Insulin Effect on LDL Metabolism

Case Study

e How to model an experimental
perturbation

e How to save solutions to compare
solutions

e How to use change conditions

e How to unweight and reweight data for
fitting purposes
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Metabolic Case Study Insulin Effect on LDL Kinetics

Insulin Effect on LDL Metabolism

Prerequisites

The prerequisite for this case study is having worked through the SAAM 11
introductory tutorial, “Getting Started with SAAM Il Compartmental.” It is
recommended that you work through the Using SAAM 11 tutorial “Using Change
Conditions.”

What you will learn in this case study

How to model an experimental perturbation.

How to save solutions to compare solutions.

How to use change conditions.

How to unweight and reweight data for fitting purposes.

Data Required
The data file for this case study is
LDL_TPN.dat

The contents of this file are included at the end of this case study.

Introduction

Low density lipoproteins (LDL) are particles in the plasma whose primary purpose is to
transport cholesterol to cells in the periphery. It has long been known that insulin has an
effect on the metabolism of these particles. Most of the evidence comes from cell culture
studies. The problem in whole body studies is that most LDL Kinetic studies last two
weeks, and it is not possible to elevate insulin artificially for that period of time.

Total parenteral nutrition (TPN) is known to elevate insulin levels. This was used by
Chait et al* to study insulin effect on LDL metabolism in humans. The study consisted of
a typical LDL turnover study in which LDL was isolated, radioiodinated, purified and
reinjected. Plasma and urine samples were collected for nine days at which point TPN
was started. Plasma and urine samples were collected for another 10 days.

From a modeling point of view, the data presented several unique opportunities, the most
important of which was how to deal with the perturbation caused by TPN. You will:

e First assume the perturbation caused no effect, and assess this hypothesis;
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e Assume the perturbation caused an effect, and assess this hypothesis; and
e Postulate changes in the rate constants caused by the perturbation that will explain
the data.

1. Chait, Alan, David Foster, Donald G. Miller and Edwin L. Bierman. Acceleration of
LDL catabolism in man by total parenteral nutrition. Proc. Soc. Exper. Biol. Med.
168:97-104, 1981

Part1. Create a two-compartment model using the SAAM Il Compartmental
application.

Low density lipoprotein kinetic described following a bolus injection of radioiodinated
LDL is virtually always described by a two-compartment model. This will be the point at
which we start the case study.

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

2. Create the following two-compartment model.

k{3,
k(2,3

FPlasma

k{0,2)

In creating this model, you compartment numbers will “1” and “2” to begin. You
will have to renumber Compartment 2 to 3 first, and name it “EV” for
extravascular. Then you can renumber and name Compartment 1. This is done by
opening the Compartment Attributes dialog box associated with each
compartment.

3. Create the experiment.
a. Inthe SAAM Il 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. Enter “19” in the End at box. The Experiment Attributes dialog box will
appear as follows:
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Experiment Attributes

Independent W aniable: It

it Ida_us

Start ak: ||:|_|:|

End at: |-|q

Dane I Eatizel | Help

d. Click Done.

The Create Experiment dialog box will appear on the Drawing Canvas. The
choice of experiment Types is an Experiment or a System. Experiment is
selected with the name “Exper”. Replace “Exper” with “LDL” by typing
“LDL” in the New Name box. The Create Experiment dialog box will
appear as follows:

Create Experiment x|

Mew Mame:; ILDLI

Type: E:-:perimentl System |
Create I Cancel | Help |

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

" ki3, 2)
q
Plasma k(2,3)

k(0,2)

¥
The name “LDL” will appear beneath Experiment in the SAAM 11 Toolbox.

4. Add the data.

a. Inthe Show menu, click Data, or alternatively, on the SAAM 11 Toolbar,
click Data H The Data window will open.

b. In the File menu, click Open. The file LDL_TPN.dat should appear in the list
(if it does not, find the folder where you have installed this data file.)
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c. Double-click LDL_TPN.dat. The data will appear in the Data window as
follows:

_ioix

DATAE [E=
plasma

. oa7 45720
.04z 43L8E2
125 475358
_ELE 401EE
.37k IEEEL
- 3LEEZ
281354
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L1l
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¥ o

Data Format is okay
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d. Close the Data window.
5. Create the plasma sample.
a. Inthe SAAM Il Toolbox, click Sample.

b. Click Compartment g2, and then click on the Drawing Canvas. The sample
s1 will appear associated with Compartment g2.

c. Double-click sl to open the Sample Attributes dialog box.
d. Inthe Associate with Data Name box, type “plasma”.

e. Inthe Equations box, edit the sample equation “s1=q2” to read “s1=q2/vol”.
The Sample Attributes dialog box will appear as shown below:
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Sample Attributes x|

Mame: =1
I pitks: I

Azzociate with D ata M ame: |p|agn'|a

E quations:
z1 = qdfval ;I

Dare I Canicel Help |

f. Click Done.
6. Create the experimental input
a. Inthe SAAM Il Toolbox, click Input.

b. Click Compartment g2, and then click on the Drawing Canvas. An input
arrow, ex1, will appear on the drawing canvas pointing to Compartment g2.

c. Double-click ex1. The Exogenous Input dialog box will open.
d. Inthe Input Type pane, be sure Bolus is selected.
e. Enter “1.04e+08” in the Initial Amount box.

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

I arne; IEHT Reference M ame:l [ ritg: I

Type Initial Constant Start Stop Repeat Ewery Nr. Bepeats

1. 0d4e+d

—lnput Types——————————— Iritial Amaunt: |1.D4E+EIE
* Boluz Eu:unstantFlate:l
r .
Inf.usu:n _ Ewvent Start: I
" Primed Infusian
& Eueton v ent S o I
Repeat Eveny: I Delete %
Mr. of Bepeats: I
Equation: {ex] =
S plit [t Done Cancel Help

g. Click Done. The model will appear as follows:

s1

, k{3,2)
|
Plazma k{2;3}
{k{ﬂ;ﬂ
exl +

Part 2. Analyze all the plasma data (to day19.)

We will first analyze all plasma data. The assumption is that TPN does not cause a
change in LDL metabolism.

1. Enter the parameter values as shown below:
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-8 Parameters

=0 %]
Name Type Current Low Limit High Limit
E{O,Z) Adj 0. 1000 o.o1o0 1.0000
Eiz,3) Adj 0. 1000 o.o1o0 1.0000
Ei3,2) Adj 0. 1000 0.0100 l.0000

Mame: vl

Walue: |3000
Type: § Fired

f* Adjustable

Lawy Limit; |3nn_nnnnnnnn

High Limit |3nnnn.nnnnnnnn

Dione LCancel | Help

How to obtain the initial parameter estimates is the subject of the case studies
dealing with the two-compartment model.

2. Solve and view the solution. Your plot of the plasma data in semi-log mode will
appear as follows:
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3. Fit the model and view the solution. Your plot will be updated as follows:

=10l x|

105 1 1 1 T 1 1 1 1 1 T I 1 1 -
a1 3
o plozma ]
‘1|:|‘1 — E
10° L
1'2'2 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
a| ] 10 15
1 (doys)

The statistics associated with this Fit are shown as follows:
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Plstatisies

=10/ x|

sl : plasma 1.331310e=+001
Total obhjectiwve 1.331310=+4001
AIC 77754864000
EIC 7.897374e+000
ki

&_376760e-001

Darameter /Wariable Values Std.Dew. Coef. of Var. S9L% Confidence Interval
ki0,2) 0.3E256 1.57863e-00Z G&_EF0411e+000 0.28765 0_35'?4'?:|

k(2,3 0.674523 1.60502%e-001 2Z.37357%7e=+001 0.34073 1.00832

(2,2 O_&74Le  1.09772e-001 32.5923Le+001 0.046Z6 O.E50Z26

ol EEEZ._ 71700 1.0347E5e+00E 4. 5710Ee+000 Z048_ LEz937 Z2478. 90464
=

- Correlation Matrix . Cowariance Matrix

Objective Scaled Data Wariance ﬂ

o

While the statistics are reasonable, how would you assess the model Fit to the
data? There are two points. First, there do appear to be systematic deviations
between the data and model predicted values around day 10. Second, the datum

on day 18 may be spurious.

Close the Statistics window; leave the Plot window open.

4. Assess the model Fit to the data.

a. Change your plot of the plasma data to the linear mode (in the View menu,

click Semilog). The plot will appear as follows:
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Because the semi-log plot tends to compress the data and model predictions,
viewing the solution in linear mode can sometimes help resolve discrepancies.
In this case, the deviations starting around day 5 to day 12 are more obvious.
This can be seen much better if you plot the weighted residuals.

Leave the plot window open, and the plot in linear mode.
b. Plot the weighted residuals.
(1) Click in the Plot window to make it active. In the Set menu, click
Plot/Table Variables. The Plot and Table Variables dialog box will

open.

(2) Be sure the List All VVariables box is selected. The Plot and Table
Variables dialog box will appear as follows:
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Plot and Table Yariables EI
Wariables for y'-Auis H-bis |t
exl . bolus
ex] . infuzsion
;:aﬁg% Select up o 10 Axiz
flu;.;[3'2] Yariables in List.

k[0.2)
k[2.3)

ECrE— Curen! Selecton:

qZ 1

Eg plasma

#l_res

#1_wres
t
vl

v List Al Variables
Done I Cancel Help

plasma and sl are selected because these are the variables for your current
plot.

(3) Click s1_wres, and then click Done. It will be convenient to set the Plot
and Table Scale as follows:

Plot and Table Scale x|
¢ hic M inirruirm P awirnirm
@ AutoScale |00 | 13.00000000
" Set joo | 19.00000000
't Axiz
 AutoScale  |-300712745 |1.36444075
(+ Set f-4.00000000 |4.00000000
Daone I Cancel | Help

The plot of the weighted residuals will appear as follows:
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=101x]

0 ] 10 15
1 (doys)

It is clear there are systematic deviations among the weighted residuals. If
you wish, you can perform the runs test for goodness-of-fit to reject this
model. If you perform the runs test, and to visualize even better the
systemic deviations, you can observe the table of weighted residuals.

(4) In the Show menu, click Table, or alternatively, on the SAAM 11

Toolbar, click Table . Since the Plot window is already open with a
plot of the weighted residuals, a table of the weighted residuals will open

as shown in the following:
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_10/x
—_—m
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7.00000e-0032 0.zez
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Z_ooo 0.E7¢
Z_E0D0 -
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&_E00 -
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7500 -
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a.00o0 053z
2500 -
10,000 1231
lo.too -
11.000 1.364
11.%00 -
lz.000 o35z
lz.too -
1z.000 0378
lz.%500 -
14,000 -2.42230e-001
l4.L00 -
15.000 0.143
15,500 -
le. 000 0.4z1
le. too -
17.000 n_ztv
17.%500 -
12,000 -2.00712e+000
la.too -
15.000 -
15,000 1.zo7 o
[

Close the Table window.
Restore the plot of the plasma data. To restore the plot of the plasma data,

you will have to reset the Plot and Table Variable, and reset the Plot and
Table Scale to AutoScale. Close the Plot window.
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5. Save this solution as the baseline solution so that you can compare it with other
potential model structures.

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

as follows:
Bsolutions =[0] x|
Mame Prefis: I
Solutions: Solution Y ariables:

— Current Solution

Add.. |

Eiestare Selected |

b. Type “Baseline” in the Name Prefix box.

c. Click Add. The Solution Variables dialog box will open. The two boxes will
appear as follows:
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Solution ¥Yariables

Select Vanables whose values are to be
zaved with the Solution ;

x|

el boluz
exl.infugion
flus{0.2)
flus[2.3)
flusl 3.2
k[0,2]
k[2.3]
k[3.2]
plazma

Bisolutions

=101

Mame Prefix: IBaseIinE

Solutions:

Solution Yarniables:

— Current Solution

bdd...

Bestore Selected

In the Solution Variables dialog box, click s1.

SAAM IT

or give it a name for reference purposes.

Saving solutions. When saving a solution, you can use the default (a number)

When you save a solution, you can save, associated with the Name Prefix,
any of the variables in the Solution Variables dialog box.

If you wish only to compare solutions, then, as you did above, you can save
only a particular solution, in this case s1.

If, on the other hand, you wanted to be able to restore a solution, i.e. to
recreate that solution, then you need to save all information that produced the
solution. At a minimum, this would include the rate constants k(i,j) and vol.

ahobdi

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

©University of Washington
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Mamne Prefix: |Baseline

Saolutions: Solution Y anables:

B azeline

— Current Solution

Eiestore Selected

If you click on Baselinel in the Solutions pane, the Solutions dialog box will
appear as follows:

Blsobtions JI=EY

M arne Prefix: |Easeline

Solutions:; Solution Y ariables:
21 {Baseline1}

— Current Solution

Add. |

Hestore Selected |
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If you click on a solution name in the Solutions pane, a list of the solution
variables associated with a particular solution will appear in the Solution
Variables pane.

Naming solutions. SAAM 11 will always put a number associated with a saved
solution whether you give it your own name or not. In the above, “Baseline”
appears as “Baselinel”. This gives you the option of saving another solution
with the name “Baseline”; it would appear as “Baseline2”.

e. Close the Solutions dialog box.

6. (Optional) Test to see if the datum at day 18 is spurious and affects the model Fit
to the data.

a. Open the Data window, and scroll so that the datum at day 18 is visible.

b. After the datum on day 18, type “(-)”. The Data window will appear in part as

follows:
1lE 115932
l& Q96
17 201
1= Elli{-1
13 E20
END

c. Close the Data window.

Unweighting a datum. If you do not want to have a datum included in the
fitting process, entering “(-)” after the datum will eliminate it from the fitting
process. The datum will appear on your plots with a red “x” drawn through it.

d. Re-Fit the model to the data.

e. View the solution. The plot of the plasma data, in semi-log mode, will appear
as follows:
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=101 %]

1 (day=)

EMp|qt
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31 ]
o plozmao i
10' -
107 -
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102 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1

| 5 10 15
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You can see unweighting the datum (with the red “x” through it) had little

effect on the Fit.

Compare this solution with the baseline solution.

(1) On the Set menu, click Plot/Table Variables.

(2) In the Plot and Table Variables dialog box, be sure List All Variables is

selected.

(3) Press the Ctrl key, and click s1 and s1{Baselinel} to move these variables
to the Current Selection pane. The Plot and Table Variables dialog box

will appear as follows:
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Plot and Table Yariables x|

Yariables for Az s |t

el bolus
&l .infuszion

Flum0,2 .
quHEE,E% Select up o 10 Axiz

Flum(3.2] Yariables in Lizt.

k[0.2)
k[2.3)
k[3.2]

plasma Current Selection :

1
g1 {Baseline1}

v List Al Variables
Done I Cancel Help

(4) Click Done. Your plot will appear as follows:

=10l.x]

105_ T T T T T T T T T T T T I T T T =
o =1 ]
L - - - 31 {Bazeli ]

10' -

10°

102 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
0 B 10 15

1 (doys)

You can see that unweighting this datum has virtually no effect on the Fit.

©University of Washington LDL_TPN - 19 Rev. 03/09/04



Metabolic Case Study Insulin Effect on LDL Kinetics

g. Reweight the datum at day 18 (by opening the Data window and removing
the “(-)” associated with it).

h. Re-Fit the model (when you reweight the datum, the current solution will be
lost) to restore the original solution.

i. Plotsland plasma.
You have now completed the analysis of the data to day 19 assuming there is no
change in the metabolism of LDL as a result of TPN. Because the model could not
describe the data, you can reject this hypothesis.
Part 3. Analyze the plasma data to day 9 using the two-compartment model.
To analyze the plasma data to day 9, we will simply repeat most of what we did in Part 2,
but examine only the data for the first 9 days. We can compare the results with the results
of the analysis of all of the data.

To begin, we must unweight all data starting at day 10.

1. Unweight all data starting at day 10. Remember TPN was started following the
sample on day 9.

a. Open the Data window.

b. Following the datum at day 10, type “(-+)”. The Data window will appear in
part as follows:

3 4210
10 2655 (—+)
11 3004

1z 2367

12 1928

14 1415

15 1133

16 336

17 201

12 511

13 580

END

SAAM I

Unweighting a string of data. If you do not want to have a string of data
included in the fitting process, entering *“(-+)” after the first datum to be
eliminated will eliminate all following data until the END, or until a “(+)” is
encountered associated with a datum. The datum will appear on your plots
with a red “x”” drawn through it.
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c. Close the Data window.

2. Solve the model and view the solution. The Plot window should appear as follows
(and should be your last plasma plot):

_ioix

10

10°

] B 10 15
1 (doys)

Notice now the red “x” through all the unweighted data. Leave the Plot window
open.

3. Fit the model to the data. The plot will be updated as follows:
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If you compare this plot with your Baselinel plot, you will obtain:

&M pgt

=10l x|

10

o plo=zmao

- - - =31 {Bosel

10
1 (doys)

Remember to visualize this plot, you need to open the Plot and Table Variables
dialog box, and select plasma, s1 and s1{Baselinel}. You can clearly see the

©University of Washington
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difference! The model adequately describes the data to day 9, the day on which
TPN was started.

4. View the statistics associated with the fit. The Statistics window will appear as

follows:

Pstatistics =10l x|
Parameter Wariable Value Std. Dewv. Coesf. of Var. 9L% Confidence Interval
ki0,E) 0.23251 1.45634e-002 4._37884e+000 0.z&045 D.32456:|
EIZ,3) 0.283%1 7.51308e-002 Z.64528e+001 0.11855 0. 44927
Ei3,E) 0.17471 1.833%9%=-00z 1.04975e+001 0.13434 0.z1&507
ol EZZZ_ 46537 3.85704e+001 1.66003e=+000 EE3ZB_E7ERE E408. 36E08

[l
. Correlation Matrizx . Cowariance Matrix 0 "qh;ectlve
Objective Scaled Data Wariance :I
sl : plasma 1.336757=+001 1.11l3667e-001
Total objectiwve 1.3367572+001
AIC 7.936055=+000
EIC 2.054062e+000
-
Kl Y

The statistics are clearly acceptable. Remember the value for k(0,2) is 0.29; this
will be used in the next part of this case study.

Close the Statistics window. Re-Plot s1 and plasma; close the Plot window.
5. Save the solution.
a. Onthe Compute menu, click Solutions. The Solutions dialog box will open.
b. Type “Day_9” in the Name Prefix box.
c. Click Add. The Solution Variables dialog box will open.
d. Inthe Solution Variables dialog box, click s1, and then click Done.
e. Click Add.

f. If you click on Day_91 (remember SAAM I1 will add the “1” to Day_9) in the
Solutions pane, the Solutions dialog box will appear as follows:
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Bsobrons JRleTE

Narne Prefis: |Day_3

Solutiong: Solution Y aniables;

| B azeline1 g1 {Day_ 91}

— Current Salution

Add. |

Bestore Selected |

g. Close the Solutions dialog box.

e Study0. The above part of the case study is equivalent to StudyO. That is, the
_ data to day 9 used above is the data found in Study0.dat.
5AAM IT . . . .
Perturbations. Some experimental protocols call for perturbations during the

experiment. These can cause changes in the kinetics of the data. In the case of
this case study, the perturbation is TPN. What the above shows is that TPN
does appear to cause a change in the kinetics of LDL metabolism. The
question now is how can one deal with this. One way is to say there is a
change, and leave it at that. The other is to try to postulate a change in the
model that will account for this observed change.
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Part 4. Test for changes in the rate constants that can explain the perturbation.

It is clear that, following TPN, LDL is being metabolized more rapidly than before. Thus
a logical place to start would be to change k(0,2). We will do this using Change
Conditions.

In the following strategy, a physiological assumption has to be made. The assumption is
that the change in LDL metabolism as a result of TPN is very rapid compared to the daily
sampling schedule. This means that a new steady-state has been achieved rapidly, and
that we can assume the transfers in the model are constant.

When using this strategy to analyze any perturbation study, one must be careful to
delineate the physiological consequences of any modeling assumption.

1. Reweight all data.

Open the Data window, and remove the “(-+)” following the datum at day 10.
Close the Data window.

2. Use the Change Conditions tool to introduce a change in k(0,2) at day 9.
a. Double-click k(0,2) to open the Loss Attributes dialog box.

b. In the Equation pane, type the equation “k(0,2)=loss_bef”. The Loss
Attributes dialog box will appear:

Loss Attributes x|

Tranzfer Coefficient:  k[0.2]
Reference Mamme:

Flaws Rate:  flux(0.2] = k[0.2] * g2

Flow Rate Units: |mass£time

Equationsz :

k(0.2]=lozz_bef ﬂ

— Parameter [ ata
k[0.2]
Twpei——————  Cument Parameter Ualue:ID_EEIEEEIEED
™ Fixed Low Limit:|0.01000000
 Adiustable High Limit{1.00000000

Cancel | Help |
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c. Click Done. Remember the value 0.29 for k(0,2) from the initial part of the
case study; this will be the initial value for the new parameter loss_bef.

d. Inthe SAAM Il Toolbox, click Change Conditions. The Change
Conditions dialog box will open as shown below:

Change Conditions x|
T Frst/ /Scrto Interwval Last/Stop Equation Duration:
@ Savem " Continuous
 Instantaneous
@ Editoy
@ Add = Starl:l
Delete| Stop
fFirst event: I

| mkeral: I

&I ; [Last Event: |
Equation;
Dane I Cancel | I

G=Q

SAAM IT

Change conditions. The Change Conditions tool allows you to make a
change to any component in your model. The changes can be continuous, i.e.
over a period of time, or instantaneous. Continuous changes could be changes
in a rate constant that will last over a period of time; this will be illustrated
below. Instantaneous changes could be when you want to change a state
variable such as a qi at some point in time.

e. Be sure the Continuous is selected in the Duration box.

f. Inthe Equation pane, type “k(0,2)=loss_aft”.

g. Inthe Start box, enter “9”

h. In the Stop box, enter “19”.

i. Click Add. The Change Conditions dialog box will appear:
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Change Conditions x|

Druration:

T Frst/S8trt Interval Last fS8top Equation

& Continuous

" |ngtantaneous

Start:IEI

StDp:I'IEI

Firat event:l

Inlewal:l

Help | [Cagt Event:l
E quation:
Dane I Cancel | Ik[D,2]=Iuss_aft

J.  Click Done.

G=0Q

s Change conditions for k(0,2). As a result of defining k(0,2)=loss_bef from
time O to day 9, land k(0,2)=loss_aft from day 9 to 19, we have introduced
two new parameters in the model: loss_bef and loss_aft. The parameter k(0,2)
will no longer appear in the Parameters list because of this. In terms of
solving your model, up to day 9, k(0,2) will equal loss_bef, and after day 9,it
will equal loss_aft. The questions is: is this change sufficient to explain the

change in the data?

3. Enter the parameter values as shown in the following Parameters dialog box:

©University of Washington LDL_TPN - 27 Rev. 03/09/04



Metabolic Case Study

Insulin Effect on LDL Kinetics

;8 Parameters

Type:  Fixed

=10 %]
Name Type Current Low Limit High Limit
Eiz,3) adj o_zg39 o.olao 1_aoao
ki3, 2) Adj 0.1747 o.0ol00 1._0000
loss aft 0. 4000 0. 0400 4 _ 0000
loss_bef Adj o_z200 o. 030 Z.9000
wol adj Z3Z3E_ 4700 F00.0000  F0000_0000
Mame: lozs_aft
= Walue: |.4

v Adjustable

L Lirik: IEI.EIdEIEIEIEIDD

High Limit: |4.unnnnnnn

Done

Cancel | Help

With the exception of loss_aft, these values are those from the best fit of the
model to day 9. The initial Value for loss_aft has been increased to take into
account the more rapid metabolism of LDL after day 9.

4. Solve the model, and view the solution. The plot of the plasma data will appear as

follows:
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=101 %]
a
1I:I I T T T T T T T T I T T T B
31 3
o plozmao 7
10° -
10% -
E o 3
102 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
0 10 15

Leave the Plot window open.

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

=101 ]
=1
1I:I 1 1 I 1 1 T 1 1 1 1 1 I 1 1 1 E
31 3
o plozmao 2
10' -
107 L -
E n 1
102 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
] a 10 15

1 (day=)

To help assess the solution, plot the weighted residuals. They will appear as
follows:
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=101.x]

]

10 15
1 (dovys)

While the strategy of increase k(0,2) following TPN appears to be working, there
still appear to be systematic deviations in the model predicted values. You can
perform a runs test for goodness-of-fit if you wish to assess the weighted
residuals.

If you open the Statistics window, it will appear as follows:

T _ioix

Darameter /Variable Talue Std.Dew. Coef. of Var. 9L% Confidence Interval
kiZ,3) 0.48807 1.7678Ze-001 3_6Zl4Zet+001 0.11938 D.SSS??_:J
Ei3,.2) 0.246E3 7.9253%97e-002 3.EZ3035=+001 0.03031 0.41lz14
loss_aft 0.328543 &.1300%9=-00Z 1.59044e=+001 0.ZE7EE 0.&5lz30
loss _bef 0.321100 EZ.01301e-00Z &.47Z75e+000 0.zZe901 0.35z39
wiol FETE_ 86343 9_48731et+001 4.16318e+000 EO80. 36137 z476_Te50Z
————————————————————————————————— Derived Variables ---————----"""""-"~"—"~"—"—"—"—~—"——————
ki0,Z) 0.21100 EZ.01201e-002 &.47Z75e+000 0.zZe201 0.35z39
E
r.CDErelatiDn Matrix r'Cogariance Matrix ﬁ'ghjective

Objective Scaled Data Wariance _:J
sl : plasma 1.31586le+001 6. E276988=-001
Total objectiwe 1. 321526le+001
ATC 7.738E44e+000
EIC 7.884E50%2+000

i o
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Thus even with the increased model complexity, i.e. adding a new parameter to
describe the loss from plasma following TPN, the statistics are reasonable.

Close all open windows.
6. Use the Change Conditions tool to introduce a change in k(2,3) at day 9.

The logic in testing this change is again based upon physiology. It is clear that
TPN causes an increase in the metabolism of LDL, and that an increased loss rate
is probably not sufficient to explain the change. If the hyperinsulinemia caused by
TPN is increasing the rate of metabolism by, for example, increasing the receptor
sites on cells where LDL can exit the cell, than an increase in k(2,3) as well as
k(0,2) is reasonable. This hypothesis will now be tested.

a. Double-click k(2,3) to open the Transfer Attributes dialog box.

b. In the Equation pane, type the equation “k(2,3)=return_bef”. The Transfer
Attributes dialog box will appear as follows:

Transfer Attributes x|

Transfer Coefficient;  k[2.3]
Reference Hame:

Flow Rate:  flus(2.3] = k[2.3] * g3

Flaws R ate Llits: |mass£time

E quations :

k[2 3)=retun_bef ;l

— Parameter Data

k[2.3)
Typet————  Cument Parameter Value:llﬁl.dEED?Sﬂ
" Fixed Lo Limit:|E|.|:|1EIEIEIEIEIIII
% Adjustable High Limit:|1.00000000
c. Click Done.

d. Onthe SAAM Il Toolbox, click Change Conditions. The Change
Conditions dialog box will open.

e. Inthe Equation pane, type “k(2,3)=return_aft”.
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f. Click Add. The Change Conditions dialog box will appear as shown below:

Change Conditions x|
T Frst/Strt Interwval Last/Stop Ecuation Duration:

k(Z, 3)=return a

C S_o000a 13,0000 ki0,Z)=lo=ss_aft

&+ Continuous

" Instantaneous

Start:IEl. 00000000

Stu:up:I'IS.EIEIEIDDEIEID

First et I

| rtemal; I

Help | [Last Event: |
Equation:
Dore | Cancel | [Ki23)rotum_at

Notice because of the first change condition you added, the Continuous radio
button was selected, and the entries in the Start and Stop box were correctly
set.

g. Click Done.

7. Enter the new parameter values.

a. Open the Parameters dialog box. Notice there are the two new parameters,
return_bef and return_aft, for which values must be supplied in order to solve
your model.

b. In the Value box for return_bef and return_aft, enter “0.5” and “0.7”
respectively. The Parameter dialog box will appear:
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I Parameters =10 x|
Name Type Current Low Limit High Limit
Ei3,2) Adj 0. 2460 o.oLro0 1. 0000
loss_aft Adj 0.38E82 o._o0400 4. 0000
loss bef Adj 0.3114a O_0z20 Z.3000
return aft Adj 0. 7000 0._070a0 7.0000
return bef Laan 5. o0ao

L. 0000
wol Adj 2273 ET3E I00.0000  Z0000. 0000

Marme:  return_bef Valle: ID 5
=g Jie Low Limit: [0.05000000
+ Adiustable
High Limnit; IE.EII:IDDEII:IDU
Done Cancel | Help

c. Click Done.

8. Solve the model and view the solution. The plot of the plasma data will appear as
follows:
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=10/ x|

105 T T T T T T T I T T T =
a1 3
o plosma i
10" - E
103 = —
o 1

1|:|2 1 1 1 1 1 1 ] 1 1 1 ] 1 1 1

q 10 15
1 (doys)

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

=10l ]
=]

1I:I T T T I T T T I T T T =
a1 ]
o plozma ]
10' L -
10° L -
E 1

'1|:|2 1 1 1 1 1 I 1 1 1 I 1 1 1

] 10 15
1 (day=)

a. View the statistical information. The Statistics window will appear as shown

below:
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Bt

=10l %]

sl : plasma

Total ocbjectiwe

1.277E87e+001

1. E77ze7e+001

4.4925636e-001

Parameter Wariahle Talue Scd_Dew. Coef. of War. 95% Confidence Interwval
k(2,2 0_17L5E2  2.32087ce-00z 1.2245Z=+001 O.10&532 O_Z4483 &~
loss_aft 0.47378 1.47E86Ze-001 3.114E58=+001 0.16433 078263
loss_bef 0.28738 3.16857=e-00FZ 1.10Z53=+001 0.Ez107 0.35371
return aft 0.39504 1.Z174E5=-001 3.0740%=+001 0.141Z2 O_&E08E
return bef 0.26231 1.43F33e-001 E.45055=+001 -0.03748 O_E&z210
wol Z325.44733 7.69406e+001 3.30864e+000 Z164_ 40314 2486 _ 48551
————————————————————————————————— Derived Wariahles - —————------""-""""""""""""—"—"-"-"-"—-—-——
(0,2 0.2873% 3.16857=-00Z 1.10E53=+001 O.&z107 D.353?l-:J
. Correlation Matrix r Cowvariance Matrix
Objective Scaled Data Wariance _:J

ATC 7.EBEZT7Ee+000
EIC 7.7E56015e+000
Kl _>I_I
S5AAM 11 . . . . .
Parameters estimated from data. Notice in going through this case study that

you started with four adjustable parameters and ended up estimating with
satisfactory precision six. The reason why is that there is enough information
in the data. When you fitted the data to day 9, you say there was enough
information to estimate the four parameters quite well. When the perturbation
was introduced and the shape of the curve changed, there was enough
information to estimate the remaining two parameters. The statistics are
reasonable with the possible exception of return_bef whose coefficient of
variation is larger than 50%.

f==]
snamae

Close the Statistics window.

b. Plotsl, plasma and s1{Day91}. The plot will appear as follows:
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_ioix

o plosma
51
- — - 31 {Day-%1

T T IIIIIII
1 1 1 --iIIII'I

0 A 10 15
1 (days=)

You can see the model which permits changes in k(0,2) and k(2,3) describes
the data very well; the difference caused by the introduction of TPN can be
observed by comparing the solution with the solution when only data to day 9
were fitted.

c. Plot the weighted residuals. The plot will appear as follows:
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=10|x|

31-wrag

|
'y

|
bl

C:'IIIIIIIIIIIII

10 15
1 (day=)

The weighted residuals are randomly distributed, and lie, with the exception
of the datum at day 18, in a band between -1 and 1.

10. Close all open windows.

Quit the SAAM |1 Compartmental application. You may save this study file if you
wish for future reference.
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Essential Points to Remember

e Change conditions is a power tool in SAAM |1 to model experimental
perturbations.

e Saving solutions can help in the model development process by permitting
comparisons among competing model structures.

e Unweighting and reweighting data can be an important component of the model
development and testing process.

e Inassessing different model structures, it is necessary to examine both the model
solution and the weighted residuals.
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Data for this case study

DATA

t plasma
0.007 46780
0.042 43522
0.125 42535
0.25 40125
0.375 36221
0.5 35562
1 28194
2 19573
3 14403
4 11278
5 8081
6 6999
7 5653
8 5139
9 4210
10 3658
11 3004
12 2367
13 1928
14 1415
15 1193
16 996
17 801
18 511
19 580
END
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