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Purpose. To assessthe degree to which the maximum unbound concen-
tration of inhibitor at the inlet to the liver (lineumax), Used in the
prediction of drug-drug interactions, overestimates the unbound con-
centration in the liver.

Methods. The estimated value of liyeumsx Was compared with the
unbound concentrations in systemic blood, liver, and inlet to the liver,
obtained in a simulation study based on a physiological flow model.
Asan exampl e, atolbutamide/sulfaphenazol e interaction was predicted
teking the plasma concentration profile of the inhibitor into
consideration.

Results. The value of |;ye umax differed from the concentration in each
compartment, depending on the intrinsic metabolic clearance in the
liver, first-order absorption rate constant, non-hepatic clearance and
liver-to-blood concentration ratio (Kp) of the inhibitor. The AUC of
tolbutamide was predicted to increase 4-fold when co-administered
with sulfaphenazole, which agreed well with in vivo observations and
was comparable with the predictions based on afixed value of Iyt i, max-
The blood concentration of tolbutamide was predicted to increase when
it was co-administered with as little as 1/100 of the clinical dose
of sulfaphenazole.

Conclusions. Although linetumax OvVerestimated the unbound concen-
tration in the liver, the tolbutamide/sulfaphenazole interaction could
be successfully predicted by using afixed value of iyt umax, indicating
that the unbound concentration of sulfaphenazole in the liver after its
clinical doseis by far larger than the concentration to inhibit CY P2C9-
mediated metabolism and that care should be taken when it is co-
administered with drugs that are substrates of CY P2C9.

KEY WORDS: drug interaction; prediction; physiologically-based
pharmacokinetics; tolbutamide, sulfaphenazole.

INTRODUCTION

The possible sites of drug-drug interactions which can
change pharmacokinetic profiles include: (1) gastrointestinal
absorption, (2) plasmaand/or tissue protein binding, (3) carrier-
mediated transport across plasmamembranes (including hepatic
or renal uptakeand biliary or urinary secretion), and (4) metabo-
lism. Drug-drug interactions caused by inhibition of metabolic

1 Graduate School of Pharmaceutical Sciences, University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan.

2 School of Pharmaceutical Sciences, Kitasato University, 5-9-1 Shiro-
kane, Minato-ku, Tokyo 108-8641, Japan.

2 To whom correspondence should be addressed. (e-mail: sugiyama@
seizai.f.u-tokyo.ac.jp)

0724-8741/00/0300-0336$18.00/0 © 2000 Plenum Publishing Corporation

Research Paper

enzymes are clinicaly the most common and are particularly
important. We have proposed the following methodology to
quantitatively predict such drug-drug interactions in vivo from
in vitro data (1,2).

In clinical situations, the substrate concentration is usually
much lower than Km, and the degree of inhibition (R = AUC(+
inhibitor)/AUC(contral)) is expressed as R = 1 + [u/Ki in
the cases of competitive and non-competitive inhibition of the
enzyme, where lu represents the unbound concentration in the
liver and Ki represents the inhibition constant of the inhibitor.
In order to avoid afal se negative prediction, dueto underestima-
tion of lu, the plasma unbound concentration at the inlet to the
liver, where the blood flow from the hepatic artery and portal
vein meet, was considered to be the maximum value of lu and
was used for prediction. In vivo drug-drug interactions were
quantitatively predicted by comparing the maximum value of
the unbound concentration at the inlet to the liver (linetumax)
estimated using pharmacokinetic data and the value of Ki
obtained in vitro (1,2). However, because the concentration of
the inhibitor is actually changing with time, predictions using
afixed value of e umex May result in substantial overestima-
tion of the in vivo interactions. In the present work, simulation
studies have been carried out in order to understand to what
degree and under what conditionsthe I e max Mentioned above
overestimates the unbound concentrationsin the liver estimated
from a physiological flow model.

Furthermore, as an example, a case of tolbutamide/sulfa-
phenazole interaction was quantitatively predicted by consider-
ing the concentration profile of sulfaphenazole. Sulfaphenazole
isreported to increase the AUC of tolbutamide, an antidiabetic,
up to 5-fold by inhibiting the CY P2C9-mediated metabolism
of tolbutamide (3). Inhibition of plasma protein binding was
aso taken into consideration in the prediction model because
it is aso reported to be involved in this interaction (4).

METHODS

Evaluation of the Estimation Error of the Inhibitor
Concentration

The pharmacokinetics of theinhibitor after oral administra-
tion was assumed to be characterized by the perfusion model
shown in Fig. 1 and the pharmacokinetic parameters listed in
Table 1. The mass-balance equations for the inhibitor can be
expressed as follows:

Viver * (dljjver/dt) = QN - ligeg — Qh - 1y /Kp

—fb- CLixy - livee/KP QD
Vinet * (dline/dt) = Oh - lgs + Vaps — Qh - ljne (2
Vas = ka- D - Fa - g7kt 3

Vs * (dlgs/dt) = Qh - Ie/Kp — Qh - I
= CLnn - lys 4

where Ve and Vi represent the volume of liver and inlet
to the liver (designated as“inlet”), respectively; Vg, represents
the volume of distribution in the central compartment; |}yer,
linier, aNd I, represent the concentration in the liver, inlet, and
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Fig. 1. Model for estimating the concentration of the inhibitor at the
inlet to the liver after oral administration (line). low |, @nd Imax
represents the inhibitor concentration at the exit of the liver (hepatic
vein side), the inhibitor concentration at the liver capillary, and maxi-
mum inhibitor concentration in the systemic circulation, respectively.
Qa, Qpv and Qh (=Qa + Qpv) represents the blood flow at the hepatic
artery, portal vein, and hepatic vein, respectively.

central compartment, respectively; Qh representsthe blood flow
rate; Kp represents the liver-to-blood concentration ratio; fb
represents the unbound fraction in blood; CL; represents the
intrinsic metabolic clearance; CLyy represents the non-hepatic
clearance; v s represents the absorption velocity; ka represents
the first-order absorption rate constant; and Fa represents the
fraction absorbed from the gastrointestinal tract.

The following assumptions have been made in the above
mass-balance equations:

(1) Theinhibitor is orally administered.

(2) Distribution of theinhibitor intheliver rapidly reaches
equilibrium and the unbound concentration in the hepatic vein
isequal to that in the liver at equilibrium (Well-stirred model).

(3) Gastrointestinal absorption can be described by afirst-
order rate constant.

Using the parameters listed in Table 1, the above differen-
tial equations were numerically solved by STELLA 1l (High
Performance Systems, Inc.) to simulate the concentration pro-
files of the inhibitor in the systemic blood, inlet and liver.

Values of ka, CL;,; and CLyy were changed in the simula-
tion as follows: ka = 0.0003 — 0.1 min~%, CL;y = 3 — 300
mL/min/kg, CLyy = 0.6 — 600 mL/min/kg.

Table 1. Parameters for Simulation in Humans (70 kg)

Inhibitor Physiological parameters
Dose = 1000 p.g/kg Qh = 30 mL/min/kg
Fa=1 Viiver = 40 mL/kg
fb=1 Vgs = 200 mL/kg
ka= 0.03 min* Vine = 1 mL/kg

CL;x = 30 mL/min/kg
CLyy = 2 mL/min/kg
Kp=1

Note: Qh: blood flow rate, Vg, volume of distribution in the central
compartment, Vi« Volume of the inlet to the liver, V,e: volume of
liver, fb: unbound fraction in blood, ka: first-order absorption rate
constant, CL ;. intrinsic metabolic clearance, CLy: non-hepatic clear-
ance, Fa: fraction absorbed from the gastrointestinal tract, Kp: liver-
to-blood concentration ratio.
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The effect of the Kp value of the inhibitor was simulated
by changing the Kp value from 0.2 to 30, assuming either a
change in protein binding in the liver or active transport of
the inhibitor into the liver. In the former case, the unbound
concentration of the inhibitor in the liver is equal to that in the
hepatic vein while, in the latter, the unbound concentration in
theliver is obtained as that in the hepatic vein multiplied by Kp.

On the other hand, according to the model in Fig. 1, the
maximum unbound concentration of the inhibitor at the inlet
to the liver (lipetuma) Was estimated by fb - (Imax+kaD-
Fa/Qh) as described elsewhere (1,2), in which the simulated
maximum concentration in the systemic blood was used as
Imax.

Quantitative Prediction of the Tolbutamide/
Sulfaphenazole Interaction

Using a perfusion model, the differential equations for
tolbutamide and sulfaphenazole can be expressed as follows:

For tolbutamide,

Viver * (dCiiver/dt) = Qh - Ciyg — Qh - Cyver/Kp

—fb- CLint : Cliver/Kp (5)
(Inhibition of metabolism)
_ _ Vmax
CI—int - CLmt,l + CLmt,Z - Km,app ¥ fb . Cliver/Kp
+ CLint,Z (6)
fb(l) - Ciiver(1)/Kp(l
Km.app = Km - (1 1 1o Conl)KR )) -

(Inhibition of plasma protein binding)

1 1
n(Pt)

Kd'@“‘W)*—CU

fb

:R_B‘1+ ®

Cu=

—Kd — n(Pt) + Civa/Kp/Rg + ((Kd + n(Pt) — Cjver/Kp/Rg)? — 4 - Kd - Cyjver/Kp/Rg) "2
2

€)
Vinig * (dCin/dt) = Qh - Cys + Vaps — Qh - Cine (10)
Vas = ka- D - Fa- e k@t (12)
Vs - (dCysl/dt) = Qh - Cjiyer/Kp — Qh - Cys (12
— Clnn - Cys
For sulfaphenazole,

Viver - (dliiver/dt) = Qh - line — Qh - liver/Kp
—fb- CLjn - livee/KP (13)
CLiw = VMmax/(Km + fb - la/Kp)  (14)
Viniet * (dlinie/dt) = Qh - lgys + Vaps — Qh * lige  (15)

Vaps = ka:-D - Fa- e*ka-t (16)
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Vs * (dlgs/dt) = Qh - ljjye/Kp — Qh - Ig

— Clyn - |ws (17)

where Ve and Vi represent the volume of liver and inlet
to theliver, respectively; Vg s represents the volume of distribu-
tion in the central compartment; Ciiver and ljiver represent the
concentrationintheliver; C¢ and I, represent the concentra-
tion at the inlet; Cys and Ig,s represent the concentration in the
central compartment; Qh represents the blood flow rate; Kp
represents the liver-to-blood concentration ratio; fb represents
the unbound fraction in blood; CL;, represents the intrinsic
metabolic clearance; CLyy represents the non-hepatic clear-
ance; CLy, represents the CL;, for CYP2C9 metabolism;
CLin 2 represents the CL;,; for non-CY P2C9 metabolism; Km
represents the Michaelis-Menten constant; Vmax representsthe
maximum rate of metabolism; Ki represents the inhibition con-
stant for metabolism; Rg represents the blood-to-plasma con-
centration ratio; n(Pt) represents the total number of binding
sites; Kd represents the dissociation constant; Ki* represents
the inhibition constant for protein binding; Cu represents the
unbound concentration in plasma; v, represents the absorption
velocity; ka represents the first-order absorption rate constant;
and Fa represents the fraction absorbed from the gastrointesti-
nal tract.

The following assumptions have been made in the above
mass-balance equations for tolbutamide and sulfaphenazole:

(1) The hepatic elimination of both tolbutamide and sulfa-
phenazole can be described by the Michaelis-Menten equation.

(2) The distribution of both tolbutamide and sulfaphena-
zole in the liver rapidly reaches equilibrium and the unbound
concentrations in the hepatic vein are equal to thosein the liver
at equilibrium (Well-stirred model).

(3) Only the unbound form in the liver is involved in
the elimination.

(4) Gastrointestinal absorption can be described by afirst-
order rate constant.

(5) Inhibition of tolbutamide metabolism by sulfaphena-
zole is based on competitive inhibition of metabolism mediated
by CYP2C9 and the contribution of CYP2C9 to tolbutamide
metabolism in the liver under the linear condition is 80% in the
absence of sulfaphenazole (CL;y;1/(CLiny 1 + CLin2) = 0.8) (5).

(6) Tolbutamide binds to a single site on the plasma pro-
tein and this binding is competitively inhibited by
sulfaphenazole.

Pharmacokinetic parameters of tolbutamide and sulfaphe-
nazolewere determined to describewell the blood concentration
profiles after administration of each drug alone (Tables 2 and
3) (3,15). The parameters for inhibition of metabolism and
plasma protein binding used in the simulation are shown in
Table 4.

Using the parameters in Tables 2—4, the above equations
were solved numerically by STELLA 1l to simulate the effect
of sulfaphenazol e co-administration on the concentration profile
of ora tolbutamide (dose: 500 mg). Sulfaphenazole was
assumed to be co-administered orally at doses ranging from
0.5 to 500 mg.

Furthermore, the simulation was a so carried out by fixing
the concentration of sulfaphenazole at the maximum unbound
concentration at the inlet (linetumax), Which was estimated by
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fb- (Imax + ka- D- Fa/Qh). Using the maximum concentration
in the systemic blood obtained by the smulation as Imax, the
values of ljpeumax Were calculated to be 13.1, 1.31, 0.131 and
0.0131 pg/mL after sulfaphenazole doses of 500, 50, 5 and 0.5
mg, respectively.

RESULTS

Evaluation of the Estimation Error of the Inhibitor
Concentration

Effect of CLjn

Figure 2 shows the simulated profiles of the unbound
concentration of the inhibitor in the systemic blood, inlet and
liver. The estimated maximum unbound concentration at the
inlet (linet,umex), Calculated as fb- (Imax + ka- D- Fa/Qh), is
also shown. Although the value of lipeumax Was higher than
the maximum unbound concentration at the inlet obtained by
the simulation, the difference was not very great. The error
tended to be large when the CL;,, value was low, and was 1.6
times when CL;, = 3 or 30 mL/min/kg and 1.3 times when
CLint = 300 mL/min/kg. Furthermore, e umax 81SO Overesti-
mated the unbound concentration in the liver which actually
participated in the inhibition of metabolism. This error tended
to be large when CL;,; value was high, and the error at the
maximum liver concentration was 1.5 times when CL;; = 3
mL/min/kg, 2.6 times when CL;; = 30 mL/min/kg and 11
times when CL;; = 300 mL/min/kg.

Effect of ka, CL;x and CLyy

Figure 3 shows the results of simulation studies changing
the values of ka, CL;,; and CL .

When the ka value was changed, linetumax OVerestimated
the maximum unbound concentration at the inlet obtained by
the simulation, but both concentrations were closer when ka
value became smaller (<0.001 min~Y). The error tended to
increase with an increase in ka value, reaching a maximum of
1.6 times when ka = 0.1 min~1. Furthermore, liyeyma alSO
overestimated the maximum unbound concentration in the liver.
This error aso tended to increase with an increase in the ka
value, reaching amaximum of 2.9 timeswhen ka = 0.1 min—.

When the CL;, value was changed, as described above,
linetumax OvVerestimated the maximum unbound concentration
at the inlet obtained by the simulation and the error tended to
increase as the CL;,, value fell, the maximum error being 1.6
times. Furthermore, linetumax @S0 overestimated the maximum
unbound concentration in the liver and the error increased as
the CL;,; value increased, the maximum error being 11 times.

When the CLyy value was changed, liyetumax OvVeresti-
mated the maximum unbound concentration at theinlet obtained
by the ssmulation and the error increased as the CLyy value
fell, the maximum error being 1.6 times. Furthermore, linet umax
also overestimated the maximum unbound concentration in the
liver and the error tended to increase as the CLyy value fdll,
the maximum error being 2.6 times.

Effect of Kp

The Kp value was changed from 0.2 to 30 assuming a
change in protein binding in the liver (Fig. 4 left) or active
transport into the liver (Fig. 4 right).
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Table 2. Pharmacokinetic Parameters of Tolbutamide

Ref.
Fa 0.93 BA = Fa (because of low clearance) (6)
fb 0.13 calculated from Rg = 0.71 (rabbit), fu? = 0.093 (7),(8)
Kp 0.184 in rabbits @
Viver 2800 mL
Vine 70 mL
Qh 1610 mL/min 9-(11)
CLiny 109 mL/min calculated from CL 4 = 14.2 mL/min = fb X CL;, 3
Clines 87.2 mL/min CLix X 0.8 (5)
CLint2 21.8 mL/min CLjx X 0.2 5)
Km 32.4 pg/mL 12)
V max 2820 pg/min calculated from Km X CLjy
ka 0.00866/min calculated from Tmax = 4 hr, kel = 0.0952/hr~1° 3)
Vs 6600 mL calculated using eq. (5)—(6) and (10)—(12) to fit the reported blood concentration (3).
CLyn 0 mL/min (13
a Fu represents the unbound fraction in plasma.
b Calculated from Tmax = In(ka/kel)/(ka—Kkel).

Table 3. Pharmacokinetic Parameters of Sulfaphenazole

Ref.
Fa 0.85 (14)
fb 0.32 (14)
Kp 1 assumed
Viiver 2800 mL
Vinet 70 mL
Qh 1610 mL/min (9—-(12)
ka 0.0303/min calculated from Tmax = 2 hr, kel = 0.0533/hr~12 (15)
CLint 30 mL/min calculated using eg. (13)—(17) to fit the reported blood concentration (15).
Vs 4800 mL calculated using eg. (13)—(17) to fit the reported blood concentration (15).
CLyn 0 mL/min (15)

a Calculated from Tmax = In(kalkel)/(ka—kel).

When the change in Kp value was due to a change in
protein binding in the liver, liyeuma Overestimated the maxi-
mum unbound concentration at theinlet obtained by the simula-
tion and the error remained almost constant over the range
15-1.7 times, independent of the Kp value. Furthermore,
liniet.umax 8 SO Overestimated the maximum unbound concentra-
tion in the liver and the error increased dlightly as the Kp value
fell, the maximum error being 4.3 times.

When the change in Kp value was due to active transport
into the liver, ligeuma Overestimated the maximum unbound

Table 4. Parametersfor Inhibition of Metabolism and Protein Binding

Ref.
Inhibition of metabolism
Ki 0.0314 pg/mL (12)
Inhibition of protein binding
Kd 81 pg/mL in rats 4
Rs 0.71 in rabbits 4
Ki* 102 pg/mL in rats 4
n(Pt) 800 wg/mL calculated using eg. (5)—(12) and

fb = 0.13.

concentration at the inlet obtained by the smulation and the
error increased as the Kp value fell, the maximum error being
1.6times. In addition, ljne;,umax & SO OVerestimated the maximum
unbound concentration in the liver and the error increased as
the Kp value fell, the maximum error being 7.5 times.

Quantitative Prediction of the Tolbutamide/
Sulfaphenazole Interaction

Figure5 showsthe simulated time-profilesof 1u/Ki follow-
ing oral administration of sulfaphenazole. Using the ssimulated
unbound concentration at the inlet to the liver as lu, the value
of IWKi remained as high as about 10 even at 50 hr (ca 7
ty, of tolbutamide) after administration of 500 mg sulfaphena-
zole (Fig. 5(A)), while the corresponding value after 0.5 mg
administration declined to about 0.01 (Fig. 5(D)). Similar pro-
files were obtained when the unbound concentration in the
systemic blood or that in the liver was used as lu (data not
shown).

The simulated and the reported concentration profiles of
tolbutamide after co-administration with sulfaphenazole (dose:
500 mg) are shown in Figs. 6(B) and 6(A), respectively. A 5.3
foldincreasein both the AUC after oral administration (AUC,,)
and the elimination half-life (ty,) of tolbutamide has been
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Fig. 2. Simulation of the concentration profiles of an inhibitor based on a physiologica flow model

(Fig. 1). ——: unbound concentration in the systemic blood, ----- : unbound concentration at the inlet
to the liver, ——-: unbound concentration in the liver. The basic parameters used in the smulation are
listed in Table 1.

observed on co-administration of sulfaphenazole (Fig. 6(A))
(3). In the simulation study, the AUC,, and ty, of tolbutamide
was predicted to increase 4.1 and 4.4 times, respectively, using
thefixed val ue of maximum unbound concentration of sulfaphe-
nazole at the inlet (Iipetumax). Considering the concentration
profile of sulfaphenazole, the predicted increase was 4.2 and
4.6 times, respectively, which was comparable with the in vivo
observations. Thus, the estimated concentration profile of tolbu-
tamide, fixing the concentration of sulfaphenazole &t I;yet max:
was almost same as that taking into account the concentration
profile of sulfaphenazole.

When the dose of sulfaphenazole was changed, the esti-
mated concentration of tolbutamide fixing the concentration
of sulfaphenazole at ey max Slightly overestimated the value
considering the concentration profile of sulfaphenazole (Fig.
6(C)—(E)). When the dose of sulfaphenazole was low, a clear
difference was observed after 15 hr post-administration, when
the blood concentration of sulfaphenazole had declined. Even
when the dose of sulfaphenazole was reduced by a factor of
100to 5mg, the AUC,, of tolbutamide was predicted toincrease

2.6 times using afixed concentration of sulfaphenazole and 1.7
times considering the concentration profile of sulfaphenazole.

DISCUSSION

As multiple drug therapy is now widely used in clinical
practice, many drug-drug interactionsinvolving metabolic inhi-
bition are being reported when two or more drugs are adminis-
tered concomitantly. It is helpful to know about changes in
pharmacokinetic parameters such as hepatic clearance due to
drug-drug interactions during multiple drug therapy, because
these parameters are directly related to drug effects and adverse
drug reactions. The use of human hepatic preparations has
become possible in recent years and so the ability to predict
in vivo drug interactions from in vitro studies using human
preparations is certainly proving to be very useful.

Iu/Ki has been proposed as an important factor to predict
the degree of in vivo drug interactions based on competitive
or noncompetitive inhibition of drug metabolism (1,2,16,17).
Although lu should be the unbound concentration of inhibitor
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2 1 3t 1151
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ka (min1) CLint (mL/min/kg) CLNH (mL/min/kg)

Fig. 3. Effects of the values of ka, CL;,, and CL\y on the estimated concentrations of an inhibitor. —:

estimated maximum unbound concentration at the inlet to the liver (linetumax):

----- : maximum unbound

concentration at the inlet to the liver obtained by the ssimulation, ——-: maximum unbound concentration
in the liver obtained by the simulation, ———: maximum unbound concentration in the systemic blood
obtained by the ssmulation. The basic parameters used in the simulation are listed in Table 1.
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Fig. 4. Effects of the values of Kp on the estimated concentrations of
an inhibitor. ——: estimated maximum unbound concentration at the
inlet to the liver (linetumax)s =~ : maximum unbound concentration at
the inlet to the liver obtained by the simulation, —-—-: maximum
unbound concentration in the liver obtained by the simulation, ——:
maximum unbound concentration in the systemic blood obtained by
the simulation. The basic parameters used in the simulation are listed
in Table 1.

around the metabolic enzyme in the liver, it is impossible to
directly measure this in vivo. However, many drugs are trans-
ported into the liver by passive diffusion, alowing one to
assume that the unbound concentration in the liver equals that
inthe liver capillary at steady-state. This means that estimating
the unbound concentration of the inhibitor in the liver capillary
may be enough for some drugs. In the case of drugs which are
actively transported into the liver, the unbound concentration
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in the liver can be estimated by multiplying that in the liver
capillary by the concentration ratio due to the active transport.
In order to avoid afalse negative prediction due to underestima-
tion of lu, the plasma unbound concentration at the inlet to the
liver, where the blood flow from the hepatic artery and portal
vein meet, was taken as the maximum value of u.

In the present study, the maximum unbound concentration
of the inhibitor at the inlet (lineumax) Obtained as fb-(Imax +
ka-D-Fa/Qh) was compared with the unbound concentration in
the systemic blood, inlet and liver obtained by a simulation
study based on a physiological flow model. The parameter,
linietumax, differed from the concentrations in each compartment
depending on the pharmacokinetic parameters of the inhibitor
such as intrinsic metabolic clearance in the liver, first-order
absorption rate constant, non-hepatic clearance and Kp value
(in case of changes in both protein binding in the liver and
active transport into the liver). Over the range studied, the error
Of linetumax Was within 1.7 times of the maximum unbound
concentration at the inlet and 11 times of that in the liver. The
value of liye.umax NEVEr underestimated the unbound concentra-
tionintheliver for inhibitorswith any pharmacokinetic parame-
ters. Asfar asavoiding afal se negative prediction is concerned,
this finding suggests the validity of the prediction method of
drug interactions based on the maximum value of lu estimated
by fb-(Imax + ka-D-Fa/Qh).

However, drug concentration in the body usually changes
in a time-dependent manner. Taking the interaction between
tolbutamide and sulfaphenazole as an example, the degree of
overestimation of in vivo interactions by the above method
was investigated by comparing the concentration profiles of

1000 (A) 500 mg 1004 (B) 50mg
1004 10+
o
S
2 10_ 1_
1 T T T L 1 0-1 T T L} T 1
0 10 20 30 40 50 0 10 20 30 40 50
109 (C)5mg 17 (D)0.5mg
14 0.1
<
S~
2 0.1 0.01
0.01 T T T T 1 0.001 T T T T 1
0 10 20 30 40 50 0 10 20 30 40 50
Time (hr) Time (hr)
1 1 T 1 1 1
tm 3tu2 ?tuz th’Z atVE ?tUE
Fig. 5. Simulated profiles of Iu/Ki following oral administration of sulfaphenazole at a
dose of (A) 500 mg, (B) 50 mg, (C) 5 mg, and (D) 0.5 mg. ——: using the simulated
unbound concentration at the inlet to the liver as lu, —-—-: using afixed value of Iipeumeax

as lu. Arrows indicate ty,, 3 ty,, and 7 ty, of tolbutamide administered alone.
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Fig. 6. Prediction of the interaction between tolbutamide and sulfaphenazole. Panel (A)
represents the plasma concentration profiles of tolbutamide in humans reported by
Veronese et al. (3). Open circles: control, closed circles: co-administration of sulfaphena-
zole (500 mg, b.i.d.). Panels (B), (C), (D), and (E) represents the smulated effect of
co-administration of sulfaphenazole at a dose of 500, 50, 5, and 0.5 mg, respectively, on
the plasma concentration profile of tolbutamide. ----- : control, ————: co-administration
of sulfaphenazole, ——: simulation using a fixed concentration of sulfaphenazole

(l inlet,u,max)-

tolbutamide simulated using a fixed maximum lu value of
sulfaphenazole and those simulated by taking into consideration
the concentration profile of sulfaphenazole.

In clinical situations, it is known that interactions between
tolbutamide and sulfa-agents cause serious side-effects such as
hypoglycaemic shock (18). Veronese et al. (3) reported about
5-fold increase from 587 ng-hr/mL to 3100 ng-hr/mL in AUC,,
and from 7.3 hr to 38.8 hr in the ty;, of tolbutamide at a dose
of 500 mg in humans following co-administration of 500 mg
sulfaphenazole (Fig. 6(A)). The main metabolic pathway of
tolbutamide in vitro is CYP2C9-mediated hydroxylation, and
the metabolite undergoes sequential metabolism forming a car-
boxylate in vivo (6,19). Because sulfaphenazole is a specific
inhibitor of CYP2C9, it is reasonable that metabolic inhibition
should beinvolved in theincreasein the AUC,, of tolbutamide.
TheKi of sulfaphenazole for tolbutamide methyl hydroxylation
in human liver microsomes in vitro is reported to be 0.0314
wg/mL (12). The lipeumax Of sulfaphenazole, estimated by fb-
(Imax + ka-D-Fa/Qh), is13.1 pg/mL and Iiye; umax/Ki 1S calcu-
lated to be 417. Sulfaphenazole also inhibits the plasma protein

binding of tolbutamide, resulting in about a 3-fold increase in
fb (18). However, the inhibition of metabolism is considered
to be amost complete in terms of the product of fb and CL;
as the extent of inhibition of CL;,, is much greater than that of
plasma protein binding. The contribution of the CYP2C9-
related metabolic pathway of tolbutamide is about 80% of the
total elimination (5). Therefore, complete inhibition of this
metabolic pathway leads to an 80% reduction in CL;, and the
AUC,, is predicted to be 5 times larger than the control value,
which is consistent with the observed increase (2).

In the present simulation study, the concentration profile
of tolbutamide predicted by fixing the sulfaphenazole concen-
tration a the maximum value was comparable with that
predicted by considering the concentration profile of sulfaphe-
nazole. Both results showed a marked increase in tolbutamide
concentration compared with the control value when no sulfa-
phenazole was co-administered, and this agreed well with the
invivo observations (Fig. 6(A), (B)). A reason for the successful
prediction of tolbutamide concentrations, even by fixing the
sulfaphenazole concentration at the overestimated maximum
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value, is the following: at a sulfaphenazole dose of 500 mg,
the value of 1u/Ki is high enough to completely inhibit the
CYP2C9-mediated metabolism, whether the sulfaphenazole
concentration is fixed or the concentration profile is considered
(Fig. 5(A)). That is, the IW/Ki values are approximately 230,
80, and 9 at 7 hr (ty, of tolbutamide), 21 hr (3 ty,) and 50 hr
(7 ty), respectively, at this dose of sulfaphenazole. In such a
situation, the concentration profile of tolbutamide depends on
the clearance which is not related to CYP2C9, and it seems to
be accurately estimated in the present prediction study.

When the dose of sulfaphenazole was decreased, the pre-
diction fixing the sulfaphenazol e concentration at the maximum
value overestimated the interaction (Fig. 6(C)—(E)). In other
words, no difference was observed between the results of both
predictions in the case of a high value of lu/Ki, while the
prediction fixing the concentration at the maximum value
resulted in overestimation in the case of alow value of 1u/Ki
(Fig. 5). Even if the dose of sulfaphenazole was reduced to 5
mg, which corresponds to 1/100 of the therapeutic dose, a 2-
fold increasein AUC,, of tolbutamide was predicted, indicating
that sulfaphenazoleis avery strong inhibitor of CYP2C9. Some
sulfa-agents are still in clinical use and so care should be taken
when co-administering them with substrates of CY P2C9 such
as tolbutamide, phenytoin, and warfarin.
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