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Plasma protein binding mediated DDI:
A mathematical model is used to characterize

drugs as potential displacers
Hinnerk Boriss’, Oliver von Richter? Robert Hermann?, Joachim Maus*

1) Sovicell GmbH, Deutscher Platz 5b, 04103 Leipzig, Germany, hbo@sovicell.com, 2) Merck Serono GmbH, 3) cr.appliance, 4) Meda Pharma GmbH

SOVICELL

Introduction Conclusion
A clinically relevant drug-drug interaction occurs when the effectiveness or ds, ® Plasma protein binding mediated drug-drug interation can only occur when
tOXiCity of one medication is altered by the administration of another drug. _dt — muPlSl — kll - Sl - Pl + Mo - Sl — k21 - Sl - PZ Specia| conditions are met (Cf Table 3 and Figure 3):
Displacement of drugs from binding to plasma proteins can result in increased . L , .
: : . : * Binding of potential displacer and displaced compound to alumin is weak
free concentrations of the displaced drug. This in turn increases the exposure and dS, B
thus potential toxic effects at dosages that would otherwise be regarded as safe. de MpP1S; —KipSp Py +Mpp - S1 — Kap - Sz P * Binding of potential displacer and displaced compound to AGP,
The present work assesses specific binding properties of drugs which can lead to Ip. ¢ lipoproteins, or sex hormone binding protein is strong
drug-drug interactions mediated by displacement form plasma protein binding. 1-1
J J yanp P P J T K11 " Py S —myq - P15y ®  Flupitrine binds weakly to albumin, but not at all to AGP and thus cannot act
Ip. < as a displacer
192
Abstract ey =k, Py -S,—my, PS5, * Experiemental data confirm that flupirtine doesn’t displace diazeam (Table 1)
or warfarin (Table 2) from plasma
A differential equation model which describes the competitive binding of two dP,S; — ki P S, —m, - P.S
ligands to two proteins each with a single binding site was constructed and dt el f2 =l a terd
analyzed. The model illustrated that only compounds with weak albumin binding AP. S Mode"ing Results
(Kp=10") and strong AGP binding (Kp<107°) can displace other compounds to a d2 2 = kyy - Py-Sy —moy - P S,
nr:)tlceabljdelgree bﬁ: ato:east c;loubllr;g thellro.fr(ef fraction. Howsver, compc?unolls Tab. 3: Summary of displacement simulation outcomes from different combina-
that can displace OF €r drugs from plasma Dinding can exert this potential only dPy _ _ _ B D .o D . tions of binding characteristics of displaces and potentially displaced
P,S P,S; — ki *P,-S;—ky,-P,-S Y
when the drug being potentially displaced is likewise bound only weakly to At My1 " F191 T Myp " F197 11 "1 721 12 "1 792 drugs (victim)
albumin and strongly to AGP. If not all of these criteria are met at the same time, J '
displacement is impossible at pharmacologically relevant drug concentrations. P, HSA binding AGP bindin
v y : : : —_— = . - — - P, -5, — - P, - C . o : ng Displ
= Flupirtine has been previously reported as a potent displacer of diazepam and dt Moy PpS1+ Maa * PoSy — Koy " P51 — Koy " Pr* 57 P | displacervictim | displacer/victim spracement
warfarin. While new experimental data cannot confirm historical data, we show | weak/weak weak/weak none
that the drug fulfills only one of the two essential criteria for plasma displacing Fig. 2: Set of differential equations used to implement to model for simulation I weak/strong weak/weak none
drugs. Flupirtine binds only weakly to albumin, however, it exhibits no measureable drug displacement. Ligand one is denoted by S, (denoted drug A in results il strong/weak weak/weak fone
affinity to AGP. Hence, the theoretical assessment of plasma displacement confirms section), ligand two is denoted by S, (denoted drug B in results section). v ctrona/stron eak/weak e
recent experimental results. HSA without ligand is denoted as P; and AGP without ligand is denoted P-. ¥ ?
HSA with ligand S; bound is denoted P;S;, AGP with ligand S bound is de- v weak/weak strong/strong yes
g 1 121 g 1
noted P,S;, HSA with ligand S, bound is denoted P4S,, AGP with ligand S, Vit weak/weak strong/weak none
Model bound is denoted P,S,. Vili weak/weak weak/strong none
To characterize compound properties influencing plasma displacement a A A 1
simulation model was constructed that describes the binding of two ligands with : o
different properties to two proteins with one binding site each that can bind Experlmental RESUItS o 115
either Ilgar)d such that the Ilgands.c.ompete for b'”d.'ng at th? bl.ndlng sites on Tab. 1: Summary of dialysis experiments with diazepam in human plasma and in- ‘E. o
both.protem.s.The coqceptual deﬁn|t|o.n ofthe.model 15 shown In Figure 1. The set creasing concentrations of flupritine showing that the fraction unbound is 2
of differential equations that describes this model is shown in Figure 2. independent of flupirtine. =
Mathematica was used to analyze the model’s properties. = 10
incubation flupirtine . E
PZS‘| PZSZ compound name time conc. analytical recoovery 1.00 ks x x - . .
K, . [h] [uM] method [%] 0.00 0.01 0.1 1 10 100
m,) m,, Diazepam 4 00  LC-MS/MS 8.1 +0.22 100.0 one emp A& il
p Diazepam 4 5.0 LC-MS/MS 7.8 £0.45 100.0 °) m 20
2 Diazepam 4 250  LC-MS/MS 8.5 + 0.74 100.0 g
© 15}
51 + + 52 2
§ 10 }
P1 Tab. 2: Summary of dialysis experiments with warafrin in human plasma and in- = ;
K K12 creasing concentrations of flupritine showing that the fraction unbound is ‘§ |
m,;,  m, independent of flupirtine. -
P S P S 0.001 0.1 0.1 1 10 100
121 122 incubation flupirtine . conc cmp A [uM]
. . . compound name time conc. analytical recovery . . . . .
Fig. 1: Definition of the competitive binding model. Plasma proteins P; (=HSA) [h] M) method [%] Fig. 3: Fold-change of the free fraction of the displaced drug in response to in-

and P, (=AGP) each have a single binding site that can either bind ligand Warfarin . 00 L CMS/MS 5.6 + 0.74 100.0 creasing the displacer concentration. A) HSA and AGP binding of both dis-
(drug) S; (flupirtine) or S, (test drug). The on-rates are denoted by k;; while ' T ' placer and victim drug strong; B) HSA binding of displacer and victim drug

Warfari 4 5.0 LC-MS/MS 8.4 +1.72 100.0 . : -
the off-rates are denoted by m;;. ararin weak and AGP binding of displacer and victim drug strong.
Warfarin 4 250  LC-MS/MS 6.9 +0.71 100.0
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