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Analyzing the pharmakinetics model:

Reference:

Blut—Glucose {ma/di),~Insulin (ul/mi)

Blut-Gluccse (rmg/dl),=Insulin (uU/mi)
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Part 1 - ODE of the system: Solution of the OGTT equation:

In this section I use subscripted variables. First clear all existing values:

In[60]:=

In[61]:=

In[62]:=

Inf68]:= concedgn = Simplify[DSolve[Join[egns, inits], vars, t] ];

ClearAll["Global  *"]
Needs["Notation™ "]

vars = {g[t], i[t]};

eqns = {g'[t] = (If[t < t, dose, dose*Exp[-0.05% (t-t)]]-ml*xg[t] -m2*xi[t]),

i'[t] = m3xg[t] -mdxi[t])};

inits = {g[0] = 0, i[0] = 0};

(* dose=6; =x)

t = 15;

o = 0;
numberofparams = 5;



In[69]:=

In[70]:=
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mlv = 0.05; m2v = 0.05; m3v = 0.05; md4v = 0.05; dosev = 6;
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Part 2 - Plotting of the ODE:
(To Enter The Transpose T at data2 you have to enter [escitriesc )

In[71]:=

In[72]:=

In[73]:=

In[74]:=

out[74]=

Needs|["PlotLegends™ "]

model = {vars[1l] /. conceqn, vars[2] /. conceqgn};

p6 = Plot[{ (model[[1]] /. {ml » mlv, m2 » m2v, m3 » m3v, m4 » mdv, dose - dosev}),
(model[[2]] /. {ml » mlv, m2 » m2v, m3 » m3v, m4 » mdv, dose - dosev}),
If[t < t, dosev, dosevx*xExp[-0.05% (t-t)]]}, {t, 0, 200},
PlotRange -» All, ImageSize -» 500, PlotStyle » {Red, Blue, Green},
PlotLegend » {"Glc", "Ins", "Dose"}, LegendSize -» 0.2];
Show[p6]
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Part 3 - Fitting the observed data:

The following data are the observed Glycose from Fig 1 a) and the treshold of yy1 is subtracted from the other yy of these
data.
The data yy?2 is the observed insulin

In75= xx = {0, 31.21, 61.53, 90.95, 126.19, 150},
yy = {77.32, 165.58, 129.69, 103.57, 91.64, 74.57};

treshold = yy[[1]]; yy = Map[ # - treshold &, yy]; datal = {xx, yy}";
XX2 = XX;

yy2 = {0, 91.51, 104.24, 45.17, 8.11, 7.79};

data2 = {xx2, yy2}7;

n8i= Pl = ListPlot[{datal, data2}, PlotStyle » {Red, Blue} ];
f2a = (model[1l] /. {ml - mlop, m2 - m2op, m3 - m3op, m4 » mdop, dose - doseop});
£f2b = (model[[2] /. {ml -» mlop, m2 - m2o0p, m3 -» m3op, m4 » mdop, dose - doseop});
MyFIT = FindFit [datal, f2a, {{mlop, 0.035}, {m2op, 9.602 x10*-6},
{m3op, 1.08 *10”~-5}, {mdop, 0.0434}, {doseop, 6}}, t, MaxIterations -» 5000]

FindFit::sszero :
The step size in the search has become less than the tolerance prescribed by the PrecisionGoal option, but the
gradient is larger than the tolerance specified by the AccuracyGoal option. There is
a possibility that the method has stalled at a point that is not a local minimum. >

out[84]= {mlop - 0.0349998, m2op - 0.0000335654, m3op - 0.0000377493, mdop - 0.242148, doseop - 6.}

At this step I used the Sum-squared-errors which should be a minimum. To include both curves I have added the SSE of
curvel and SSE of curve2

Inj85]:= £3a := (model[1l]); £3b := (model[2]);
SSEa = Sum[ ((yy[[i]] - ((£3a /. {t -» xx[[i]]1}))) *2), {i, Length[xx]}];
SSEb = Sum[ ((yy2[[i]] - ((£3b /. {t - xx2[[i]]}))) *2), {i, Length[xx2]}];
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In86]:= MyFITminOP = NMinimize [SSEa + SSEDb,
{{m1, 0, 0.03}, {m2, 0, 0.05}, {m3, O, 0.5}, {m4, 0, 0.5}, {dose, 3, 9}},
MaxIterations -» 50000, Method -» {"RandomSearch", "PostProcess" - "KKT"} ]

LessEqual::nord : Invalid comparison with 6.91417 —3.7299 x 107 attempted. >
LessEqual::nord : Invalid comparison with 6.91417 —3.7299 x 107 attempted. >
LessEqual::nord : Invalid comparison with 0.678711 +7.69093 x 10732, attempted. >

General::stop : Further output of LessEqual::nord will be suppressed during this calculation. >

FindMinimum::fmns :
Starting value {6.91417 -3.7299x 107 i, 0.678711 +7.69093 x 107* i, 0.744359 - 8.1376 x 10~** ;, 0.365108

-1.98815x 107! i, —0.155102 -1.09056 x 1073 z'} contains numbers that are not real. >

FindMinimum::fmns :
Starting value {6.91417 -3.7299x 10~>* i, 0.678711 +7.69093x 10> i, 0.744359 — 8.1376 x 10> i, 0.365108
-1.98815x 107! i, —0.155102 -1.09056 x 1073 zz} contains numbers that are not real. >

Greater::nord : Invalid comparison with —0.924512 —1.37348 x 1071 attempted. >
Less::nord : Invalid comparison with —0.924512 —1.37348 x 107 attempted. >
Greater::nord : Invalid comparison with —0.999663 - 6.86725 x 10718 attempted. >
Less::nord : Invalid comparison with —0.999663 —6.86725 x 10718 attempted. >
Greater::nord : Invalid comparison with —0.977949 —6.07233 x 10716 ; attempted. >
General::stop : Further output of Greater::nord will be suppressed during this calculation. >
Less::nord : Invalid comparison with —0.977949 —6.07233 x 1071 attempted. >

General::stop : Further output of Less::nord will be suppressed during this calculation. >

FindMinimum::fmns :
Starting value {3.0415-3.02631x 107> i, 0.322204 + 4.53516 x 10 >? i, 0.316543 — 1.59255x 107" ;, 0.310824

~1.44265x 107" §, 0.16465 —4.95901 x 10> i} contains numbers that are not real. >
General::stop : Further output of FindMinimum::fmns will be suppressed during this calculation. >

outsel- {258.345, {ml > -0.00347196-2.36781x10"" 1,
m2 > 0.0205362+1.14853x107'" 1, m3 > 0.120538-1.06941x107*° 1,
m4 - 0.0846872 -8.56421 x 107" i, dose » 4.12695-1.46513x10 " i}}

In[87]:= ERR = Sqrt[MyFITminOP[[1]]]

out[g7]= 16.0731

In88l:= MyFITmin = MyFITminOP[[2]] /. {ml - mlop, m2 - m2op, m3 - m3op, m4 - md4op, dose » doseop}

outssl- {mlop - -0.00347196 - 2.36781x 107" i,
m2op - 0.0205362 +1.14853 x107'" 1, m3op - 0.120538 -1.06941 x107%° 1,
m4op > 0.0846872 - 8.56421 x 10" i, doseop > 4.12695-1.46513x10 *° i}
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In[89]:=
Manipulate|[
P2 = Plot[{(f2a /. {mlop -» ml, m2op -» m2, m3op -» m3, mdop » m4, doseop - dose} ) ,
((£2b /. {mlop -» ml, m2op » m2, m3op -» m3, mdop » m4, doseop -» dose}) »x1),
If[t < t, dose, dose *Exp[-0.05% (t-1t)]]}, {t, 0, 200},
PlotRange » All, ImageSize -» 500, PlotStyle -» {Red, Blue, Green}];
Show[p2, pl],
{{ml, Re[mlop] /. MyFITmin}, -0.01, 0.5},
{{m2, Re[m2op] /. MyFITmin}, 0.00, 0.5},
{{m3, Re[m3op] /. MyFITmin}, 0.00, 0.5},
{{m4, Re[md4op] /. MyFITmin}, 0.005, 0.5},
{{dose, Re[doseop] /. MyFITmin}, 1, 8}, SaveDefinitions -» True
1
m (]
m ]
M
m3 J
M
m4 U
M
dose U
Out[89]=

200
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9= P2 = Plot[{(f2a /. MyFITmin) , ((£f2b /. MyFITmin)),
If[t < t, doseop, doseop *Exp[-0.05% (t-t)]] /. MyFITmin},
{t, 0, 200}, PlotRange » All, ImageSize -» 500, PlotStyle » {Red, Blue, Green},
PlotLegend » {"Glc", "Ins", "Dose"}, LegendSize -» 0.2];
Show [
p2]
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Part 4 - Calculate the Standard Deviation with Fisher's Info Matrix

In[92]:= Symbolize[ m_ ]

Symbolize[ o ]
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In[94]:= numDerivsTable[symDerivMat_, Xtime_, MyFIT ] :=
Module [
{numDerivM = Table[symDerivMat /. {t » Xtime[[i]], ml - mlop, m2 - m2o0p, m3 - m3op,
m4 - mdop, dose » doseop} /. MyFIT, {i, 1, Length[Xtime]}]},
numDerivM] ;
DerivM = D[model[[1]], {{ml, m2, m3, m4, dose}}]; MyFITminReal =
{ml » Re[mlop], m2 » Re[m2op], m3 -» Re[m3op], m4 » Re[mdop], dose » Re[doseop]} /.
MyFITmin /. {ml - mlop, m2 - m2op, m3 - m3op, m4 » m4op, dose » doseop}
ND = Flatten[numDerivsTable[DerivM, xx, MyFITminReal], 1]; MatrixForm[ND]

out[95]= {mlop - -0.00347196, m2o0p - 0.0205362, m3op - 0.120538, mdop - 0.0846872, doseop —» 4.12695}

Out[96]//MatrixForm=
-5.59108x 107 +2.27374x107° 1 -1.39469x107%%+9.09495x10 71 -9.89236x107*+2.27374>

~1540.78 +2.74296 x 107 1 ~-1225.78+3.09228 x 107t 1 -208.838+5.00222x 10
-2582.25-4.58861x 10712 1 -3285.69-5.09317x107't 1 ~-559.785-7.50333 x 10
~1906.91-3.27624x10 1 -3126.53-5.45697x107*% 1 -532.67-1.81899x 10"
-763.113-2.4673x107 1 -1583.13-2.27374x10 1 -269.718-5.68434x 10
-307.332+3.09404x 1071 ~755.209 +1.08002x 107 % i -128.666 +2.41585x 10

In97:- FisherInfoMat = Dot [ND', ND|; MatrixForm[FisherInfoMat]
Oul[97)/MatrixForm=
1.33551x107 -4.81466x10%1 1.77753x107+8.5975x107%1 3.0284x10°+1.37182x107°% 1
1.77753x 107 +8.5975x10° %41 2.51501x10" +2.92093x10" "1 4.28485x10°+4.89987x10°%1
3.0284x10°+1.37182x10%1 4.28485x10°+4.89987x10°°%1 730013. +8.21754%x107° i
-3.84246x10°-3.20168x10°1 -5.75093x10°-9.2327x10"%1 -979790.-1.57197x107°% 1
-79328. +5.06933x1071% 1 -90089.8-8.24208x107 " 1 -15348.7-8.25807x107*% 1

Injo8]:= FisherInfoMatRe = Map[Re[#] &, FisherInfoMat]; MatrixForm[FisherInfoMatRe]

Out[98]//MatrixForm=
1.33551x107 1.77753x107 3.0284x10° -3.84246x10° -79328.

1.77753 x107 2.51501x107 4.28485x10° -5.75093x10° -90089.8

3.0284x10° 4.28485x 10° 730013. -979790. -15348.7
-3.84246 x10° -5.75093x10° -979790. 1.38579 x10° 16708.4
-79328. -90089.8 -15348.7 16708.4 662.66

In[99):= degreeoffreedom = Length[xx] - numberofparams; SSEan = Re[SSEa] /.
(MyFITminReal /. {mlop -» ml, m2op - m2, m3op -» m3, md4op -» m4, doseop -» dose})

out[99]= {147.904}

In[107]:= {\/ SSEan / degreeoffreedom [[1]] \/Diagonal [PseudoInverse[FisherInfoMat]] } /7
TraditionalForm

Out[107]//TraditionalForm=
(0413475 +5.24172x 107§ 0.3956 +2.2373x10712i 0.0673987 — 1.28004x 107" i 0.681048 +9.66311x107'4i 11.3437

In[1o1]:= % // MatrixForm

Out[101]//MatrixForm=
(0.413475+5.24172x 107" i 0.3956 +2.2373x107% 1 0.0673987-1.28004x107*'1i 0.681048 +9.6

= Results of the Standard-Deviations and system-parameters:

In[1021= | Om1 | Om2 | On3 | Oma | Odose | = {Flatten[Map[ Re[#] &, %]]}

out[102)= {{0.413475, 0.3956, 0.0673987, 0.681048, 11.3437}}
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In[103]:= |m1 |m2 |m3 |m4 |dose| = {Map[Re[#] &, {mlop, m2op, m3op, md4op, doseop} /. MyFITmin]}

out[103]= {{-0.00347196, 0.0205362, 0.120538, 0.0846872, 4.12695}}
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= To see that the INVERSE makes a warnings, here the output:

In[104]:= Diagonal [Inverse[FisherInfoMatRe]]

Inverse::luc : Result for Inverse of badly conditioned matrix
{{1.33551x 107, 1.77753x 107, 3.0284x 10°, -3.84246 x 10°, ~79328.}, <1, (<1}, (-<22>»>
, &3>, «<19>}, {-79328., —90089.8, —15348.7, 16708.4, 662.66}}

may contain significant numerical errors. >

outfio4)= {0.00115589, -1.95699 x 10°, -6.74215x10°, 0.003136, 0.870027}

In[105]:= PseudoInverse[FisherInfoMatRe] // TraditionalForm

Out[105]//TraditionalForm=
0.00115589 —0.00110452 —0.000188177 -0.00189229  0.031567
—-0.00110452 0.00105811  0.000180272  0.00181818 —0.0300392
—0.000188177 0.000180272 0.0000307131 0.000309765 -0.0051178
-0.00189229 0.00181818  0.000309765 0.003136  —0.0512408
0.031567 —-0.0300392 -0.0051178  —0.0512408  0.870027

In[106]:= Diagonal [PseudoInverse[FisherInfoMatRe]]

Out[106)= {0.00115589, 0.00105811, 0.0000307131, 0.003136, 0.870027}



