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Quantitative prediction of first pass metabolism and drug-drug
interactions for orally administered drugs
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The present study aimed to establish a model to quantitatively predict the drug-drug
interactions for orally administered CYP3A substrates. Alprazolam (ALP) and triazolam
(TRZ) were used as CYP3A substrates, and ritonavir (RIT) and erythromycin (ERY) were
used as as CYP3A inhibitors. Metabolic and inhibition parameters of those drugs were
obtained in in vitro studies. Transfer parameters in the intestinal epithelial cells were also
estimated in vitro. The obtained parameters were incorporated into an ITAM-PK model to
predict the interactions between ALP and RIT, ALP and ERY, TRZ and RIT, and TRZ and
ERY.

2009 1,900,000 570,000 2,470,000
2010 1,700,000 510,000 2,210,000
2011 100,000 30,000 130,000
3,700,000 1,110,000 4,810,000

P450 CYP

3A4 CYP3A4



CYP 80
CYP3A4

ITAM (Intestinal transit, absorption
and metabolism)

in vitro
K. Ito et a., Drug
Metab. Dispos. 31(7): 945-954 2003

CYP3A
CYP3A

CYP3A
ALP
TRZ CYP3A
HIV
(RIT)

ERY RIT ERY
mechanism-based inhibitor
CYP3A
CYP3A

in vitro CYP3A

CYP3A
in vitro
Caco-2
CYP3A

ITAM
ITAM-PK  ITAM based

pharmacokinetic

CYP3A
CYP3A4

Narawa T, Itoh T. Stereoselective transport of
amethopterin enantiomers by the proton-coupled
folate transporter. Drug Metab. Pharmacokinet.
25:283-289 2010.

26(4)
297-306 2010.

26(6) 425-433 2010.



Jinno F, Takeuchi T, Tagawa Y, Kondo T, Itoh T
and Asahi S. Differences in the pharmacokinetics
of 4-amino-3-chlorophenyl hydrogen sulfate, a
metabolite of Resatorvid, in rats and dogs. Drug
Metab. Disp. 40:648-654, 2012.

11
PAMPA
130 2010.3.28 [
130 4 p.210 2010.3]
130 2010.3.28 [
130 4 p.210 2010.3]
in vitro
130 2010.3.28 [
130 4 p.211 2010.3]
PAMPA
130 2010.3.28 [
130 4 p.210 2010.3]
130 2010.3.28 [
130 4 p.210 2010.3]
in vitro
130 2010.3.28 [
130 4 p.211 2010.3]
25 2010.10 [
25 p.152 2010]
CYP3A4 25
2010.10 [
25 p.210 2010]
131
2011.3.29 [ 131 4
p.218 2011.3]
Ritonavir

CYP3A4

131 2011.3.29
[ 131 4 p.223 2011.3]
ITAM-PK
132
2012.3.31 [ 132
4 p.310 2012.3]
2 P.4-51
20
NPO
2009.6.18
1
P.5-16
2010.3
2 3
P.3-110
21 NPO
2010.6.10
- 2 3
P.3-77 22
NPO
2011.6.23
(@]
(@]
€))
ITOH TOMOO
30223168
@
(©)



in vitro
Caco-2

in vitro

in vitro
ITAM Intestinal transit,

absorption and metabolism

ITAM-PK
ITAM-based pharmacokinetic
CYP3A4
CYP3A4 alprazolam (ALP)

triazolam (TRZ) CYP3A4

ritonavir (RIT) erythromycin (ERY)
3-1 ALP RIT
(Greenblatt et al.,2000)
(Cmax) (AUC) AUC
AUC ALP Rs
AUCratio — AUCSJbstratethibitor Eq.(l)
AU Cmbarate+ placebo
3-2 TRZ RIT
(Clum-Merdek et al.,2006)
Cmax AUC AUC in vivo
Crmax AUC TRZ
3-3 ALP ERY

(Yasui et al., 1996)

AUC in vivo

%‘O

Fig.1 ITAM-PK model for drug-drug inetraction

(Egq.1) invivo
Crmax

Rs

Cmax AUC



Crmax AUC ALP Re

3-4 TRZ ERY
(Clum-Merdek et al.,2006)
Cmax AUC AUC invivo
Cmax AUC TRZ Rs
MBI Kobs  ( ) RIT ERY
MBI RIT 0.52 min-t
0.66 mint ERY 0.0016 min-t
0.0022 min+1 ERY RIT mechanism-based inhibitor
Kobs CYP RIT
30 0.6 ERY
65 50 CYP
CYP
MBI ITAM-PK model MBI
MBI
MBI
ITAM-PK model MBI
MBI( ) MBI( )
(Cmax:
Tmax: AUC: - AUC
AUC ) ERY MBI( )
MBI RIT
RIT AUC ALP RIT
AUC MBI( ) MBI( ) 1/5 TRZ
MBI( ) MBI( ) 13 RIT MBI(+) 1.7 MBI( )
1/3 RIT AUC  MBI( ) MBI( )
MBI( ) MBI( )
MBI

RIT ALP AUC MBI( ) 588  MBI( ) 5.63



AUC 2.47 2.5

TRZ RIT
0.44 0.73
in vivo
et al., 1986) TRZ 0.5mg

RIT in vivo
AUC 22.5ng h/mL

(Clum-Merdek et al.,2006)

ALP AUC

AUC CYP

AUC

TRZ Cmax AUC
TRZ

TRZ ERY invivo (Phillip
AUC 125ng h/mL TRz
TRZ 0.5mg

ALP ERY invivo

(Yasui et al.,1996) ALP 1mg AUC 244 ng h/mL
ALP RIT invivo (Greenblatt wt al.,2003) ALP 1mg
AUC 207 ng h/mL 1.2
TRZ RIT ALP ERY TRZ ERY AUC
ALP RIT AUC
MBI
RIT
CYP
CYP3A4
ITAM-PK
model
ALP RIT ALP
ALP

ALP RIT



