Pharmacokinetics of salicylic acid: Half-life in Humans
1 mg SA/L = .724E-5 M =7.24 uM. 1 mole SA = 138.1 grams.
Low Dose Data:
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Figure 1. Mean (+ standard deviation) plasma concentration-time
profiles for acetylsalicylic acic (ASA) and salicylic acid (SA) after
three single, 80-mg oral doses of ASA. O, dose period 1 (N = 10); O,
dose period 2 (N = 10); A, dose period 3 (N = 9).

(IH Benedek, AS Joshi, JH Pieniazek, SY King and DM Kornhauser; Variability in the
pharmacokinetics and pharmacodynamics of low dose aspirin in healthy male volunteers.

J. Clin. Pharmacl 1995; 35; 1181)
The data for the | ow dose nodel was taken from | H Benedek, et al.,
Figure 1, right panel, |ast seven points dose period 1.
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Midrange Dose Data:
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Fig. 4. Plasma salicylic acid concentration-time profiles following
the intravenous, oral, and intramuscular administration of aspirin
(as lysine acetyl salicylate) to nine male and nine female subjects
(mean i.v. dose, 898 mg; oral dose, 1000 mg; mean i.m. dose, 917
mg). Each point is the mean value (averaged over sexes) for the
route of administration: A—oral; @—i.v.; B—i.m.

L Aarons, K Hopkins, M Rowland, S. Brossel, and JF Thiercelin: Route of administration
and sex differences in the pharmacokinetics of aspirin, administered as its lysine salt.
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Pharmaceutical Research, Vol 6, No 8, 1989. p 660-666.
The data for the md dose nodel was taken fromL Aarons, et al.,
the | ast eleven points of the orally adm nistered does.

High Dose Data:
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(LF Prescott, M Balali-Mood, JAJH Critchley, AF Johnstone, AT Proudfood; Diuresis or
urinary alkalinisation for salicylate poisoning? British Medical Journal, 285 13

November 1982 p1383 -1384.) The data fromthe high does nodel was taken
fromLF Prescott, et al., the last nine points fromthe Control.

Digitized Data:
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Calculating half-life for salicylic acid clearance
The ordinary differential equation is for clearance is given by
dSAldt=—k-SA
with rate constant k and with initial condition

SA(t=0)=SA0.
The solution is given as

SA(t)=SA0-exp(—k-t).
When half of the salicylic acid is removed, the equation becomes

SA0/2= SAO-exp(—k-thalf).

Dividing both sides by SAO and taking the natural logarithm of both sides
yields

k=10ge(2)/thalf.

Therefore, we can write the ordinary equation as

dSAldi=—log,(2)I1, - SA.
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[/ The nobdel in JSimis as foll ows:

i mport nsrunit;
unit conversion on;

mat h hal fLife {

real Domain t hour ; t.mn=0; t.nmax=16; t.delta=0.1;
real SA(t) mg/L, SAO =1 ng/L;

real thalf = 2 hour;

when(t=t. mn) SA=SAQ;

SA't = -1n(2)/thal f*SA;

}

// An alternate version i s

i mport nsrunit;
unit conversion on;

math hal fLife {

real Domain t hour ; t.min=0; t.nmax=16; t.delta=0.1;
real SA(t) ng/L, SAO0 =1 ng/L;

real k = 0.3465735903 hour”(-1);

real thalf =1n(2)/k;

when(t=t.nn) SA=SAO;

SA:t = -k*SA

}

Does it make a difference which model we use? The first model can give us
error bars on k, the rate constant, the second model can give us error bars on
half life.
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//Here is a sinple enzyne conversi on nodel :

/* Sinple Enzyne nodel for data

kf1-> kf 2- >
S+Enzyne<----- > SEnzyneConpl ex<----- > Enzyne+Pr oduct
<- kb1 <-kb2

*/
i mport nsrunit; unit conversion on
mat h Si npl eEnzyne {

real Domain t hour; t.mn=0; t.nmax=16.0; t.delta=0.05;

real kfl = 10. L/(mg*hour), kbl = 10. hour”(-1); // rate constants
for substrate

real kb2 = 0.0 L/(ng*hour), kf2 = 10. hour”(-1); // rate constants
for product

real Etot = 0.1 ng/L; /'l Total Amount of
Enzyne

real S(t) ng/L, E(t) mg/L, SE(t) ng/L, P(t) ny/lL;
real Stot = 1 ng/L;

when(t=t.mn) {S=Stot; SE=0;}

St = -kfl1*S*E + kbl*SE;

SE:t = Kkf1*S*E - kb1*SE - kf2*SE + kb2*E*P;
Stot =S+ SE + P ;

Etot = E + SE ;

}
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/= Enzyme nodel for all sets of data
usi ng shared paraneters

kf1-> kf 2- >
S+Enzyne<- - - - - > SEnzyneConpl ex<----- > Enzyne+Pr oduct
<- kb1l <-kb2

*/

i mport nsrunit;
unit conversion on;

mat h Ful | Enzyme {
real Domain t hour; t.m n=0; t.nax=16.0; t.delta=0.05;

real kfl1 = 10. L/(ng*hour), kbl = 10. hour”(-1); // rate constants
/'l for substrate

real kb2 = 0.0 L/(ng*hour), kf2 = 10. hour”(-1); // rate constants
/1 for product

real Etot = 0.1 ng/L; /] Total Amount

[l of Enzyne

real LS(t) ng/L, LE(t) ng/L, LSE(t) ng/L, LP(t) no/L;
real LStot = 1 ny/lL;

when(t=t.mn) {LS=LStot; LSE=0;}

LS:t = -kf1*LS*LE + kb1l*LSE;

LSE: t kf 1*LS*LE - kb1*LSE - kf2*LSE + kb2*LE*LP;
LSt ot LS + LSE + LP ;

Etot = LE + LSE ;

real M5(t) ng/L, ME(t) ng/L, MSE(t) ng/L, MP(t) no/lL;
real Mstot = 1 ny/lL;
when(t=t.mn) {MS=Mstot; MSE=0;}

MS:t = -kfl*MS*ME + kbl* MBE;
MSE:t = Kkfl1*MS*ME - kbl*MSE - kf2*MSE + kb2* ME* MP;
Mstot = M5 + MSE + MP

Etot = ME + MSE

real HS(t) nmg/L, HE(t) ng/L, HSE(t) ng/L, HP(t) ng/L;
real HStot = 1 ny/L;
when(t=t.mn) {HS=HStot; HSE=O0;}

HS:t = -kf1*HS*HE + kbl*HSE;
HSE:t = kf1*HS*HE - kb1*HSE - kf2*HSE + kb2* HE* HP;
HStot = HS + HSE + HP ;

Et ot = HE + HSE ;
}
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[/ MODEL wi th Briggs-Hal dane Kinetics

import nsrunit; unit conversion on;
mat h Sal i cylicAci dCl earance { real Domain t hour; t.mn=0; t.nmax=16.0;
t. del t a=0. 05;
/*
A Mat hemati cal Mbdel expressing clearance as exponential decay

C(t)=C0*exp(-k*t)

Hal f Life:
C0/ 2=C0*exp(-k*thal f), Di vi de both sides by CO and take the natural
| og

In(1/2)=In(1)-1n(2)=-1n(2)=-k*t. Therefore
k=l n(2)/thalf;

Instead of witing dCdt=-k*C, we will wite

dc/ dt=-(In(2)/thal f)*C.

*/

real lo(t) ng/L, md(t) ng/L, hi(t) ng/L;
| o.desc ="lo concentration";
m d. desc ="m d concentration";

hi . desc "hi concentration”;
real Alo =1 ng/L, Amd =50 ng/L, Ahi =300 ng/L;
Alo.desc ="Initial |o concentration”;
Ami d.desc ="Initial md concentration”;
Ahi . desc "Initial hi concentration";
real thalflo =5 hour, thalfmd = 5 hour, thalfhi = 5 hour;
thal fl o.desc="half life |0o";
thal fm d. desc="half life md";
thal fhi.desc="half life hi";
when(t=t.mn) {lo=Alo; md=Anid; hi=Ahi; }
lo:t=(-In(2)/thal flo)*lo;
md:t=(-1n(2)/thal fmd)*nid;
hi:t=(-In(2)/thal fhi)*hi;

/* Enzyme nodel for all sets of data
usi ng shared paraneters

kf 1 kf 2
SA+Enzynme --> SAEnzynmeConpl ex --> Enzyne+Product
kb1l

*/
real kfl= 1 L*ng™(-1)*hour”(-1), kbl = 1 hour~(-1), kf2 =1 hour”(-1);
kf 1. desc="first forward rate constant";
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kf 2. desc="second forward rate constant"”

real LCenz(t) no/L, LOE(t) ng/L, Eo(t) no/L;
real MDenz(t) ng/L, MDE(t) ng/L, Emd(t) ng/L;
real Henz(t) ng/L, HEt) ng/L, Ehi(t) ng/lL;

real Etot = 6 ng/L;

when(t=t.mn) {LCenz = Alo; MDenz = Anid; H enz = Ahi;
LCE = 0; MDE = 0; HE = 0;}

LCenz:t =  -kfl1*LCenz*El o+kb1*LCE;

LOE: t = - (-kf1*LCenz* El o+kbl* LOE+kf 2* LCE) ;

El o = Etot-LCE;

M Denz:t = - kf 1* M Denz* Eni d+kb1* M DE;

M DE: t = - (-kf1*M Denz*Em d+kb1* M DE+kf 2* M DE) ;

Emd = Etot-M DE;

H enz:t = -kf 1*H enz* Ehi +kb1* Hl E;

H E: t = - (-kf 1*H enz* Ehi +kb1* Hl E+kf 2*Hl E) ;

Ehi = Etot-H E;

R Bri ggs- Hal dane Enzyne Kinetics-------------

dC/ dt = - Vimax* ¢/ (Km+C)

*/

real estKm ng/L;

est Km = (kf2+kb1)/kf1;

real estVmax ng/L*hour”™(-1);
est Vmax = kf2*Etot;

real LOBH(t) ng/L, MDBH(t) ng/L, HBH(t) ng/L;
when(t=t.mn) {LOBH=Al o; M DBH=Am d; HI BH=Ahi ;}
real Km= 10 ny/L;

real Vmax = 8 ng/(L*hour);

LOBH: t =- Vmax* LOBH ( Km+tLOBH) ;

M DBH: t =- Vmax* M DBH ( Km+M DBH) ;
HI BH: t =- Vmax* Hl BH ( KmtH BH) ;

}
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[/ Installed Model On Wb Site:

/* MODEL NUMBER 280
MODEL NAME: Aspirin
SHORT DESCRI PTION: Salicylic acid (SA) clearance for three different
dose ranges is nodel ed as an enzyne reaction.

*/

import nsrunit; unit conversion on;
math Aspirin {

/| | NDEPENDENT VARI ABLE
real Domain t hour; t.mn=0; t.nmax=90.0; t.delta=0.1;

/| PARAMETERS ( SHARED BETWEEN 3 MODELS

real konl = .1827 L*ng"(-1)*hour~(-1), // On rate for SA + enzyne

KD1 = 6.304 nog/L, /1 Dissociation constant for
SA enzyne conpl ex

kof f1 = KDl1*konl, [l Of rate for SA enzyne
conpl ex

kon2 = .0030 L/(ng*hour), /[l On rate for Product +
enzyne

KD2 = 250 ng/L, /1 Dissociation constant for
Product enzyne conpl ex

kof f 2 = KD2*kon2, [l Of rate for Product enzyme
conpl es

(€] = 0. 03 1/ hour, /1 Cdearance rate from plasna

Etot = 10 ny/L; /'l Total enzyne

/* LOW DOSE MODEL
The data for the | ow dose nodel was taken from | H Benedek, et al.,

Figure 1, right panel, |ast seven points dose period 1.
*/
11 LOW DOSE PARAMETER
real LSAtot = 8.183 ny/L, /1 Total Low Dose concentration
11 LOW DOSE MODEL VARI ABLES
LSA(t) no/L, /'l Low dose SA
LSAE(t) no/L, /'l Low dose SA enzyme conpl ex
LE(t) nog/L, /'l Low dose free enzyne
LP(t) ng/L; /1l Low dose product
/11 LOW DOSE | NI TI AL CONDI TI ONS
when(t=t.mn) {LSA=LSAtot; LSAE=0; LP=0;}
/11 LOW DOSE ORDI NARY DI FFERENTI AL AND MASS BALANCE EQUATI ONS

LSA:t = -konl*LSA*LE+kof f 1* LSAE;

LSAE:t = konl*LSA*LE- kof f 1* LSAE- kof f 2* LSAE+kon2* LE* LP;
LP:t = kof f 2*LSAE - kon2*LE*LP - (*LP;
LE = Etot - LSAE

/* M D DOSE MODEL
The data for the md dose nodel was taken fromL Aarons, et al.,
the |l ast eleven points of the orally adm nistered does.
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*/

Il M D DOSE PARAMETER
real MSAtot = 73.378 ng/L, /1 Total M D Dose concentration
/1 M D DOSE MODEL VARI ABLES
MBA(t) no/L, /1 M D dose SA
MBAE(t) ng/L, /1 MD dose SA enzyne conpl ex
ME(t) no/lL, /1 MD dose free enzyne
MP(t) ng/L; /1 M D dose product
/1 M D DCSE | NI TI AL CONDI TI ONS
when(t=t.mn) {MSA=MBAtot; MSAE=0; MP=0;}
/1 M D DOSE ORDI NARY DI FFERENTI AL AND MASS BALANCE EQUATI ONS

MBA: t = - konl* MSA* MEt+kof f 1* MSAE;

MSAE: t = konl* MSA* ME- kof f 1* MSAE - kof f 2* MSAE + kon2* ME* MP;
MP: t = kof f 2* MSAE - kon2* ME*MP - Gp* VP,
ME = Etot - MSAE

/* H GH DOSE MODEL
The data fromthe high does nodel was taken from LF Prescott,
et al.,the last nine points fromthe Control.

*/

11 H GH DOSE PARAMETER

real HSAtot = 343.42 ng/L, /1 Total H GH Dose

concentration

11 H GH DOSE MODEL VARI ABLES
HSA(t) no/L, /'l H GH dose SA
HSAE(t) ng/L, /1 H GH dose SA enzyne conpl ex
HE(t) no/L, /1 H GH dose free enzyme
HP(t) ng/L; /1 H CGH dose product

/1 H GH DOSE | NI TI AL CONDI TI ONS

when(t=t.mn) {HSA=HSAt ot; HSAE=0; HP=0;}

I H GH DOSE ORDI NARY DI FFERENTI AL AND MASS BALANCE EQUATI ONS

HSA:t = - konl* HSA* HE+kof f 1* HSAE;

HSAE: t = konl* HSA* HE- kof f 1* HSAE- kof f 2* HSAE+kon2* HE* HP;
HP: t = kof f 2*HSAE - kon2*HE*HP - Go*HP;
HE =Et ot - HSAE;

}

/*

DETAI LED DESCRI PTI ON:

This is an enzyme conversion nodel for salicylic acid clearance
simultaneously fitting three i ndependent data sets using shared
par anet ers.

The initial concentrations of salicylic acid range over al nbst two
orders of

magni t ude.
konl- > kof f 2-> G- >
LSA+LE<- - - - - > LSAE <----- > LE+LP----- > (Low Dose)
<-koff1l <-kon2
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konl-> kof f 2- > Gop- >

MBA+ME<- - - - - > MBAE <----- > ME+MP- - - - - > (M d Dose)
<-koff1l <-kon2
konl- > kof f 2- > G- >

HSA+HE<- - - - - > HSAE <----- > HE+HP- - - - - > (H Dose)
<-koff1l <-kon2

kof f 1=KD1*konl kof f 2=KD2*kon1l

where LSA, MSA, and HSA are Salicylic Acid concentrations,

HE, ME, and HE are the free enzynme concentrati ons,

LSAE, MSAE, and HSAE are salicylic acid-enzynme conpl ex concentrations,
and

LP, MP, and HP are the product concentrations.

The paraneters konl, koff2, koffl, kon2, Gp, and the total anount of
enzyne
are the sane for all three nodels.

KEY WORDS:

aspirin, salicylic acid, enzyne, clearance, covariance, confidence
limts,

optim zation, Data, Tutorial
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