data. Even though the parameters in study_0 are
adjustable, only simulations will be performed when simulating data. Thus the
parameters can be regarded as fixed.

3

1. Click Done.

8. Solve the model and view the simulated data s1 and s2. The plot of s1 in linear mode
will appear (approximately) as follows:
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=10/]

S0C0C

4000

30GOG

2000

1080%

C:'IIIIIIIIIIIIIIIIIIII

-
=
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[
-
=

The plot of s2 will appear in linear mode as follows:

=101 ]

E+7

.80

.80

Q.40

a.20

B L 10 1% 14
1 (days=)

0.0

There are two points that need to be made.

The word “approximately” is used because each time you Solve, you will obtain a new
set of simulated data. Thus your simulated set may not look exactly like these.
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The second is neither s1 nor s2 are smooth. Why? The answer is that both contain the
solutions q1 and 3 respectively which are smooth, continuous functions. At each
SAAM II calculation point, the values of s1 and s2 contain the errors, i.e. the errors are
calculated and added to q1 and g3 respectively. This is what is plotted. Obviously it is
not as noticeable in s2 because these are simulated 24 hour urine collections.

Close the Plot window.

9. Modify the format for the simulated data.

a. View the simulated data in tabular format. In the Show menu, click Table, or

alternatively, on the SAAM II Toolbar, click Table . Since the Plot window
was previously opened with s2, the Table window will open (in part) as follows:

=10l x|

m t 32
0.000 0.000
1.041&7e—-002 119434877
2.08333e—-002 136888.785
4 _1&8&67e—-002 448112 .571
0.125 1087775.202

0.250 Z28BZZ8e.733

0.500 55712584 .54%

0.75 Te42220.98¢8

1.000 1.03%3286e+007

1.001 9345417257

1.001 0.0aa0

1.500 3341583 244

2.000 68305508.143

2.001 8367023431

Z.001 0.0aa0

2.500 3502734 .587

3.000 &a707810.423

3.001 75002€3.873

3.001 0.000

3.500 232059414 288

4_000 G400423.334

4_001 53058€2.703

4001 0.000

4_500 Z25ZEB79.372

5.000 3350434 447

5.001 5654558.388

5.001 0.000

5.500 17956392 451

&.000 4436034185

e.001 394072.072

&.001 0.000

&.500 2094820.254

7.000 4006831 .3584

F
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There are many more simulated data than in your original data file. This is because
SAAM II will calculate a simulated datum at each calculation point. How to deal
with this will be explained below.

Leave the Table window open.

b. In the Compute menu, click Settings. The Computational Settings dialog box will
open.

c. Type “1” in the Min. Nr. of Calculation Intervals box. The Computational
Settings dialog box will appear as follows:

Computational Settings d |
Min. Mr. of Calculations Intervals: I TI (1 to 500)

— Integrator

v Use Relative Error:
Padk | 0.00100000
Runge¥utta (1.0e-10 to 1.0)

[™ Use Absolute Error:

[T Compute Sample AUC's {greater than 0.0)
~ Optimizer
Max. Nr. of Fit Iterations: Iﬂ {0 to 50)
Variance Model —————— [ Derivative
¥ Data " Absolute ¥ Forward
" Model % Relative " Central

Convergence Criterion: | 0.00010000

(1.0e-7 to 1.0)
[T Indude Bayesian Term

Lambda: I 10, 00000000 (1.0e-7 bo 1. 0e7)

[~ Save Results to Text File

Level—— File——
£ Basic ) Replace
£ Detailed . add
Al

Done I Cancel | Help |

d. Click Done. Notice the Table window changes as follows:
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- 10| x|

| t 3Z -
1.041&87e—-002
Z.08333e—-002 -
4. 1eeeT7e—002 -
0.125 -
.250 -
.500 -
.750 -
.a0a -
.a0a -
.aoa -
Malulal -
.a0a -
.a0a -
.aoa -
Malulal -
.a0a -
.aoa -
.a0a -
Z2.000 -
.a0a -

M als} - ;'

=1 oy Ao D RO O O

e e
P E D W om

[y
o

i
e

This now has the sample times in agreement with the original data file because the
minimum number of calculation intervals has been set equal to 1. As before, there
are no calculated values for s2 as the computational settings have changed.

e. Include s1 in the table.

(1) In the Set menu, click Plot/Table variables; or select the Plot/Table Variables
=

button . The Plot and Table Variables dialog box will open.
(2) Include s1 in the Current Selection pane.

(3) Click Done. The Table window will appear as follows:
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-0 x|

| t sl 3z -

1_041&67e—-002 -

2_08333e-002 - -

4 _loeeTe—-002 - -
0.1z25 - -
0_250 - -
0.500 - -
0.750 - -
1.400 - -
Z.000 - -
3.000 - -
4_000 - -
5.000 - -
&.000 - -
7.000 - -
8.000 - -
5_000 - -
10000 - -
11._000 - -
12 _000 - -
13_000 - -

14_000 - - ;|

f. Re-Solve the model. The Table will be updated as follows:
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able

T

0.000
1.041&7e-002
Z2.08333e-002Z
4_18887e-00Z
0.125

0.250

0.500

0.750

1.000

1.001

=
[}
[}
furd

Vo
0000 DD D000 o
OO0 0000 oo oo o
FOPRPPOPPOPRPEO

o
oo oo o
o0 ooo
P oP PO

[PV =R VR R R R T LI T SO U A S SR
, )
o o
= o
= =

15}
[}
[}
furd

5.001
10.000
10.001
10.001
11.000
11.001
11.001
1z.000
1z.001
1z.001
1z.000
1z2.001
12.001
14.000
14.000

=1
43427 .5331
50520.5585
51822.0594
433427 . Z15
51525.081
45527 .558
45445750
45430.538
40377 .461
43405 .483
435132 .20%
349387.153
3630&.088
34153 .541
29148.511
30933.531
23337.323
28595.351
24351 .254
Za768Z.832
Z22778.473
2Z2725.534
2ZBBE5.3%¢
l3636.624
13597.751
13870.311
17185.7594
17679.725
leglZ.363
15442 .152
15129.347
15002 .723
14123.724
1350&.325
14410.438
1Z693.515
12399 .653
12241 .851
11482 .201
11083.144
11307.€73
10537 .05&
10188.721
11138.62¢
1038%9.810
4783.851
10117.5582
9838.€30
3402 .4533

=10 x|

=z [
0.000
S98781.508
213530.433
357001.003

1355428.324
2402853 .8¢5
4570717431
8247750484
T78375e0.738
999836l _&78

0.000
TZ80315.833
8958174.403

0.000
580903e.8&7
T3TT173_580

0.000
£441&05.035
4508738 .31¢

0.000
S37TeT72.313
5343545 744

0.000
3589238 _.525
44171e3.873

0.000
37387ee_e03
41531100.808

0.000
234010255945
3141085.0385

0.000
320Z8e2.8594
2EBZEBT 435

0.000
2741258418
30010B0.268¢8

0.000
23259244045
2015762 047

0.000
20755471531
17888Be_210

0.000
2390727 .837
1875430.1c0

0.000
2310772 317
1351058.412

i’ Change conditions and simulated data. The table is different from the table with no
calculated values. This is because when SAAM II calculates a solution in a model
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that includes Change Conditions, it will calculate and report the model calculated
value at the Change condition time (e.g. 1.001); it will then report the value after the
Change Condition has occurred. Thus for the time point 1.001 at which a Change
Condition occurred, you see a value followed by a second value of zero. This is a
check to let you know the calculations are being performed correctly. SAAM II also
calculates two values for the end of experiment time. You will simply remove one of
these as you work with this table.

8 Solving and simulated data. Every time you Solve, you will generate a new set of
simulated data. This is because, in this case, s1 and s2 get calculated with each
Solve. Since the error term is included and is random, it also is calculated producing
different values for s1 and s2 with each solve.

10. Use the simulated data.
There are many ways in which you can use the simulated data. One is to cut and paste
the data to a spread sheet. Another way, cutting and pasting directly into the Data
window, and fitting the model to the data will be illustrated how.
a. Select and copy the data in the Table window. Close the Table window.

b. Open the Data window, and select all the contents of this window.

c. In the Edit menu, click Paste. The Data window will appear as follows:
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_i0/x]

Kl

t
o_ooo

1.041672-00Z
2.083333e-002
4 1&66672-00F

O_1EL&
O_zE&0
o_500
O_7E&0
1000
1.001
1.001
z._000
z2_00l1
2001
S3.000
Z.001
2001
d_000
4_001
4. 001
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d. In the Data window:
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(1) Add the first two lines “DATA” and “(FSD 0.1)”; add the last line “END”
(2) Change “s1” to “plasma” and “s2” to “urine”.

(3) Remove the zero time value.

(4) Remove all values at time points with “.001”.

(5) Replace all simulated urine samples up to day 1 with “n”.

(6) Remove the second datum at day 14.

(7) In the Edit menu, click Check Data Format. Correct any errors if there are any.
The Data window should appear as follows:

1o
I —
DATA -
[FSD 0.1)
t plasma urine
1.04167e-002 50520,595 r
2.08333e-002 51623.094 n
4,16667e-002 49342,215 n
0,125 51525.081 n
0,250 43827,.558 n
0,500 45445, 750 n
0,750 46430.538 n
1,000 409774961 7837960.798
2,000 34987.159 7260315.093
3,000 29146.511 5809036.867
4,000 26595,351 5441605,039
5,000 22778.49473 5377672913
6,000 13636.624 3589298.525
7.000 17165.794 3738766.609
8,000 15442,.192 3401029,945
9,000 14129.724 3202862.894
10,000 12693,515 2741256.418
11,000 11462.801 2329244.045
12,000 10537.056 2075547, 191
13,000 10389,810 2390727.637 -
14,000 9338.030 P_3 10772.917
EMD
-
« I _>I_I
Data Format is okay Edited

Remember the data were simulated with an FSD equal to 0.1 and 0.2 respectively
for plasma and urine. In the above, FSD equal to 0.1 applies to both sets of data.
If you wish, you can modify the first lines in the Data window to reflect the
weighting scheme used to simulate the data. The line (FSD 0.1) can be removed,
and the three columns can be headed:

t plasma (FSD 0.1) urine (FSD 0.2)
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(8) Close the Data window.
e. Save the study file with the new data.

Since these data are not those in SimPlasUrine.stu, if you want to work with this
new set of data, you should save the study file with a new name.

(1) In the File menu, click Save As.
(2) In the File Name box, type the desired new file name (e.g. SimPlasUrine 1).

(3) Click Save. You can now use this file to continue your analyses. For example, a
plot of the simulated plasma data is shown as follows:

=101x|
105 LT T T I T T T T T T T T T T T T I T T T I T T T ]
C a plozmao 7
Bon .
L o a i
L 0 L i
a
L a 4 i
o
1 “ a4
10f L 8 &
1|:'|'3 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
4] 2 4 3 & 10 12 14
1 (day=)

A plot of the simulated urine data is shown as follows:
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=101.x|
10? T T T I T T T T T T T T T T T T I T T T I T T T
B a urine T
L & i
L a i
o
L o . i
a 9 a
L . i
a g g
i o i
105 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
4] 2 4 3 & 10 12 14
1 (day=)

A plot of the solution using the model parameters to generate the simulated data is
shown as follows:

2 Plot =10l x|

E+6d

T I T T T T T T I T T T T T T I T T T I T T T
2 7
a a urine

LR

B0

.

2.4

Cl.f} 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Q 2 4 B & 10 1% 14
1 (doys)

You can now work with these simulated data as you would with a set of experimental
data.

Quit the SAAM II Compartmental application.
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