Physiologically Based Pharmacokinetic (PBPK) Modeling of Rifampicin and
Its Application for Drug-Drug Interaction with Midazolam in Adults
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PURPOSE Figure 2 : Goodness of Fit Plot: Comparison of Predicted versus
leamp|C|n (R”:) IS an essential part of tuberculosis therapy RESULT(S) Observed DDI AUCO s ratlo for Mldazolam admlnlstered alone and
and the pharmacokinetics (PK) of RIF has been of interest due _ _ ith RIE 114 — 19]
to its non-linear and auto-induction behavior. RIF acts as a Table 1: Key Enzyme and Transporter Kinetic parameters for RIF Table 3: Model Development and Validation: Comparison of Wi [14 - 19]
' NI - ' ' I ® Qi I . . . - ccuracy - Rifampicin (Midazolam
?Sgit)r?fgrin(éiﬁgf gggl(i:r?rl:?;)i;iecﬁvgmn%zglsr#\?et:tgiaclcnons used in GastroPlus® Simulations Simulated and Observed PK Parameters of Rifampicin after (IV) - P! Accuracy - Rifampicin (Midazolam)
enzymes and transporters ; - - v : and (PO) Administration in Healthy Subjects and Patients with
; nzyme/Transporter alue Reference :
2 1.00
OBJECTIVE(S) CYP SA4in vitro Kp,, 16.2 M (13.3 mg/mL) [1] —2-Fold
The purpose was to develop a mechanistic PBPK model for . _ VASEIUFRCIE  Cmax (ug/mlL) 6.41 [11] 3 — Guest Limits
. . CYP 3A4V 0.171 nmol/min/mg Prot. Fitted in 2 —Unit
RIF which accounts for all the relevant mechanisms after e S FI e (ﬁ;iﬁnﬁ) 17'6i 06 5746 2'12 Fowo 9 o
Intravenous (V) and oral (PO) administration in healthy and : ' °
) . . . . UGT 1A3 K., 1.62 uM Fitted - .
tuberculosis (TB) subjects. This model was first validated e - 'V'nf§5h()r;n g CAu(cggo-/-r?L) 50 4|\1|LA21 6 597'7515 1N1A4 -
against single and multiple RIF dosing studies and further UGT 1A3 Vax 0.048 nmol/min/mg Prot. Fitted (ug_h;n;,L)) T | | 0.1
validation using sensitive CYP3A4 substrate Midazolam (MDZ) Y e = oy NA X NA 1 - " obs. AUCRatio :
simulating the effect of RIF on MDZ PK. Additional Linear unbound 20 L/h Fitted o mgtor max (Ug -m ) : [11]
CL. (Liver) 3 hrs AUC(©-in 64.1+14.2 78.88 1.23 Correlation of predicted and observed drug-drug interaction (DDI) ratios for maximum plasma concentration
OATP]_Bmlt invitro K 15406 |J|\/| [3] (hg.h/mL) (Cmax) and area under the plasma concentration-time curve (AUC) of all the studies. Fig 1 illustrates the DDI
, -J L V. Cmax ratios and Fig 2 illustrates the DDI AUC ratios of Rifampicin- Midazolam DDIs. The straight green line
METHOD(S) mru 600 mg, IR tablet Cn:a(ct:l(go(r:L) ;gg f 2792 %éég 83491 [12] marks the line of identity. The red lines indicate 2-fold acceptance limits. The curved black lines show the
The PBPKPIus™ module in GastroPlus ® v.9.8.2 was used to , _ , . N M8 A : : prediction success limits suggested by Guest et. al (Guest EJ. Et al., DMD. (2011) 39 :170)
odelihel Ko RIERIhe Advanced C ompartmentalt Ab=oroiion OATP1B1 In VItro Vi,ay 9.3 £ 1.3 pmol/min/mg Prot. [3] (hg.h/mL) Note: Several studies did not report C,,., values before and after the RIF treatment.
and Transit (ACATT'V;) model was used to Izlescribe the i RAF Factor for OATP1B1 0.28 Fitted AL © o) . SoLe o 3
: 60min Day1 AUC (0-inf) 108.7 + 31.4 101.8 0.94
Intestinal dissolution, absorption, and metabolism of RIF after (Mg.h/mL) CONCLUSION(S)
PO administration. Human physiologies were generated by the MRP2 in vitro K,,, 0.87 pM Assume the MRP2 K, IS IV inf 600mg for Bl R(TlN NA 31.8 NA [13]* This work aimed to develop a RIF PBPK model and demonstrate the use of
program’s internal Population Estimates for Age-Related | equal to the In vitro K value 60min, Day22 AUC(0inn) 69.9+28.5 65.25 0.93 GastroPlus PBPK approach to predict the potential DDI interactions between
(PEAR™) physiology™ module. Tissue/plasma partition MRP2 Vax 13.15 pmol/min/mg MRP2* Fitted (Mg.h/mL) RIF and MDZ. The overall results presented in Figures 1 & 2 show that the
coefficients (Kps) for all the compounds were calculated using S mg,ZPO DEY C”:t) ((‘:*(9/ ”;L) 116§A2 — ég';i ON7A5 Bl model accurately predicts the interaction effect of RIF for both IV and PO
. : ... 0-in T : : : .
the Lukacova algorithm based on tissue composition along o MDZ dosage forms. In conclusion, the GastroPlus PBPK approach,
] ] i . . ] ] ] * Used 0.6 mg protein/million cells to convert transporter Vmax values (Mg.h/mL) ] i ] ] ]
with in vitro and in silico physiochemical properties. The Integrating all relevant physicochemical processes, perpetrator mechanisms,
_ _ pny prop _ 600 mg, PO Day Cmax (ug/mL) NA NA NA [13]* . : o . . P - P p :
biopharmaceutical parameters for RIF were obtained from 23 AUC(©0-inf 813+ 24.2 50 37 0.62 and physiological detalls is a highly reliable utility to estimate the potential of
literature or predicted by ADMET Predictor® v10.2. Steady- Table 2 : Induction and Inhibition parameters of Enzymes and (hg-h/mL) DUIs.
state volumte of ?lft{}zuuog (\LdSS)'Wa&:[’had:UStgd t(|) mi-tc?- I&':/t Transporters for Rifam picin *Experimental Data for Subject 4 (Tuberculosis subjects) ; IR — Immediate release
noncompartmental Vdss by changing the log P value to 1.5 to
calculate the Kp values and then returned to 1.3 for Parameter Value Ref Figure 1 : Goodness of Fit Plot: Comparison of Predicted REFERENCE
simulations. In addition, the in vitro drug permeability from a . 4 DDI ol Peak frati Hio (C ‘
parallel artificial membrane permeability assay (PAMPA) was _ ve.rsus 2 serve. _ PLESINEHE Co_ncen ration ratio (Cpay) for 1. Baneyx G. etal., Eur. J. Pharm. Sci. (2014) 56:1
converted to human jejunal Py and then scaled up by 6.2-fold X I.ndu.ctlon Midazolam administered alone and with RIF [14 — 19] :23 _INdakagc—;w; Pé.tetl alj, T;Eerculosils.E(198Tlg 56(12)(:285; s0a(1)223
. . . . . lrona . al., J. armacol. Xp. erap., .
in order to fit the absorptlon phase [1] The metabolism of RIF CYP SA4in Vitro ECsowta.fep o4 nM [5] _ o . 4. Yoshikado T. et al., CPT Pharmacorget. Sys.pPharmacoI. (2018) 7(11):739
mediated by CYP3A4 was modelled using in vitro K., , and the _ DDI Accuracy - Rifampicin (Midazolam) 5. Asaumi, CPTPharmacometSystPharmacol 2018;7:186
adjusted V.. and the enzyme kinetics were fitted for UGT1A3 "CYP SA4 Emax 15 AL o 6. Moscovitz, JPET 2018;365(2):262
max g . . o 7. Kajosaari, Basic ClinPharmacolToxicol 2005;97:249
[1-2] and the GastroPlus built-in expression levels of both UGT 1A3in vitro EC50;total,Hep 64 nM 5] 8. Takashima, JNuclMed 2012;53:741
enzymes In gut and liver. To account for the deacetylation of , = 9. Dong, BrJ Pharmacol 2018;175;3486
RIF linear systemic clearance of 20 L/h was added to liver. The JGT 1A3 Emax 4.4 - o 100 1(1) Ziﬁeff:;xh;z;j i’g‘?;”;?f’g'ff“ A0S(70)
hepatic uptake of RIF mediated by OATP1B1 was modeled UGT 2B7 in vitro ECso,total,Hep 64 nM 5] 5 ol 12.Peloquin, Antimicrob Agents Chemother 1997:41(12)
using in vitro K, and V.., obtained from literature and a fitted UGT 2B7 Emax 4.2 = g Cuect Limite ﬁ-t‘;"s’ K”r:“’(":?cginscm1‘1??63%?&172:(2) -
. . : : ] ) — imi .Kharasch, ClinPharmacolTher : :
relative actlv!ty factor (RAF). of 0.28 [3]. RIF is also a substrate O ) — Unity 15.Backman, Clin Pharmacol Ther 1996:59(1)
for the hepatic and renal apical efflux transporter MRP2 [4]. ) | - B 010 © Cmax Ratio 16.Link B, Br J Clin Pharmacol 2008;66(4):473
The enzyme and transporter K, and V,,, values used in the CYP A4 Kiv 18.5 M I - oKL ;g‘ffg;g;'fgfg AURERTE LT
final RIF model are summarized in Table 1. The DDI module in *OATP1B1 Kiu 0.62 uM 8 19:Chu3r:’g’ Clin Pharmacol Ther 2006:79(4):350
GastroPlus was used to predict the autoinduction and inhibition *MRP2 Kiu 0.87 UM A
. : . ’ - L 0.01
of RIF and its effect on midazolam PK for varying doses of RIF | 0.01 0.1 ) 10
and MDZ and administration times [13 — 19]. Table 1 presents IR st LIS [ [10] Obs. Cmax Ratio
the in vitro and the fitted enzyme and transporter kinetic | o o . S S + S - I - P I
_ _ o * Parameters important for the auto-induction and inhibition behavior of Rifampicin
parameters. Table 2 presents the induction and inhibition - ’ ‘ , ' u a t’ O n S u s
parameters of enzymes and transporters for RIF.

SCIENCE + S5OF TWARE =5UCCESS




