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Aims To characterize the nonspeci®c binding to human liver microsomes of drugs

with varying physicochemical characteristics, and to develop a model for the effect of

nonspeci®c binding on the in vitro kinetics of drug metabolism enzymes.

Methods The extent of nonspeci®c binding to human liver microsomes of the acidic

drugs caffeine, naproxen, tolbutamide and phenytoin, and of the basic drugs

amiodarone, amitriptyline and nortriptyline was investigated. These drugs were

chosen for study on the basis of their lipophilicity, charge, and extent of ionization at

pH 7.4. The fraction of drug unbound in the microsomal mixture, fu(mic), was

determined by equilibrium dialysis against 0.1 M phosphate buffer, pH 7.4. The data

were ®tted to a standard saturable binding model de®ned by the binding af®nity KD,

and the maximum binding capacity Bmax. The derived binding parameters, KD and

Bmax, were used to simulate the effects of saturable nonspeci®c binding on in vitro

enzyme kinetics.

Results The acidic drugs caffeine, tolbutamide and naproxen did not bind appreciably

to the microsomal membrane. Phenytoin, a lipophilic weak acid which is mainly

unionized at pH 7.4, was bound to a small extent (fu(mic)= 0.88) and the binding did

not depend on drug concentration over the range used. The three weak bases

amiodarone, amitriptyline and nortriptyline all bound extensively to the microsomal

membrane. The binding was saturable for nortriptyline and amitriptyline. Bmax and KD

values for nortriptyline at 1 mg mlx1 microsomal protein were 382t 54mM and

147t 44mM, respectively, and for amitriptyline were 375t 23mM and 178t 33mM,

respectively. Bmax, but not KD, varied approximately proportionately with the

microsome concentration. When KD is much less than the Km for a reaction, the

apparent Km based on total drug can be corrected by multiplying by fu(mic). When the

substrate concentration used in a kinetic study is similar to or greater than the KD

(KmiKD), simulations predict complex effects on the reaction kinetics. When

expressed in terms of total drug concentrations, sigmoidal reaction velocity vs substrate

concentration plots and curved Eadie Hofstee plots are predicted.

Conclusions Nonspeci®c drug binding in microsomal incubation mixtures can be

qualitatively predicted from the physicochemical characteristics of the drug substrate.

The binding of lipophilic weak bases is saturable and can be described by a standard

binding model. If the substrate concentrations used for in vitro kinetic studies are in the

saturable binding range, complex effects are predicted on the reaction kinetics when

expressed in terms of total (added) drug concentration. Sigmoidal reaction curves result

which are similar to the Hill plots seen with cooperative substrate binding.

Keywords: human liver microsomes, in vitro clearance prediction, in vitro drug

metabolism kinetics, nonspeci®c binding
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affecting the metabolism of a new drug, including the

potential for metabolic drug interactions, is well

established [1±3]. Quantitative predictions of in vivo

drug clearance and the magnitude of potential drug

interactions are also important to enable the develop-

ment of drugs with optimal pharmacokinetic properties

[4±6].

Kinetic studies in vitro, most commonly with human

liver microsomes, allow determination of the maximal

velocity (Vmax) and Michaelis constant (Km) for a

metabolic pathway. Under linear conditions, the ratio of

Vmax to Km represents the metabolic intrinsic clearance,

which is a measure of the ef®ciency of drug metabolism by

the liver, and is the key parameter for extrapolation of

in vitro kinetic data to in vivo metabolic clearance.

While this approach has been reasonably successful,

large discrepancies sometimes occur between hepatic

clearance predicted from in vitro data and that measured

in vivo, with the in vivo value usually being higher than

predicted [7]. A number of factors could contribute to this

including metabolism by extrahepatic tissues, incorrect

assumptions about the equilibrium of drug between blood

and hepatocyte, incorrect fraction of drug unbound used

in the in vivo clearance model, nonrepresentative liver

samples used in vitro, and incorrect determination of Vmax

and/or Km.

Determination of Km and Ki is critical in the

quantitative extrapolation of in vivo drug clearance and

inhibitory drug interactions, respectively. In vivo, the

unbound drug in plasma is in equilibrium with the

unbound drug in the hepatocyte cytosol, which accesses

the active sites of drug metabolizing enzymes. The in

vitro correlate of this is the unbound drug in the

microsomal incubation. Most drugs are lipid soluble

organic compounds that bind nonspeci®cally to the

lipid-protein milieu of the microsomal membrane.

Despite this, almost all workers have used the total

(added), rather than the unbound, drug concentration in

kinetic experiments to determine Km and Ki. This

results in overestimation of these parameters and

underestimation of in vivo drug clearance and extent

of inhibition. Some groups have recently used a

correction factor, the fraction of drug unbound in the

microsomal incubation (fu(mic)), to correct for this [7±9],

but have assumed that fu(mic) is independent of substrate

concentration.

The present study characterizes the nonspeci®c binding

to human liver microsomes of a range of weak acids and

bases, with varying physicochemical characteristics (log

D7.4, and extent of ionization). A model for the

nonspeci®c binding of drugs to microsomes has been

developed, and the impact of binding on in vitro enzyme

kinetics has been modelled.

Methods

Human liver microsomes

Microsomes were prepared from one human liver sample

obtained from a renal transplant donor with the consent of

the next-of-kin and the Flinders Medical Centre

Committee on Clinical Investigation [10]. Microsomal

pellets were suspended in 0.1 M phosphate buffer contain-

ing 20% (v/v) glycerol and stored at x70uC. Protein

content was measured by the method of Lowry et al. [11]

using bovine serum albumin as the standard. Microsomes

were diluted to the desired protein concentration in 0.1 M

phosphate buffer. This liver is representative of others in

our liver bank.

Equilibrium dialysis

Drug binding to microsomes was determined by equili-

brium dialysis. A Dianorm apparatus was used with Te¯on

dialysis cells of 1.2 ml capacity per side and Spectrapor

#4 dialysis membrane (molecular weight cut off

12 000±14 000 Da) purchased from Spectrum Medical

Industries Inc. (Los Angeles, CA, USA). The sample

volume on each side of the cell was 1 ml. The dialysis

membrane was prepared by soaking overnight in 0.1 M

phosphate buffer, pH 7.4 at 4uC. Each individual drug was

initially placed in the microsomal compartment and

dialysed against 0.1 M phosphate buffer, pH 7.4. The

complete assembly of dialysis cells was immersed in a water

bath maintained at 37uC, and rotated at 12 rev minx1 for

3 h. Each dialysis experiment had buffer/buffer (i.e. buffer

on both sides of the dialysis cell) and microsome/

microsome controls at a high (500mM) and low (50mM)

drug concentration to ensure that equilibrium was

reached. The ratios of concentrations of drug on the

two sides of the cell were within the range 0.8±1.2

indicating that equilibrium was reached in the 3 h dialysis

time.

The concentrations of each drug used in dialysis

experiments were selected to span the reported apparent

Km value for that compound. Each drug was initially

dialysed at varying concentrations against 1 mg mlx1

microsomal protein.

With the exception of amiodarone, each of the drugs

was prepared as an aqueous solution and diluted 1 : 100

upon addition to the dialysis cells. Naproxen was

solubilized in 0.1 M phosphate buffer. Phenytoin, and

tolbutamide were solubilized by dropwise addition of an

aqueous solution of 1.0 M NaOH. Amiodarone was

dissolved in DMSO so that the ®nal concentration in

the dialysis mixture did not exceed 1% v/v.

The octanol/buffer partition coef®cients at pH 7.4 (log

D7.4) were determined for each drug using the shake ¯ask
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method [12], with equal volumes of octanol and 0.1 M

phosphate buffer pH 7.4.

Analytical methods

Drug concentrations were determined by h.p.l.c. analysis,

comparing peak heights to a standard curve. Standard

curves were performed out of buffer and microsomes and

were linear with r2 values ranging from 0.983 to 0.999.

With the exception of caffeine, 0.2 ml aliquots of samples

recovered from each side of the dialysis apparatus were

mixed with 0.4 ml of acetonitrile. Tubes were vortex

mixed for 1 min, and centrifuged (1600 g for 5 min) to

pellet protein. Amiodarone, amitriptyline and nortripty-

line were injected directly (0.1 ml) onto the h.p.l.c.

column without changing peak shape or retention time.

However, dilution of samples with distilled water (1 : 5)

was necessary for the analysis of S-naproxen, phenytoin,

and tolbutamide given the lower proportion of acetonitrile

in the mobile phase. In the case of amiodarone, the buffer

sides of the cells were unloaded into a microsome

suspension and standard curves were constructed out of

microsomes. This gave good (> 80%) recovery of

amiodarone.

The very low proportion of acetonitrile in the caffeine

mobile phase precluded the use of the acetonitrile

precipitation method described above, and an extraction

procedure was used. Aliquots (0.2 ml) of solution from

either side of the dialysis cell were added to a 15 ml glass

culture tube containing 8-chlorotheophylline (internal

standard; 0.1 ml of a 1 mM solution) and HCl (0.4 M,

0.1 ml). The mixture was extracted with dichloromethane

by vortex mixing for 1 min. Culture tubes were

centrifuged (1600 g for 5 min) and the aqueous layer was

aspirated, and discarded. The organic phase was transferred

to a conical glass tube and evaporated to dryness under N2.

The residue was reconstituted in the assay mobile phase

(0.3 ml) and an aliquot (0.1 ml) injected onto the h.p.l.c.

column. Chromatography conditions for the various

analytes are shown in Table 1.

The within day precision of the analytical methods was

assessed by triplicate determinations from buffer and

microsomes at three drug concentrations and a microsomal

protein concentration of 1 mg mlx1. Coef®cients of

variation were < 10% in all cases.

The unbound fraction (fu(mic)) of drug in microsomal

compartment was expressed as the free drug concentration

(concentration in the buffer compartment of the dialysis

cell) divided by the total drug concentration (concentra-

tion in the microsome compartment). The within day

precision for the measurement of the microsomal binding

of each drug was assessed by triplicate measurements of

fu(mic) at two different drug concentrations (20mM

and 100mM). The coef®cient of variation was less than

10% for each of the drugs at both the high and low

concentrations.

Theoretical considerations

The nonspeci®c binding of a drug to the microsomal

membrane is given by

Table 1 H.p.l.c. conditions for drug assays.

Drug Mobile phase H.p.l.c. column

Mobile phase ¯ow

rate (ml minx1)

Detector

wavelength (nm)

Retention time

of analyte (min)

Caffeine

(internal standard)

95% Na acetate buffer

(pH 4.0, 1.7 mM)/5% acetonitrile

C-18 2 276 8.5 (10.2)

Amiodarone 58% distilled water with

0.01 M NH4CIO4/42% acetronitrile

(adjusted to pH 3.0 with perchloric acid)

C-8 2 242 8.75

Amitriptyline 60% distilled water with 3 mM C-8 2 230 7.0

octanesulphonic acid, and 0.5 mM

NNN'Nk-TMED/40% acetonitrile

(adjusted to pH 2.5 with H3PO4)

Nortriptyline As for amitriptyline 7.75

Naproxen 85% 20 mM phosphate buffer

(pH 7.0)/15% acetonitrile C-18 1.8 254 5.5

Tolbutamide 70% 10 mM Na acetate/ C-18 2 254 6.75

30% acetonitrile (adjusted to

pH 4.3 with glacial acetic acid)

Phenytoin As for tolbutamide C-18 2 254 5.2

C-18: Waters, Nova Pak, particle size 4 micron, 3.9 mm (id)r 150 mm C-8: Beckman Ultrasphere (Octyl), particle size 5 micron, 4.6 mm

(id)r 25 cm.

Nonspeci®c drug binding to human liver microsomes
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CB � Bmax|CF

KD � CF

�equation 1�

where CB is the concentration of drug bound, CF is the

free drug concentration, Bmax is the maximal binding

capacity and KD is the dissociation constant. Data were

inspected graphically as a Scatchard plot, to obtain initial

estimates of the binding parameters Bmax and KD. These

values were then used as the initial estimates in the non

linear extended least squares regression modelling

program, MK model [13], to calculate `best-®t' Bmax

and KD values.

If it is assumed that only free drug is available for

metabolism in an in vitro incubation, the concentration

term in the standard equation describing reaction velocity

must be replaced by CF as shown below.

v � Vmax|CF

Km � CF

�equation 2�

For simulations of the effects of binding on in vitro kinetics,

the free drug concentration was calculated from equation 1

(with CB=CT x CF) by solving the quadratic

expression

C2
F � CF�Bmax{CT � KD�{CTKD � 0 �equation 3�

Results

The physicochemical characteristics and binding of the

drugs studied are shown in Table 2. The hydrophilic weak

acids naproxen, tolbutamide and caffeine showed no

microsomal membrane binding, whereas phenytoin, a

lipophilic weak acid mostly unionized at pH 7.4, was

bound slightly to microsomal membrane with an fu(mic)

independent of drug concentration over the range used.

The weak bases amiodarone, amitriptyline and nortripty-

line bound extensively to the microsomal membrane. The

dependence of nortriptyline fu(mic) on drug and micro-

somal protein concentration is shown in Figure 1. The

fraction unbound increased as the drug concentration

increased and as the microsomal protein concentration

decreased. The results were similar for amitriptyline.

Saturable binding of amitriptyline and nortriptyline

The increase in free fractions of amitriptyline and

nortriptyline with increase in total drug concentration

indicated saturable binding. Figure 2 shows a standard

binding plot and Scatchard plot for nortriptyline. The

Scatchard plot is linear indicating saturable binding with a

single binding component. Initial estimates of the

maximum binding capacity, Bmax, and the dissociation

constant, KD, were calculated from the Scatchard plot, and

these values were then used in MK model to calculate ®nal

values by nonlinear least squares regression analysis.

Binding parameters for nortriptyline and amitriptyline at

varying microsomal protein concentrations are shown in

Table 3. The binding capacity increased in an almost linear

fashion as the microsomal protein concentration increased,

whereas the Kd remained approximately constant. The

binding parameters for amitriptyline and nortriptyline

were similar, as would be expected from the similar

physicochemical characteristics of the two drugs.

Simulations of effects of nonspeci®c binding on in vitro
enzyme kinetics

If the drug concentration range used in an in vitro

determination of drug metabolism kinetics is similar to or

above the KD for the nonspeci®c binding of the drug to

the microsomal membrane, the fu(mic) will vary with the

substrate concentration. A simulation of the impact of

saturable nonspeci®c binding on reaction kinetics is shown

in Figures 3 and 4. Figure 3 shows the effect of varying the

Table 2 Physicochemical characteristics and nonspeci®c binding. The concentration range is that used in the dialysis experiments. Log D7.4 was

determined as described in the Methods section. The concentration of microsomal protein was 1 mg mlx1.

Compound log D7.4 pKa

% ionization

(pH 7.4)

Reported mean Km

(mM) [reference]

Concentration

range (mM)

Observed

fu(mic)

Acids

Caffeine 0.3 13.9 0.0 180a [14] 20,250 0.96,1.1

S-Naproxen x0.7 4.2 100.0 143b [18] 20,500 0.99,1.0

Phenytoin 2.1 8.3 11.1 30 [20] 20,200 0.85,0.89

Tolbutamide 0.5 5.3 99.1 120 [19] 20,500 0.97,1.1

Bases

Amiodarone > 7.0 6.6 12.5 310 [17] 100 < 0.01

Amitriptyline 1.6 9.4 99.0 67 [15] 20±1000 0.35±0.73

Nortriptyline 1.1 9.7 99.3 21 [16] 20±1000 0.35±0.70

a High af®nity component of caffeine N3-demethylation, b O-Demethylation pathway.
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binding KD whilst keeping the Km, Vmax, and Bmax

constant. As the KD decreases relative to the Km for the

reaction, the reaction velocity vs substrate concentration

curve becomes increasingly sigmoidal. In the extreme case

(a KD of 1mM vs a Km of 200mM) the predicted reaction

velocity (metabolite formation) is negligible until satura-

tion of nonspeci®c binding occurs at an added substrate

concentration about that of the Bmax. Also shown are the

Eadie-Hofstee plots, which become increasingly curvi-

linear as the ratio of KD to Km decreases.

A simulation of the effect of varying protein concentra-

tion whilst keeping Km, KD, Vmax, and Bmax constant, with

KD approximately equal to Km, is illustrated in Figure 4.

The Michaelis-Menten curve shifts to the right and
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Figure 1 Nonspeci®c binding of nortriptyline to human liver microsomes. a) Dependence of f u(mic) on nortriptyline concentration at

1 mg mlx1 microsomal protein. b). Dependence of f u(mic) on microsomal protein concentration at 100mM nortriptyline. Each point is

the mean t s.d. of triplicate determinations.
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Figure 2 Binding of nortriptyline to human liver microsomes 1 mg mlx1. a) Binding plot according to equation 1. b) Scatchard plot.
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becomes sigmoidal as the protein concentration and the

degree of nonspeci®c binding increases. The Eadie-

Hofstee plot shifts to the left and becomes nonlinear.

Discussion

The nonspeci®c binding of seven drugs with differing

pharmacokinetics and physicochemical characteristics

have been analysed in this study. Of the seven drugs,

amiodarone, amitriptyline and nortriptyline showed

marked nonspeci®c binding to microsomes. All three

are lipophilic weak bases. Phenytoin, a lipophilic weak

acid with a high pKa so that it is mostly unionized at

pH 7.4, bound to microsomes to a minor extent.

Tolbutamide and naproxen, which are less lipophilic

and have lower pKa values than phenytoin, did not show
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Figure 4 Simulation showing the effect of varying microsomal protein concentration on Michaelis-Menten kinetics (a), and on an Eadie

Hofstee plot (b). Bmax was assumed to be proportional to microsomal protein concentration. Substrate concentration ranges used in

kinetic studies are commonly 0.2 Km x3 Km.
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J. A. McLure et al.

458 f 2000 Blackwell Science Ltd Br J Clin Pharmacol, 49, 453±461



measurable nonspeci®c binding. Caffeine also was not

bound. These binding characteristics are as would be

expected from the net negative charge on the microsomal

membrane. The fu(mic) measured for phenytoin here was

0.88 and was independent of drug concentration. This is

consistent with that found by Ludden et al. [21] who

reported a fraction unbound of 0.77 using 1 mg mlx1

human liver microsomes and Tris buffer. Carlile et al. [22]

have, however, recently reported a phenytoin fraction

unbound of 0.36 with 1 mg mlx1 human liver microsomes

and phosphate buffer. The reason for this discrepancy is

unclear except that three different methods were used in

the three studies (dialysis ± this study; ultracentrifugation

[21]; and micro®ltration [22]). Warfarin which, like

phenytoin, is a weak acid with a high pKa has been

reported to have an fu(mic) of 0.85 at a microsomal protein

concentration of 1.0 mg mlx1 and a warfarin concentra-

tion of 10mM.

Amiodarone, which is extremely lipophilic, was bound

so extensively that the free concentration, although

detectable, was below the limit of quanti®cation for the

assay, but the unbound fraction was approximately 0.01 or

less (at 100mM amiodarone and 1 mg microsomal protein

mlx1). The very extensive binding of amiodarone

observed here is in agreement with the high nonspeci®c

binding (fu(mic)< 0.07) of another highly lipophilic weak

base, felodipine, reported previously [23].

The free fractions of the tricyclic antidepressants,

amitriptyline and nortriptyline, were dependent on the

microsome concentration (Figure 1). Obach [7] similarly

showed that the binding of imipramine was dependent on

the microsome concentration. At a microsomal protein

concentration of 1 mg mlx1 and an imipramine concen-

tration of 10mM, the reported fu(mic) was 0.16. The

corresponding values which we have found for amitripty-

line and nortriptyline at 20mM drug concentration were

0.35 and 0.33, respectively. Obach [7] examined the drug

concentration dependence of imipramine binding over the

range 1±100mM and found fu(mic) increased from 0.14 to

0.22 over this range. We have examined higher

concentrations of nortriptyline and amitriptyline in the

present study and have found a much greater degree of

variation in fu(mic) over the wider drug concentration range

used.

Where drugs are subject to nonspeci®c membrane

binding in a microsomal incubation, the free and available

substrate concentration will be less than the added

concentration. The apparent Km determined on the basis

of the added concentration will then be higher than the

`true' Km, although the Vmax should not be affected. This

will result in a falsely low value for the in vitro intrinsic

clearance (Vmax/Km), and therefore for the predicted in vivo

clearance. Two groups have suggested various corrections

for nonspeci®c binding during the extrapolation to in vivo

clearance [7, 8, 24, 25].

von Moltke et al. [24, 25] used mouse liver homogenate

to determine a liver : water partition coef®cient which was

then used to correct for in vitro binding. However, the free

drug concentration at the liver enzyme site in vivo is

determined theoretically by the free drug concentration in

the blood. Drug binding in the liver cell is a determinant of

the overall liver:blood partition ratio, but not of the free

drug concentration in the cytosol. Drug binding in vivo is

accounted for in the clearance model as the fraction of

drug unbound in plasma, fu. The in vitro correlate of free

drug in the hepatocyte cytosol is the free drug concentra-

tion in the actual microsomal incubation used for the

in vitro kinetic studies.

A nonspeci®c binding model

The nonspeci®c binding of amitriptyline and nortriptyline

observed in the current study was saturable, and the data

could be ®tted to a standard binding model to determine

the maximum binding capacity Bmax and the dissociation

constant KD. This saturable binding behaviour is likely to

apply at least to other lipophilic bases. The Bmax and

KD values for nortriptyline were determined at vary-

ing microsome concentrations (Table 4). As might be

expected, Bmax varied approximately proportionately with

microsome concentration, whereas the KD remained

constant.

Two situations may then occur in relation to correction

of the Km to account for nonspeci®c binding. These are

illustrated in Figure 5.

The ®rst is where the Km, and therefore the substrate

concentration range used in an in vitro kinetic study, is

much less than the KD for nonspeci®c binding of the

substrate. In this situation, fu(mic) is independent of the

substrate concentration (Figure 5 insert), but will still

depend on the microsomal protein concentration. The

apparent Km (Km(app)) can then be corrected to the `true'

Km by multiplying by the fraction of unbound drug at the

microsomal protein concentration used in the in vitro

study.

Table 3 Nonspeci®c binding parameters for nortriptyline and

amitriptyline at varying microsome concentrations.

Microsomal protein (mg ml±1) Bmax (mM) KD
1 (mM)

Nortriptyline

0.5 220t 32 151t 42

1.0 382t 54 147t 44

2.0 707t 54 111t 3

Amitriptyline

1.0 375t 23 178t 33

1 Values are mean t s.d. of three determinations.

Nonspeci®c drug binding to human liver microsomes
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`True' Km � Km�app�|f�mic� �equation 4�
This is analogous to linear pharmacokinetics where the

drug concentration is much lower than the Km for a

saturable elimination process such as metabolism or

secretion. It is also analogous to linear plasma protein

binding when the plasma drug concentration is much less

than the concentration of protein binding sites. The

fraction unbound then does not vary with drug

concentration but does vary with the concentration of

the binding proteins.

The second situation is where the substrate concentra-

tion range used in an in vitro study (determined by the

apparent Km) is similar to or higher than the KD for

nonspeci®c binding. The fraction of substrate unbound in

the incubation mixture will then vary across the substrate

concentration range used (Figure 5). This precludes a

simple proportional correction of apparent Km for

nonspeci®c substrate binding. This is analogous to zero

order kinetics in vivo, or nonlinear plasma protein binding

when the plasma drug concentration is similar to or higher

than the concentration of the binding protein. In this

situation, fu(mic) varies with both substrate and microsome

concentrations, and complex effects on the in vitro kinetics

are predicted. In both cases, sigmoidal kinetics and curvi-

linear Eadie Hofstee plots result (see Figures 3 and 4). The

sigmoidicity becomes greater as the Km (and therefore the

substrate concentration range used in the in vitro kinetic

study) increases relative to the KD for nonspeci®c binding.

Sigmoidal in vitro kinetics have been reported,

particularly with CYP3A4 [15, 26±28]. This has been

interpreted as autoactivation due to substrate binding at

more than one site or to the simultaneous binding of two

molecules of substrate at the active site [28, 29]. CYP3A4

is also activated by a number of ¯avonoids and steroids

(heterotropic activators) which reduce the degree of

cooperativity and at least partly restore hyperbolic kinetics

[26, 28]. With CYP3A4, these effects can be substrate

regioselective [30], and altered by changes in critical amino

acids [31]. Recently, nonhyperbolic kinetics have been

reported with a range of other CYP isoforms. These

include: CYP1A2 [32]; CYP2B6 and CYP2E1 [33];

CYP2B6, CYP2C8, CYP2C9 and CYP3A5 [29]; and

CYP1A2 and CYP2C9 [34].

We have shown in the current study that sigmoidal

kinetics can be predicted to occur in some circumstances as

a result of nonspeci®c binding of the substrate in the

microsomal membrane. It is therefore possible that at least

some cases of apparent substrate autoactivation are due to

nonspeci®c substrate binding. We are currently exploring

this possibility.

The nonspeci®c binding observed in this study of the

weak bases nortriptyline, amitriptyline and amiodarone

would increase the in vivo metabolic clearance predicted

from in vitro data. This would tend to bring predicted and

actual clearances closer, particularly for amiodarone where

the correction factor is of the order of 100-fold or more.

By contrast, the minor or absent nonspeci®c binding with

the weak acids used in this study indicates that corrections

for nonspeci®c binding will not need to be made for drugs

with these physicochemical characteristics.

This work was supported by grant 981248 from the National Health

and Medical Research Council of Australia.
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