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Differential selectivity of cytochrome P450 inhibitors against probe
substrates in human and rat liver microsomes

Victoria A. Eagling, John F. Tjia & David J. Back
Department of Pharmacology & Therapeutics, University of Liverpool, P.O. Box 147, Liverpool L69 3GE, UK

Aims Chemical inhibitors of cytochrome P450 (CYP) are a useful tool in defining
the role of individual CYPs involved in drug metabolism. The aim of the present
study was to evaluate the selectivity and rank the order of potency of a range of
isoform-selective CYP inhibitors and to compare directly the effects of these
inhibitors in human and rat hepatic microsomes.
Methods Four chemical inhibitors of human cytochrome P450 isoforms, furafylline
(CYP1A2), sulphaphenazole (CYP2C9), diethyldithiocarbamate (CYP2E1), and
ketoconazole (CYP3A4) were screened for their inhibitory specificity towards CYP-
mediated reactions in both human and rat liver microsomal preparations. Phenacetin
O-deethylation, tolbutamide 4-hydroxylation, chlorzoxazone 6-hydroxylation and
testosterone 6b-hydroxylation were monitored for enzyme activity.
Results Furafylline was a potent, selective inhibitor of phenacetin O-deethylation
(CYP1A2-mediated) in human liver microsomes ( IC50=0.48 mm), but inhibited
both phenacetin O-deethylation and tolbutamide 4-hydroxylation (CYP2C9-
mediated) at equimolar concentrations in rat liver microsomes ( IC50=20.8
and 24.0 mm respectively). Sulphaphenazole demonstrated selective inhibition of
tolbutamide hydroxylation in human liver microsomes but failed to inhibit this
reaction in rat liver microsomes. DDC demonstrated a low level of selectivity as an
inhibitory probe for chlorzoxazone 6-hydroxylation (CYP2E1-mediated). DDC also
inhibited testosterone 6b-hydroxylation (CYP3A-mediated) in man and rat, and
tolbutamide 4-hydroxylase activity in rat. Ketoconazole was a very potent, selective
inhibitor of CYP3A4 activity in human liver ( IC50=0.04 mm). Although inhibiting
CYP3A in rat liver it also inhibited all other reactions at concentrations ≤5 mm.
Conclusions It is evident that CYP inhibitors do not exhibit the same selectivity in
human and rat liver microsomes. This is due to differential selectivity of the
inhibitors and/or differences in the CYP isoform responsible for metabolism in the
different species.
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other species such as the rat are used and predictions made
Introduction

to man.
Currently gene families 1, 2 and 3 are thought to beThe correct assignment of individual cytochrome P450

(CYP) isoforms to specific metabolic pathways is an area of involved in the biotransformation of xenobiotics in both
humans and rodents. However, isoforms are not conservedconsiderable importance; in particular in the rational

prediction of drug-drug interactions. Many different between species and differences are known to occur in
catalytic and regulatory specificities between human CYPstrategies are currently employed in the unambiguous

identification of CYP isoforms responsible for the biotrans- isoforms and their rat orthologues, although the CYP1A
and CYP2E subfamilies show remarkable conservationformation of therapeutic agents. These include the use of

selective chemical inhibitors of CYP isoforms, inhibitory between human and rat [3]. The major human hepatic CYP
subfamilies are CYP2C and CYP3A which account for 20%CYP antibodies, studies with purified, reconstituted enzymes

and the correlation of immunoquantified CYP levels and and 30% of total CYP respectively [4], with CYP1A2,
CYP2E1, CYP2A6, CYP2D6 and CYP2B6 comprisingmetabolic rates [1, 2]. Recent advances in the field of

chemical inhibitors of CYP have greatly facilitated the 13%, 7%, 4%, 2% and <1% respectively. Levels of CYP
isoforms in male rats are very different with CYP2C11characterization of the catalytic specificities of individual

CYP isoforms involved in drug metabolism. The lack of accounting for 54% of total CYP content, CYP3A2 being
17% abundant and CYP1A2 being expressed at much loweravailability of human liver samples for metabolism/inhibitor

studies may mean that hepatic microsomal preparations from levels (2%) in untreated rat liver samples [5, 6].
Differences in the levels of individual CYP isoforms and

indeed the expression of distinct isoforms may lead toCorrespondence: Professor D. J. Back, Department of Pharmacology & Therapeutics,
University of Liverpool, P.O. Box 147, Liverpool L69 3GE, UK. differences in the metabolism of alleged probe substrates
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between species. In addition, these differences have also and 2.0 mg protein for rat liver microsomes and an
incubation time of 30 min in both species. A 500 ml reactionbeen shown to influence the selectivity of inhibitor probes.

For example, the inhibition of tolbutamide 4-hydroxylation mixture typically containing 0.5 mg microsomal protein
(human or rat) was incubated with phenacetin in theby sulphaphenazole (CYP2C9 inhibitor in human) differs

markedly when this reaction is catalysed by human, rat or presence of MgCl2 (10 mm) and NADPH (2.5 mm) in
phosphate buffer (0.067 m; pH 7.4). Metacetamol was addedrabbit liver microsomes [7].

In the present study, four chemical inhibitors of human as internal standard and the mixture was extracted with
DCM (10 ml; 20 min) to remove unreacted phenacetincytochrome P450 isoforms, namely, furafylline (CYP1A2,

[1, 8–10]); sulphaphenazole (CYP2C9, [1, 2, 10]); diethyldi- followed by ethylacetate (10 ml; 20 min). Samples were
reconstituted in mobile phase (200 ml) prior to h.p.l.c.thiocarbamate (DDC) (CYP2E1, [10, 11]) and ketoconazole

(CYP3A4, [12–14]) were screened for their inhibitory analysis. Paracetamol and metacetamol were separated using
an isocratic mobile phase (flow rate 1 ml min−1) consistingspecificity towards CYP-mediated reactions in both human

and rat liver microsomal preparations. Phenacetin O- of AcN: sodium phosphate buffer (10590, v/v; 0.1 m;
pH 4.3) and a Spherex 5 mC18 column (25 cm x 4.6 mm;deethylation, tolbutamide 4-hydroxylation, chlorzoxazone

6-hydroxylation and testosterone 6b-hydroxylation were Phenomenex, Macclesfield, UK) with u.v. detection at
245 nm. Formation of paracetamol was quantified bychosen as markers for human CYP1A2 [15], CYP2C9 [16],

CYP2E1 [17] and CYP3A4 [18] activity respectively and interpolating peak height ratios of paracetamol and metaceta-
mol from a standard curve of known paracetamolincubations performed in human and rat liver microsomes.
concentrations. Inter- and intra- assay coefficients of variation
were 8.7% and 6.5% (determined at 100 pmol paracetamol)

Methods
respectively. The lower limit of determination was 25 pmol.

Chemicals
b) Tolbutamide 4-hydroxylation Initial linearity studies
indicated that this reaction was linear up to 4 mg and 2 mgPhenacetin, paracetamol, metacetamol, tolbutamide,

chlorzoxazone, zoxazolamine, testosterone, 6b-OH testos- microsomal protein for human and rat liver microsomes
respectively and an incubation time of 16 min for humanterone, 11b-OH testosterone, sulphaphenazole, diethyldithio-

carbamate and b-NADPH (reduced form) were purchased liver microsomes and 10 min for rat liver microsomal
preparations. A 500 ml reaction mixture containing 0.5 mgfrom the Sigma Chemical Company (Poole, Dorset, UK).

Furafylline and 6-OH chlorzoxazone were obtained from microsomal protein (human or rat) was incubated with
tolbutamide in the presence of MgCl2 (10 mm) and NADPHUltrafine Chemicals (Manchester, UK). Chlorpropamide

and 4-OH tolbutamide were gifts from Hoescht AG (1 mm) in phosphate buffer (0.067 m; pH 7.4) according to
the method of Back et al. [21]. Termination, extraction and(Frankfurt, Germany); ketoconazole was a gift from Janssen

(Beerse, Belgium). H.p.l.c. grade acetonitrile (AcN), h.p.l.c. analysis of samples were as previously described. The
inter- and intra- assay coefficients of variation (determineddichloromethane (DCM), methanol and ethyl acetate were

purchased from Fisons Plc (Loughborough, UK). All other at 0.6 nmol hydroxytolbutamide) were 3% and 1.3%
respectively, with a lower limit of determination of 20 pmol.reagents were of the highest grade possible.

c) Chlorzoxazone 6-hydroxylation Initial linearity studies
Human liver samples

revealed that this reaction was linear upto 2 mg microsomal
protein in both species and an incubation time of 40 min.Histologically normal human livers were obtained from

kidney transplant donors. Liver samples were transferred on A 500 ml incubation volume containing 0.2 mg microsomal
protein (human or rat) was incubated with chlorzoxazoneice to the laboratory within 30 min where they were

sectioned into 10–20 g portions and frozen in liquid (CLZ) in the presence of MgCl2 (10 mm) and NADPH
(1 mm) in phosphate buffer (0.067 m; pH 7.4). The reactionnitrogen. These were then stored at −80° C until required.

Washed microsomes (105, 000g pellets) were prepared from was terminated by the addition of zoxazolamine as internal
standard and the mixture was extracted with DCM (5 ml;human liver samples by the differential centrifugation

technique [19] and microsomal protein yield was determined 10 min). The organic phase was evaporated to dryness and
reconstituted into mobile phase (200 ml) prior to h.p.l.c.by the method of Lowry et al. [20] using bovine serum

albumin as standard. analysis. Formation of 6-hydroxychlorzoxazone (6-OHCLZ)
was measured by h.p.l.c. with u.v. detection at 295 nm and
quantified by interpolating peak height ratios of 6-OHCLZ

Rat liver samples
and zoxazolamine from a standard curve of known
6-OHCLZ concentrations. A 5 mC18 Spherex columnWashed microsomes were prepared by the classical

differential centrifugation technique from the livers of male (25 cm×4.6 mm; Phenomenex, Macclesfield, UK) was
employed to separate CLZ, 6OHCLZ and internal standardWistar rats (200–300 g) which were sacrificed by cervical

dislocation. using a gradient mobile phase system. Initial chromatographic
conditions were AcN : ammonium acetate buffer (28522,
v/v; 0.05 m; pH 3.3), followed by a linear increase of AcN

Enzyme assays for CYP probes.
to 33% between 10 and 15 min remaining so until 17 min
then returning to the original run conditions at 20 min.a) Phenacetin O-deethylation Initial linearity studies indicated

that this reaction was linear up to 1.5 mg protein for human This was followed by a 5 min re-equilibration period. The
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CYP450 inhibitors in human and rat

inter- and intra- assay coefficients of variation (determined investigated using the standard assay conditions listed above
for each CYP probe substrate. A single concentration ofat 3 and 10 nmol 6-OHCLZ) were 5.3% and 8.5%

respectively. The lower limit of determination was 100 pmol. each substrate was used: 20 mm for phenacetin, 100 mm for
tolbutamide, 100 mm for chlorzoxazone and 100 mm for

d) Testosterone 6b-hydroxylation Initial linearity studies were testosterone. Substrate concentrations for tolbutamide, chlor-
performed and revealed that this reaction was linear zoxazone and testosterone were chosen as approximating to
up to 0.2 mg microsomal protein for both species and an the Km value for these substrates in human liver. A value of
incubation time of 15 min in human and 30 min in rat 20 mm was chosen for phenacetin as at this concentration
microsomal incubations. A 500 ml incubation mixture greater than 95% of activity was catalysed by the high
containing 0.05 mg microsomal protein (human or rat) was affinity component (CYP1A2). This value was calculated by
incubated with testosterone in the presence of MgCl2 substituting values for Km and Vmax into the Michaelis-
(10 mm) and NADPH (2.5 mm) in phosphate buffer Menten equation for a two enzyme system. Incubations
(0.067 m; pH 7.4). The reaction was terminated by the were performed in the presence of a range of inhibitor
addition of 11b-hydroxytestosterone as internal standard and concentrations. Inhibitors were prepared as methanolic stock
immediate extraction with DCM (10 ml; 20 min). The solutions, with an appropriate amount dried down prior to
DCM layer was then evaporated to dryness before reconsti- reconstitution in the incubation volume containing protein
tution with mobile phase (200 ml). Testosterone and phosphate buffer. There was no visible evidence of
6b-hydroxylation was quantified by h.p.l.c. analysis. precipitation of any of these compounds over the concen-
6b-hydroxytestosterone was separated from internal standard, tration range studied. In the case of the mechanism-based
testosterone and other metabolites by a 5 mC18 Prodigy inactivators of CYP, namely furafylline and DDC, these
column (15 cm x 4.6 mm; Phenomenex, Macclesfield, UK) compounds were preincubated with microsomes and
using a gradient mobile phase system comprising of solvent NADPH for 15 min prior to the addition of substrate.
mixtures: mixture A 3556451 (v/v) methanol: distilled IC50 values (concentration of inhibitor to cause 50%
water: AcN and mixture B 8051852 (v/v) methanol: inhibition of original enzyme activity) were determined by
distilled water: AcN. Initial run conditions were GraFit where appropriate using the following equation:
75% A525% B. Between 9 and 28 min there was a linear
increase of solvent B to 75% (25% A) remaining so until v=

V 0

1+(I/IC50)s30 min. Between 30 and 32 min there was a linear decrease
back to the starting run conditions (25% A575% B) with a

where V0 is uninhibited velocity, v is observed velocity, s is3 min re-equilibration period. U.v. detection was at 254 nm.
slope factor and I is inhibitor concentration.The inter- and intra- assay coefficients of variation were

Inhibition constants (Ki s) were not calculated. Although5.6% and 4.3% respectively (determined at 500 pmol
we recognize that ultimately it is Ki values, and not IC506b-hydroxytestosterone). The assay had a lower limit of
values, which provide the most valid parameters fordetermination of 50 pmol.
comparison, the purpose of this study was to obtain screening
data which is important when a high throughput of samplesKm and Vmax determinations for CYP probes
is required.

Under predetermined linear conditions with respect to time
and protein concentration, a range of substrate concentrations

Resultswere incubated as outlined above to determine Km and Vmax

values. The substrate concentrations were as follows:
Km and Vmax determinations for CYP probe substratesphenacetin 5–2000 mm, tolbutamide 25–400 mm, chlorzox-

azone 10–1000 mm and testosterone 10–200 mm. For each Apparent Km and Vmax values for all four substrates are
substrate, metabolite formation was calculated (nmol mg−1

presented in Table 1. Intrinsic clearance (CLint, Vmax/Km)
min−1) and Michaelis-Menten equations for a one or two was also calculated for each substrate in both human and rat
enzyme model were fitted to the data using the iterative liver microsomal incubations (Table 1). Km values in the
non-linear regression program GraFit (version 3). two species were similar for the high affinity component

of phenacetin O-deethylation and testosterone 6b-
One enzyme model V=

V maxS

Km+S
(1) hydroxylation. A greater difference in Km values for

tolbutamide hydroxylation was observed between human
and rat. A single enzyme model best fitted chlorzoxazone

Two enzyme model V=
V max(1)S

(Km(1)+S)
+

V max(2)S

(Km(2)+S)
(2) 6-hydroxylation by human liver microsomes. However, data

from the rat was best fitted by a two enzyme model (curved
Eadie-Hofstee plots indicating the involvement of at leastwhere Km(1), Vmax(1) correspond to high affinity, low
two enzymes), which would indicate differences in thecapacity site and Km(2), Vmax(2) correspond to low affinity,
metabolism of chlorzoxazone in these two species.high capacity site.

Inhibition studiesInhibition studies

The inhibitory potentials of furafylline, sulphaphenazole, To assess the specificity of the cytochrome P450 inhibitors
in both rat and human liver microsomal preparations theirdiethyldithiocarbamate (DDC) and ketoconazole were

© 1998 Blackwell Science Ltd Br J Clin Pharmacol, 45, 107–114 109
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Table 1 Apparent Km and V max values for phenacetin O-deethylation, tolbutamide 4-hydroxylation, chlorzoxazone 6-hydroxylation and
testosterone 6b-hydroxylation in human and rat liver microsomal preparations.

Human liver microsomes Rat liver microsomes
Vmax CL int Vmax CL int

Substrate Km (mM)* (nmol mg−1 min−1) (ml mg−1 min−1) Km (mM) (nmol mg−1 min−1) (ml mg−1 min−1)

Phenacetin
High affinity 6.10±2.24 0.34±0.10 0.063±0.022 6.30±2.90 0.28±0.19 0.083±0.032
Low affinity 128±22 0.87±0.32 0.007±0.003 277±135 4.30±1.80 0.017±0.006

Tolbutamide 190±57 0.50±0.15 0.0031±0.002 540±115 1.55±0.55 0.0032±0.002
Chlorzoxazone

High affinity 59.2±5.7 1.93±0.49 0.032±0.010 31.6±9.8 0.49±0.05 0.017±0.006
Low affinity — — — 241±35 1.62±0.63 0.007±0.003

Testosterone 67.4±10.3 5.27±1.63 0.080±0.024 42.9±11.8 2.63±0.73 0.053±0.006

*Values represent the mean±s.d. (n=4 for human; n=3 for rat, except values for tolbutamide where n=6).

inhibitory potential against the activities of probe substrates microsomal incubations, ketoconazole inhibited testosterone
6b-hydroxylation with an IC50 value of 0.29 mm andwas evaluated (Figures 1 and 2).

The IC50 data (Table 2) and Figures 1a and 2a, indicate inhibited all other reactions with a roughly equal degree of
potency (Table 2, Figure 2d).furafylline to be a potent inhibitor of phenacetin O-

deethylase in human liver microsomes ( IC50=0.48 mm) but
a far less potent inhibitor in rat liver microsomes ( IC50= Discussion
20.8 mm). In rat liver microsomes furafylline also inhibited
tolbutamide 4-hydroxylation with equal potency ( IC50= It is clear from the present study that there are differences

in the kinetic parameters generated with the same substrates24.0 mm).
Sulphaphenazole was a highly selective inhibitor of in human and rat liver microsomes. This is highlighted with

chlorzoxazone metabolism. Although only one isoformCYP2C9-catalysed tolbutamide metabolism in human liver
microsomes and had little effect on any other CYP- appeared to be involved in this biotransformation in human

liver microsomal preparations, CYP1A1 has been previouslydependent reactions over the concentration ranges studied
(Table 2; Figures 1b and 2b). However, sulphaphenazole implicated at high substrate concentration; [22]. In addition,

other studies on chlorzoxazone metabolism by human liverdid not inhibit tolbutamide 4-hydroxylation in rat liver
microsomes. microsomes and heterologously expressed enzymes have

indicated that CYP3A4, is involved but with an identicalDDC, an alleged selective inhibitor of CYP2E1 inhibited
the metabolism of chlorzoxazone in human liver microsomes Km value [23]. At least two isoforms are involved in rat

microsomes (as evidenced by curved Eadie-Hofstee plots).( IC50=9.8 mm) but also inhibited the 6b-hydroxylation of
testosterone with an IC50 value of 35.5 mm (Table 2, Figures Jayyosi et al. [24] have previously reported that CYP2E1 is

not the sole catalyst for chlorzoxazone hydroxylation in the1c and 2c). In addition, DDC inhibited all CYP-mediated
reactions in rat liver microsomes in increasing order of rat as demonstrated by enzyme induction, kinetic and

immunoinhibition studies. These authors determined thatinhibitory potency phenacetin<testosterone<chlorzoxa-
zone<tolbutamide (Table 2). CYP3A was the high affinity component of this reaction

with CYP2E1 involvement at higher concentrations.Ketoconazole, a known selective inhibitor of
CYP3A4-mediated metabolism at low concentrations in When screening for specific CYP isoform involvement

in the metabolism of a drug, inhibition studies are oftenhuman liver studies, demonstrated a degree of inhibitory
selectivity against testosterone 6b-hydroxylation in human conducted with alleged isoform selective inhibitor probes.

As highlighted in this study, the effects of inhibitors are notliver microsomes ( IC50=0.04 mm) and inhibited the metab-
olism of phenacetin, tolbutamide and chlorzoxazone only at the same in rat and human. Inhibition of the metabolism of

a drug may arise as a consequence of a number ofmuch higher concentrations, with IC50 values of 60.0, 46.0
and >100 mm respectively (Table 2, Figure 1d). In rat liver mechanisms which include competition for the active site

Table 2 The effect of selective inhibitors on the metabolism of CYP probe substrates. IC50 values are the mean±s.d. (n=3 individual
livers).

Phenacetin Tolbutamide Chlorzoxazone Testosterone
IC50 (mM) IC50 (mM) IC50 (mM) IC50 (mM)

Inhibitor Human Rat Human Rat Human Rat Human Rat

Furafylline 0.48±0.23 20.80±4.4 >100 24.0±9.3 >100 >100 >100 >100
Sulphaphenazole >100 >100 0.14±0.04 >100 >100 >100 >100 >100
DDC >100 78.4±12.1 >100 12.5±7.8 9.8±5.1 31.5±8.3 35.5±9.2 56.6±12.0
Ketoconazole 60.0±12.7 4.0±1.8 46.0±7.2 1.3±1.0 >100 5.5±1.8 0.04±0.00 0.29±0.09

© 1998 Blackwell Science Ltd Br J Clin Pharmacol, 45, 107–114110
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Figure 1 The effects of a) furafylline, b) sulphaphenazole, c) DDC and d) ketoconazole on CYP-mediated reactions in human liver
microsomes. Values represent the mean of three determinations. 2 phenacetin O-deethylation; + tolbutamide 4-hydroxylation;
& chlorzoxazone 6-hydroxylation; $ testosterone 6b-hydroxylation.

of the enzyme, non-competitive interaction with the enzyme rat liver microsomes observed here must be due to
differences in the structure of CYP1A2 in these two species.or suicideinactivation of the enzyme. Boobis et al. [25] have

proposed three possible reasons for species differences in the The two orthologues are 75% homologous [27] which may
indicate differences in the active site geometry betweeneffects of chemical inhibitors of drug metabolism in vitro:

1) the active site is different amongst different species, human and rat orthologues of CYP1A2. Furafylline is a
non-competitive inhibitor of CYP1A2 mediated phenacetin2) metabolism is catalysed by different isoforms in

different species, O-deethylation [9], this is consistent with its mechanism
based mode of inhibition [8]. Lewis & Lake [26] have3) the inhibition is not via direct competition at the

active site, and the inhibitory site is different between modeled both rat and human CYP1A2 on the structure of
CYP102 and identified amino acid residues in the CYP1Athe species.

High affinity phenacetin O-deethylation is known to be active site which may be involved in substrate binding.
Differences were observed between the rat and humancatalysed by CYP1A2 in both man and rat [15, 26] and

therefore the 40-fold difference in the inhibitory potency of orthologues which may affect the binding of substrates and
inhibitors, including furafylline. Our results in human liverfurafylline against phenacetin O-deethylation in human and

© 1998 Blackwell Science Ltd Br J Clin Pharmacol, 45, 107–114 111
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Figure 2 The effects of a) furafylline, b) sulphaphenazole, c) DDC and d) ketoconazole on CYP-mediated reactions in rat liver
microsomes. Values represent the mean of three determinations. 2 phenacetin O-deethylation; + tolbutamide 4-hydroxylation; &
chlorzoxazone 6-hydroxylation; $ testosterone 6b-hydroxylation.

are in agreement with Sesardic et al. [9] who demonstrated magnitude greater in rabbit liver microsomes. Following
pretreatment of rats with phenobarbitone the authorsthat furafylline selectively inhibited CYP1A2 and had little

effect on CYP2D, CYP2C or CYP3A mediated metabolism. suggested a role for CYP2B1 and/or CYP2B2 in the
hydroxylation of tolbutamide. By site directed mutagenesisSulphaphenazole demonstrated potent, selective inhibition

of CYP2C9-mediated tolbutamide hydroxylation in human and cDNA expression studies, differences in the kinetics
of tolbutamide hydroxylation by seven CYP2C proteinsliver microsomes; this selectivity has been demonstrated

previously [28]. However, in rat liver microsomes, sulph- (including 2C8, 2C9 and variants and 2C10) have been
highlighted [28]. Sulphaphenazole was shown to inhibitaphenazole was much less potent at inhibiting tolbutamide

metabolism ( IC50 around 100 mm compared to 0.14 mm in CYP2C9/10 but had no inhibitory effect on CYP2C8.
Results from these authors indicated that subtle differenceshuman liver microsomes). Veronese et al. [7] have also

demonstrated differential inhibition characteristics of sulph- in the amino acid sequence of the CYP2C9/10 protein can
affect the functional specificity of the enzyme towardsaphenazole against tolbutamide metabolism in animal species,

with IC50 values being 10-fold higher in rat liver microsomes tolbutamide. An active site template for CYP2C9 has been
proposed based on a hydrogen donor/acceptor model andcompared with human microsomes and 3–4 orders of

© 1998 Blackwell Science Ltd Br J Clin Pharmacol, 45, 107–114112
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it was shown that sulphaphenazole would fit this model testosterone 6b-hydroxylation in human and rat liver
microsomes could be due to the involvement of other CYPalong with alleged CYP2C9 substrates including tolbutamide

and phenytoin [29]. It is apparent that sulphaphenazole isoforms in the rat. The constitutive 6ß-hydroxylase in male
rat liver is CYP3A2 [35] against which ketoconazole maypotently inhibits CYP2C9-mediated tolbutamide metab-

olism by binding to the active site and that differences in have altered inhibitory potency. Although other isoforms
have been shown to possess 6b-hydroxylase activity in thethe structure of the isoform responsible for tolbutamide

hydroxylation in rat liver alters its inhibitory propensity rat, including CYP1A1, CYP1A2 [36] and CYP2C11 [37],
this biotransformation fitted best to a one enzyme model.(with >50% activity remaining at 100 mm concentrations of

sulphaphenazole). Even though sulphaphenazole is a highly In conclusion, furafylline, sulphaphenazole and
ketoconazole are potent selective inhibitors of humanselective inhibitor of CYP2C9-mediated tolbutamide metab-

olism in man, it is apparent from the studies of Veronese CYP1A2, CYP2C9 and CYP3A4. DDC preferentially
inhibits CYP2E1-mediated metabolism in human liveret al. [7] that tolbutamide is metabolised by other CYP

isoforms in the rat against which sulphaphenazole has microsomes although with a lower degree of selectivity. It
is clear that these inhibitors do not exhibit the samealtered potency.

DDC inhibited all four CYP mediated reactions in rat selectivity in rat microsomal studies and this may lead to the
incorrect assignment of CYP involvement if rat liverliver microsomes ( IC50 30–80 mm) and actually inhibited

tolbutamide metabolism to a greater extent than chlorzox- microsomes are used as a model for human drug metabolism.
This may be due to differential selectivity of the inhibitorsazone metabolism. In human liver microsomes, DDC

inhibited testosterone 6b-hydroxylation in addition to between the two species, when the same isoform is
implicated in both (for example phenacetin O-deethylation)chlorzoxazone metabolism with only a three fold higher

concentration of DDC required to reach IC50. It has been or due to the involvement of completely different CYP
isoforms in the two species. Caution must be exercisedsuggested previously that DDC is a selective, mechanism

based inhibitor of CYP2E1-mediated metabolism in human when extrapolating the effects of inhibitors from rat to
human and making predictions concerning the involvementliver microsomes [11, 32]. However, Chang et al. [33]

screened DDC as an inhibitor probe against a panel of 10 of CYP isoforms.
individually cDNA expressed CYP isoforms, and at IC50

concentrations against chlorzoxazone metabolism, found that We are grateful to the Medical Research Council for
DDC inhibited CYPs 1A1, 1A2, 2A6, 2B6, 2C8, 3A3 and financial support.
3A4. Mechanism based inhibitors of CYP usually exhibit a
high degree of selectivity requiring metabolism by the target
enzyme to intermediates or products which then inactivate References
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