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Linear Coupled Differential Equation System
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Principle for Solution

C;_}t( = AX + f (t) with the 1nitial condition};

m = Xy (tj + Xp (tj
X(t) = exp(At) X, + exp(At) = £ ()

m = exp(At)j(: + fot exp|A(t — 1)] f(7)dt



Case Presentation

1. Dosing History
— 0 hr, 100 mg IV bolus.
— 24 hr, 150 mg IV infusion with the rate of 50mg/hr
— 48 hr, 100 mg PO

2. Observation Time Points

— 1, 2, 4, 8, 12 hour after each dosing



Simulation Scenario

1. One-compartment model

Ka=1, Ke=0.1, F=1, V=1
2. Two-compartment model

Ka=1, Ke=K10=0.1, K12=3, K21=1, F=1, V=1,
3. Three-compartment model

Ka=1, Ke=K10=0.1, K12=3, K21=1, K13=2,
K31=0.5, F=1, V=1



Data Prep

install .packages ("wnl'") ; require (wnl)

TIMEO = c(1, 2, 4, 8, 12)

TIME = c(TIMEO, TIMEO + 24, TIMEO + 48)
DV = rep(NA, length(TIME))

Obs = cbind (TIME, DV)

TIME = c(0, 24, 48)

AMT = c (100, 150, 100)

RATE = ¢ (0, 50, 0)

CMT = c(2, 2, 1)

DoseHist = cbind (TIME, AMT, RATE, CMT)

DAT = merge (Obs, DoseHist, all=TRUE) ; DAT
DAT2 = ExpandDH (DAT) ; DAT2



R script

# 1 Comp
X1 Compl (Ke=0.1, Ka=1l, DAT2) ; X1
matplot (DAT2[, "TIME"], X1, type="1")

# 2 Comp

Sol = SolComp2 (K10=0.1, K12=3, K21=1)
X2 nComp (Sol, Ka=1l, DAT2) ; X2
matplot (DAT2[, "TIME"], X2, type="1")

# 3 Comp

Sol = SolComp3(K10=0.1], K12=3, K21=1, K13=2, K31=0.5)
X3 nComp (Sol, Ka=1l, DAT2) ; X3

matplot (DAT2[, "TIME"], X3, type="1")
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R script for PK13

setwd ("C:/G/Rt/Gab/") ; require(wnl)
dPK13 = read.csv("PKl3.csv", skip=1l) ; colnames (dPK13) = c("TIME", "DV") ; dPK13

TIME = c(0, 0) ; AMT = c (400, 800) ; RATE = c(0, 800/26) ; CMT = c(2, 2)
DH = cbind (TIME, AMT, RATE, CMT)

dPK13a merge (dPK13, DH, all=TRUE) ; dPKl3a
dPK13b = ExpandDH (dPK1l3a) ; dPK13b

fPK13 = function (THETA)
{
Ve = THETA[1]
K10 = THETA[2]
K12 = THETA[3]
K21 = THETA[4]
Sol = SolComp2 (K10, K12, K21)
X1 = nComp (Sol, Ka=0, dPK13Db)
X1[,2] = X1[,2]/Ve
return (X1[dPK13b[,"TIME"] %in$%$ dPK13[,"TIME"], 2])
}
# Test fPK13
Ve=2.917; K10=0.1183; K12=0.0601; K21=0.0808 ; fPK1l3(c(Vc, K10, K12, K21))

nlr (fEPK13, dPK13, pNames=c("Vec", "K10", "K12", "K21"), IE=c(2, 0.2, 0.1, 0.05),
Error="C", SecNames=c("Vt", "Cl", "Cld"), SecForms=c (~Vc*K12/K21l, ~Vc*K1l0, ~Vc*Kl2))



R Script Part 1 for PK12

require (wnl) ; require (deSolve)
dPK1l2 = read.csv("PKl2.csv", skip=1) ; colnames (dPK12) = c("TIME", "DV") ,; dPK1l2
Dpo = 2500

PKde = function(t, vy, p)
{
if (t > 60 & £t < 75 ) RateIn = 33.33333 # 500/15

else RateIn = 0

if (t < p["Tlag"]) Ka =0
else Ka = p["Ka"]

dyldt = -Ka*y[1] # gut

dy2dt = (RateIn + Ka*y[1] - p["Cl"]*y[2] - p["Cld"1*y[2] + p["Cld"]*y[3])/p["Vc"]
dy3dt = (p["Cld"]*y[2] - p["Cld"]1*y[3])/p["Vt"] # peripheral
return(list(c(dyldt, dy2dt, dy3dt)))

Times = c(0, dPK12[,"TIME"])
iTime = 2:length (Times)
y = lsoda(y=c(0.0464*Dpo, 0, 0), times=Times, func=PKde,
parms=c (Ka=0.104, Vc=0.12, Vt=0.2758, C1=0.014566, C1d=0.02, Tlag=4.8694))
plot (dPK12[,"TIME"], dPK12[,"DV"]) ; lines(yl[,1], yI[,3])



R Script Part 2 for PK12

fPK12 = function (THETA)
{

Fa = THETA[1]
Ka = THETA[2]
Ve = THETA[3]
Vt = THETA[4]
Cl = THETA[5]
Cld = THETA[6]

Tlag = THETA[7]

Fs = lsoda(y=c(Fa*Dpo, 0, 0), times=Times, func=PKde,
parms=c (Ka=Ka, Vc=Vc, Vt=Vt, Cl=Cl, Cld=Cld, Tlag=Tlagqg))

return(Fs[iTime,"2"])

fPK12(c(0.0464, 0.104, 0.12, 0.2758, 0.014566, 0.02, 4.8694))

nlr (fEPK12, dPK12, pNames=c("F", "Ka", "Ve", "Vt", "Cl1l", "Cld", "Tlag"),
IE=c(0.05, 0.1, 0.2, 0.6, 0.02, 0.01, 2),
LB=c(0.01, 0.01, 0.02, 0.06, 0.002, 0.001, 0),
UB=c(1, 1, 100, 1000, 10, 100, 5))



Summary

* Necessary Packages
— wn|
— deSolve

« Usage of solution

— Simulation

— Estimation: Gabrielsson type, TDM



