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— Numerical solution of equilibrium equations
Objectives
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The target mediated drug disposition (TMDD) model [1] has been adopted to describe pharmacokinetics for two
drugs competing for the same receptor. A rapid binding assumption introduces total receptor and total drug
concentrations while free drug concentrations C, and Cg are calculated from the equilibrium (Gaddum) equations
[2]. The Gaddum equations are polynomials in C, and Cg of second degree that have explicit solutions involving
complex numbers. The aim of this study was to develop numerical methods to solve the rapid binding TMDD dC. K_CP. F—C F(RP
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model for two drugs competing for the same receptor that can be implemented in pharmacokinetic software. =

The real roots of the cubic equation are found by the bisection method applied to the function f(z).
Differential solution of equilibrium equations

B CPAtot - CPBtot) T KDACBCPAtot B KDBCACPBtOt

ot

ptE

ATB v \ ) T T T T
0 200 400 800 200

/ Endosomal Compartment \ K et
ku 15000 -

200

dt EF + FC, + EC,
Methods dC, _ KpeCPeiot E — CoE(RRy —CPyyy = CPaot) + KpgCuCPeiyt = KpaCrCPh
dt EF + FC, + EC,
The target mediated drug disposition model (TMDD) for two drugs two molecular species (C, and Cg) competitively
bind to the same receptor (R) is shown in Fig. 1. E=R, -~C, ~Co +C,+C,+K,,
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elA Example 1: Exogenous and endogenous 1gG competing for FCRn receptor
k int& i i Lo
syn Konn RCa _ 5 A previously published model by Hansen et al. [3] has been adopted to account for the competitive
InA(t) 3 Ca / Interaction between endogenous IgG (A) and exogenous IgG (B) and FcRn receptor.
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Fig. 1. Schematic representation of TMDD model. Free drugs in the central compartment (C, and Cg) bind to the free receptor (R) at the second-order rate (K, p s
and k,.g) to form drug-receptor complexes (RC, and RCg). The drug-receptor complexes (RC, and RCg) can either be dissociated at the first-order rate (K,sa <
and K, qg) Or be internalized and degraded at the first-order rate (k;.,and k;.g). Free drugs (C, and Cg) can also be removed from the central compartment by deeg Koo T 14800 -
the first-order elimination process (k.5 and kqg) or be distributed to the tissue compartment at the first-order rate (ki,a, Kips, Kyar Kyig)- Free receptors (R) are ko c ‘fka_gﬁ.-»-'} RC, > g
synthesized at the zero-order rate (k) and degraded at the first-order rate (kyg). The input rates InA(t) and InB(t) can account for any process (zero-order EA + R e"‘ﬁr’ 8 son .
infusion, first-order absorption, etc.) except for intravenous (1) bolus that may require additional model components. . Kup K <
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d c Fig. 2. This model is based on the protection of IgG catabolism by the FcRn Fig. 3. Endogenous IgG plasma concentration profiles
. receptor. IgGs in the blood central compartment (C,, Cg) are taken up into  (upper panel) and exogeneous plasma concentration
ATA — kptAVCC AT ktpA ATA AT A (O) _ kptAVcCAo / ktpA endosomal compartment by fluid phase endocytosis, represented by a first-order  profiles (lower panel) after administration of 10 mg/kg
dt process (k,,). Once inside the endosome, free 19Gs (Cga, Cgg) can bind to FCRn  (6.67 nmole/kg) exogenous 1gG the equilibrium
D receptor to form 1gG/receptor complexes (RCgy, RCeg). Bound IgGs are recycled  dissociation constant Kpz = Kpa, 0.1Kp,, and 0.01K 4.
dc 0S€p : . e ‘DB Bakel _
Btot __ | t K K C K v, K C C CBtot (0) — + CBtotO and returned to the central compartment by a first-order process kre_t, while  The equilibrium equations were solved using differential
dt = nB( )—( el T Koig ) 8 T Kps Arg IV, — intB( Btot ~ B ) A unbound 19Gs (Cea, Ceg) proceed to the lysosomes and undergo degradation by a  equations implemented in ADAPT 5 (BMSR, USC LA).
first-order process Kgeg. The parameter values were Ky, = k,, = 1.03 day?, Kge, =
0.43 day?, R, = 1.22 nM, V. = V. = 66.9 mLkg?, C, =
dA = kptBVCCB — kth A A (0) = kptBVCCBO / kth 14700 nM, Kt;tA: 4.8 nM InA:: 108 nMh-L "
dt Example 2: Recombinant human EPO analogue and endogenous EPO competing for EPOR
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ot _ Keyn — Keeg Riot = (Kinga = Kaeg J(Caor =Ca )= (Kines = Keg )(Cirt —Cs ) R..(0)=R_, A previously published TMDD model for EPO by Woo et al. [4] was adopted and competitive interaction
dt between endogenous EPO and exogenous ESA was further introduced. The model structure is presented in
In Fig. 1 with In,(t) = kepg representing the zero-order production rate for the endogenous EPO, and Ing(t
Equilibri : _ A EPO _ B
quilibrium equations: = 0. Darbepoetin (DA) was employed as exogenous ESA in the model. The endogenous EPO (C,) and

(Rt =Cawt =Chriot TCA+Ce)CL =Kpa(Cprot =Ca) (R, —Caut ~Cait +Ca+Cs)Cs =Kps(Cpo —Cs)  exogenous DA (Cg) competitively bind to the EPOR (R), forming drug-receptor complexes (RC, and RC).

The drug-receptor complexes are internalized through the same first-order process ki = Kiia = Kins-
Baseline conditions:
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Gaddum equations:
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Fig. 4. Simulated concentration-time protiles tor escalating 1V bolus doses (0.1, 0.02, 0.002 nmol/kg) ot darbepoetin (DA). Leit panel: concentration-
time profiles of endogenous EPO. Dash-dot line represents the baseline EPO level. Middle panel: concentration-time profiles of darbepoetin. Right
panel: concentration-time profile of the sum of DA and EPO. Solid lines represent these profiles when kg, = 0.00043 nM h-t. Dashed lines represent
these profiles when kgpq = 0. Other parameters for simulation were V= 47.0mL kg, k, 5 0.095 h't, k4 = 0.036 h, k= 0.222 h't, k., = 0.897 ht,
Kpa= 0.0123 nM, R, = 0.0162 nM, C,,= 0.00343 nM, k5= 0.0413 h, kg = 0.0047h", ky,p = 0.0067 h?, Kpg = 0.053 nM. Equilibrium equations
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Algebraic solution of equilibrium equations

C = CAtot K DA C CBtOt KDB were solved using the bisection method in Phoenix WinNonlin 6.0 (Pharsight Corporation, Cary, NC).
AT B — i
Koa + Rt (1-2) Kos + R (1—2) Conclusions
O0<z<a,tag andz<1 » The explicit solutions to the equilibrium equations employ complex numbers, which cannot be easily solved
by pharmacokinetic software.
C
a, = C hto dg = RBtOt Ky = Koa kg = Kog  Both the bisection method and differential equations method of solving the equilibrium equations are readily
Rt tot Riot Riot Implementable in pharmacokinetic software.
KoaKpg Koa = Kpg e Ignoring endogenous hormones competing for the same receptor might lead to inadequate model predictions

for lower concentrations as well as biased parameter estimates.
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