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▼ With poor pharmacokinetics (PK) account-
ing for over 50% of lead compound failure in
drug discovery and development, it is impor-
tant to identify as early as possible the likely
metabolic fate in Homo sapiens of new chemi-
cal entities (NCEs). Consequently, the predic-
tion of human PK represents an important
challenge to those engaged in drug discovery
and NCE development [1]. Of the four drug
properties that contribute to its overall PK
profile (i.e. absorption, distribution, metab-
olism and excretion, or ADME) it is metab-
olism that is possibly the most complicated
because of the number of enzymes involved,
including those of both Phase 1 and Phase 2
metabolism [2].

ADME: metabolism
This article focuses on the metabolism aspect
of ADME, although NCE failure can involve
toxicity and other adverse effects, both of
which could be related to P450 interactions [3].
In fact, a balance is usually required between
efficacy and overall PK in the development 
of a lead compound, such that a high thera-
peutic activity often has to be sacrificed in
favour of an optimal metabolic profile.
Consequently, application of the ‘rule of 5’ to
HTS programmes is likely to result in more
promising candidate drug structures because
high molecular weight (Mr >500) and highly

lipophilic (log P>5) compounds, together with
those containing more than five hydrogen-
bond donors and more than 10 hydrogen-
bond acceptors, will give rise to poor perme-
ability and poor dissolution properties [4].
Furthermore, a knowledge and understanding
of the P450 system can offer a means of accel-
erating the drug discovery process because the
metabolic profile of a lead compound is ex-
tremely important to its probable success in
clinical trials.

P450s represent the major Phase 1 enzymes
and the occurrence of polymorphic drug
metabolism [5,6] in human ethnogeographi-
cal populations, where genetic defects in
CYP2D6 and CYP2C19 appear to have domi-
nant roles, implies that careful design or re-
design of drug candidates is required to avoid
compound lead failure caused by undesirable
P450 isoform selectivity. Consequently, it is
of great relevance to drug discovery to iden-
tify at an early stage in NCE development the
likely P450 enzymes involved in compound
metabolism, together with possible sites of
metabolism in the relevant chemical con-
cerned. Here, we will outline the structural
criteria that govern substrate selectivity to-
ward human P450s, and demonstrate how
substrate characteristics and mode of binding
to the enzymes can facilitate estimation of
binding affinity, which can be employed in
drug screening programmes.

The P450 superfamily 
It is established that ∼ 90% of the Phase 1
metabolism of drug substrates is mediated by
one or more of the cytochromes P450; these
constitute a superfamily of heme-thiolate
enzymes, which catalyze primarily mono-
oxygenase reactions involving a two-stage re-
duction of molecular oxygen and subsequent
single-oxygen atom insertion into substrate
molecules, although reductive metabolism is
also known [7–15]. Human P450 enzymes of
families CYP1, CYP2 and CYP3 are associated
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with the majority of drug oxidations in man [7]. Table 1
shows that the CYP3A, CYP2D and CYP2C subfamilies
catalyze most of these oxidations, with those of CYP1A,
CYP2A, CYP2B and CYP2E being of lesser importance [7,16].
There is a good correlation between the percentage in-
volvement in drug oxidations and the average percentage
of total P450 complement for human P450 enzymes, pro-
vided that the major polymorphic forms CYP2D6 and
CYP2C19 are excluded [17]. The reason why CYP2D6 is an
outlier, in this respect, is because, although it represents a
relatively minor component of the total hepatic P450 com-
plement, many drugs contain a basic nitrogen atom that 
is protonatable at physiological pH and, consequently, are 
liable to act as CYP2D6 substrates.

To identify substrate SARs within the human P450s
[10,18–23], which oxidatively metabolize drug substrates,
we have collated extensive information from the literature
[7]. This is in the form of Km values for selective P450 sub-
strates, together with assimilating physicochemical and
other data, such as hydrogen bond-forming potential, to
analyze the likely aspects of enzyme selectivity so that
P450 substrates can be readily identified from their struc-
tural characteristics. In the case of the substrates for
CYP2D6 and CYP3A4, we have generated KD values spec-
troscopically [24] and these are preferable to Km values in
obtaining measurements of substrate-binding affinity;
however, Bauer et al. [25] have shown that ∆Gbind can be
calculated directly from Km. Moreover, in many examples
of P450 substrates KD ≅ Km, albeit with some exceptions,
and Km values are widely reported in the literature [7].
Furthermore, we have used these datasets of potential de-
scriptors to formulate quantitative SARs (QSARs), which

indicate the main contributions to substrate binding for
each major human P450 isoform [24,26–28]. In some cases,
the number of active site hydrogen bonds formed between
substrate and enzyme has been evaluated from homology
modelling of the relevant P450 from the CYP102 structural
template [28]. More recently, human P450s have been
modelled using the CYP2C5 crystal structure [29] and 
this represents an advance on previous studies, which 
employed bacterial forms of the enzyme because of the 
improved sequence homologies between CYP2C5 and the
drug-metabolizing P450s (30–80%) [30,31]. In addition, we
have also investigated the factors determining the rates of
P450-mediated reactions and the QSARs generated from
these studies have been reported recently [32]. Further 
improvements to the QSAR analyses could be achieved by
consideration of the possibility of alternative mechanisms
for P450-mediated metabolism, whereas molecular dynam-
ics simulation of P450-substrate binding could prove im-
portant for elucidating the processes involved in molecular
recognition and selectivity.

Characteristics of human P450 substrates
Table 2 presents information on various P450 substrate
characteristics, including their log P ranges and average log
P values, although the extent of compound ionization at
physiological pH will modify these, such that the distri-
bution coefficients at pH 7.4 (log D7.4 values) are also im-
portant physicochemical properties [23]. Compilation of
various parameters for substrates of human P450 enzymes
associated with drug metabolism [24] enables the formula-
tion of structural criteria governing human P450 selectivity
[33] and, furthermore, aids the analysis of QSARs for 

Table 1. Typical substrates and inhibitors of human cytochromes P450

CYP Involvement in drug
oxidations (%)

Typical marker substrate Km (µµµµM) Selective inhibitor Ki or Km (µµµµM)

1A2 8.2 Caffeine 180 Furafylline 0.7

2A6 2.5 Coumarin 2.1 8-Methoxypsoralen 0.5

2B6 3.4 4-Trifluoromethyl 7-ethoxycoumarin 2.9 Orphenadrine 30

2C8 15.8 Rosiglitazone 10 Sulfinpyrazone 17

2C9 Tolbutamide 132 Sulfaphenazole 0.2

2C19 8.3 Omeprazole 8.6 Fluconazole 2

2D6 18.8 Propranolol 2.73 (KD) Quinidine 0.06

2E1 4.1 Benzene 25 Pyridine* 0.4

3A4 34.1 Erythromycin 1.8 (KD) Ketoconazole 0.1

CYPs 3A4, 2D6 and the CYP2C subfamily are responsible for the majority of drug oxidations mediated by human CYPs. Several widely used marker substrates and
inhibitors for these enzymes are shown in this table and reflect the range of Km and Ki values which have been reported.
*It has been reported [48] that 3-amino-1,2,4-triazole is a selective inhibitor for CYP2E1 but its Ki value of 10mM suggests that it does not exhibit particularly high
binding affinity towards this enzyme. Km = Michaelis constant for substrate metabolism (µM). See references: [7,10,45,49,50].



substrate binding affinities towards individual P450 
enzymes [24,26,34,35].

There are several factors that appear to contribute to sub-
strate-binding affinity towards P450 enzymes, and these are
listed in Table 3 [15,28]. Based on analyses of many series of
P450 substrates, it can be shown that desolvation of the ac-
tive site and hydrogen-bond formation with key amino acid
residues lining the heme pocket represent the major factors

governing P450 substrate-binding affinity [34–36]. In most
cases, the results of QSAR analysis (summarized in Table 4)
tend to agree with information derived from molecular
modelling of enzyme–substrate interactions for the human
P450s concerned [34]. Furthermore, several key amino acid
residues present in the putative active sites of these en-
zymes have been the subject of site-directed mutagenesis
(SDM) experiments, the results of which are largely con-

sistent with the homology modelling
studies [15,30]. In some cases, the num-
ber of compounds analyzed in a set is
somewhat less than ideal. However,
fewer variables are nevertheless able to
provide satisfactory correlations with
affinity. Also, we have found that it 
is possible to combine these datasets 
to encompass, for example, an entire
CYP2 family. Interestingly, log P and
the numbers of hydrogen bonds and
π–π stacking interactions give good cor-
relations with binding affinity for
70–90 compounds, especially when the
number of rotatable bonds is included
in the analysis.

Tables 5–7 present the relevant
physicochemical properties and bind-
ing data for substrates of CYP1A2,
CYP2B6 and CYP3A4, whereas Fig. 1 in-
dicates how a decision tree approach
[33] might be employed in the dis-
crimination analysis of various P450
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Table 2. A summary of physicochemical and other characteristics of human P450 substrates

CYP log P range Average
log P

Other characteristics

1A2 0.01 to 3.61 2.146 (14) Planar molecules, neutral or basic in character

2A6 0.07 to 2.88 1.717 (10) Diverse, relatively small neutral or basic molecules usually containing one aromatic ring

2B6 0.23 to 4.75 2.423 (10) Angular, medium-sized neutral or basic molecules with 1–2 hydrogen bond
  donor/acceptor atoms

2C8 –0.36 to 4.75 3.688 (12) Relatively large, elongated molecules, mostly either acidic or neutral in character

2C9 1.58 to 5.18 3.345 (10) Medium-sized acidic molecules with 1–2 hydrogen bond acceptors

2C19 1.49 to 3.37 2.357 (12) Medium-sized molecules, mostly basic with 2–3 hydrogen bond acceptors

2D6 0.75 to 5.04 3.031 (12) Medium-sized basic molecules with protonatable nitrogen 5–7Å from site of metabolism

2E1 –1.35 to 2.83 1.103 (14) Relatively small neutral molecules, structurally diverse in character

3A4 1.00 to 5.04 2.783 (10) Relatively large, structurally diverse molecules

CYP substrates are typically lipophilic as shown by their log P values. However, typical substrates of the various CYP isozymes have other characteristics including
other physicochemical properties, size and shape which discriminate between the CYPs. These properties can be used as a guide to indicate which CYP(s) might be
involved in the metabolism of these substrates. The numbers in parentheses refer to the number of compounds evaluated in each class of P450 substrates. The
average log P value is frequently found to correspond with a selective substrate or inhibitor of the enzyme concerned. log P is the logarithm of the octanol–water
partition coefficient. See references [23,28].

Table 3. Contributions to binding affinity (∆∆∆∆Gbind)

Type of process Energy (kcal. mole–1)

Ionic interactions – 4.5 (average or typical value)

Hydrogen bond interactions – 2.0 (average or typical value)

π–π stacking interactions – 0.9 (based on six-membered ring

   overlaps)

Desolvation processes during binding – 0.025SA (or -0.425 Vol)

Loss in T and R freedom on binding + log Mr

Loss in bond rotational freedom on binding + 0.6 per bond

Several factors contribute to the binding affinity of compounds for different CYPs. The binding energy can
be calculated by summing the energy terms described in the equation for each CYP – substrate pairing.
The total expression for overall binding energy can be presented as follows:
∆Gbind = ∆Gionic + ∆Ghbond + ∆G π–π + ∆Gdesolv + ∆GT+R + ∆Grotors

∆Gionic = Ionic interaction energy
∆Ghb = Hydrogen bond energy
∆Gπ–π = π–π Stacking energy
∆Gdesolv = Desolvation energy
∆Grotors = Loss in rotational bond energy on binding
SA = Surface area of solvent accessible (Connolly) surface
Vol = Volume of solvent accessible (Connolly) surface
∆GT+R = Translational and rotational energy
Mr = Relative molecular mass
The first three terms are enthalpic in nature, whereas the latter three represent entropic terms.
See references [15,28,34].
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substrates from families CYP1, CYP2
and CYP3. We have also found that a
minimum of five structural descriptors
are required for differentiating (with a
92% correlation) between 48 P450 sub-
strates from subfamilies CYP1A, CYP2A–E
and CYP3A [33] containing six com-
pounds in each group. In particular, the
variables employed for producing a 
satisfactory discrimination (there were
only 8% compounds incorrectly as-
signed) between the substrates investi-
gated were: area/depth2, surface area,
log D7.4, pKa and ELUMO; the last quantity
being able to differentiate CYP2C19
substrates from those of CYP2D6.

In addition, QSAR analyses can be
conducted on human P450 substrates
[24,26,27,32,37–40] such that the 
activity of untested compounds can be 
predicted from the relevant QSAR 
equation. In this respect, there is usually
close agreement between modelling of
the enzymes and QSAR findings [30,37].
However, it is also possible to derive 
values for the binding affinity of P450
substrates based on a combination of
the various contributions to the overall
binding to the enzyme involved [30].
This involves the use of log P to estimate the desolvation
energy, which accompanies substrate binding, together
with consideration of the number of active site contacts in
the form of hydrogen bonding and π–π stacking interac-
tions. For >20 substrates of P450s from the CYP2 family it
is possible to estimate values for their binding affinity,
which gives a 98% agreement with experimental data [30],
thus demonstrating the use of modelling P450–substrate
interactions for evaluating Phase 1 drug metabolism in
man.

Modelling and HTS
It is apparent from the results of extensive QSAR analyses
of many substrates of human cytochromes P450 that 
certain substrate structural descriptors are relevant to
particular P450 enzyme binding characteristics. In addi-
tion, it would appear that hydrogen bonding within the
P450 active site region is important in all cases, irrespec-
tive of the human P450 enzyme concerned. However, it 
is the location and disposition of these hydrogen-bond 
formations that are likely to govern substrate selectivity 
towards human P450s, and further work should elucidate

these factors in more detail. In particular, homology mod-
elling of human P450s involved in drug metabolism can
assist in rationalizing the structural criteria for enzyme se-
lectivity, and the recently available crystallographic coor-
dinates of the mammalian P450, CYP2C5, is proving to be
particularly useful in this respect [30]. It would appear that
P450s discriminate between substrates on the grounds of
various physicochemical properties and structural factors.
For example, CYP1A2 substrates (Table 5) tend to be rela-
tively planar molecules of medium size, usually with ∼ 2 or
3 fused aromatic rings in the structure and potential hy-
drogen-bond acceptor atoms (2–3 acceptors are common)
located at a key distance from the observed sites of metab-
olism. By contrast, CYP2B6 substrates (Table 6) possess
generally non-planar molecules, whereas those of CYP3A4
(Table 7) are structurally diverse.

Generally, a compound is not specifically designed to be
a substrate of a particular P450 unless it is desirable to pro-
duce a diagnostic probe chemical for analytical purposes.
However, it might be important to ‘design-out’ selectivity
towards CYP2D6 or CYP2C19, for example, as these en-
zymes are associated with polymorphic drug metabolism.

Table 4. A summary of QSARs for human P450 substrates

CYP Descriptors Number of
compounds

Correlation Binding data

1A2 Site
HBN , µ, ∆E, l/w 11 0.97 Km

2A6 Site
HBN , log P 6 0.97 Km

2B6 Site
HBN , HBD, HBA 10 0.97 Km

2C9 HBD, pKa, log P, log D7.4 8 0.99 Km

2C19 HBD, log P, Mr, log Mr 8 0.99 Km

2D6 Site
HBN , Site

-N ππ , Mr, log Mr 10 0.94 KD

2E1 Site
HBN , Site

-N ππ , Mr, log Mr 10 0.99 Km

3A4 Site
HBN , Site

-N ππ , EL, EH 10 0.96 KD

The electrostatic, electronic and physicochemical descriptors which best describe the binding data to
human CYPs using quantitative SAR (QSAR) analysis are shown in this table. The parameters which occur
most frequently across the binding interactions are log P, log Mr and the number of hydrogen bonds,
although other parameters are also seen to be important. There is a high degree of correlation between
experimentally derived values for binding affinity and those calculated using the relevant QSAR equation
using the terms for the relevant CYP indicated here [26].

Site
-N ππ = Number of π–π stacking interactions in the active site

Site
HBN = Number of hydrogen bond interactions in the active site

µ = Dipole moment
EL,H = Energy of the lowest unoccupied and highest unoccupied MOs, respectively
∆E = EL – EH

l/w = Ratio of molecular length and width
log P = Logarithm of the octanol–water partition coefficient
HBD,A = Number of hydrogen bond donors or acceptors in the molecule, respectively
pKa = Negative logarithm of the acid–base dissociation constant
log D7.4 = Logarithm of the distribution coefficient at pH7.4
Km = Michaelis constant for substrate interaction with the relevant P450 enzyme (µM)
KD = Enzyme-substrate dissociation constant (µM)
See references [23,24,26].



Usually, CYP3A4-mediated reactions are regarded as more
acceptable for a lead compound than either CYP2D6 or
CYP2C19, for example, although potent inhibition or in-
duction of CYP3A are generally regarded as undesirable
properties because of the possibility of adverse reactions
including toxic effects. Sometimes, a lead compound can
be readily redesigned to avoid selectivity for CYP2D6 or
CYP2C19, and it is probably beneficial for the candidate
drug to be metabolized by more than one P450 so that
saturation of a particular pathway is unlikely to occur, as
this could lead to adverse drug reactions (ADR). Although
the derivation of separate algorithms for therapeutic target
properties and P450 selectivity in HTS could be used to
drive novel compound design by facilitating parallel com-
binatorial synthesis, it is also important to emphasize that
P450 enzymes themselves can be regarded as therapeutic
targets, such as the aromatase enzyme (CYP19) for the 
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Table 5. Data for selected CYP1A2 substrates

Compound log P pKa log D7.4 Mr Km (µµµµM) ∆∆∆∆Gbind

1 Caffeine 0.01 neutral 0.01 194.22 180 – 5.3118

2 PhIP 2.23 8.69b 0.92 224.29 55 – 6.0422

3 7-Methoxyresorufin 3.15c neutral 3.15c 227.23 0.21 – 9.4577

4 Phenacetin 1.57 neutral 1.57 179.24 48 – 6.1260

5 IQ 1.84 9.18b 0.06 198.25 33 – 6.3568

6 MeIQ 2.40c 9.77b 0.06c 212.28 13 – 6.9307

7 4-Aminobiphenyl 2.86 4.61b 2.86 169.24 30 – 6.4156

8 7-Ethoxyresorufin 3.61c 9.85b 1.19c 241.26 1.7 – 8.1839

9 Aflatoxin 2.20c neutral 2.20c 312.29 31 – 6.2231

10 Theophylline 1.40c 8.8b -0.02 180.2 455 – 4.7405

11 Tacrine 2.71 9.8b 0.46 198.27 14 – 6.8851

12 Estradiol 2.69 neutral 2.69 272.37 20 – 6.6653

13 Acetanilide 1.16 neutral 1.16 135.16 N/A N/A

14 Zoxazolamine 2.21 neutral 2.21 168.58 N/A N/A

The relevant physicochemical properties and binding data for several CYP1A2 substrates are shown. The data cover a range of substrates with differing affinities for
CYP1A2 and the binding energy (∆Gbind) values are calculated from the experimental Km data. CYP1A2 substrates are typically relatively planar molecules of
intermediate size. b = basic; c = calculated value N/A = data not available; IQ = 2-amino-3-methylimidazo-[4,5-f]quinoline; MeIQ = 4-methyl IQ; PhIP = 2-amino-1-
methyl-6-phenylimidazo[4,5-b]pyridine; ∆Gbind = RTlnKm; Km = Michaelis constant for substrate metabolism (µM).

pKa

Drug Discovery Today 

CYP1, CYP2 and CYP3
substrates

CR<12 CR>12 CYP2, CYP3 substrates
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Medium volume
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CYP2 and CYP3
substrates

CYP2E substrates
CYP3 substrates

CYP2A, B, C and D substrates

log P

Weakly acidic Weakly basic

Neutral
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Figure 1. A decision tree approach for evaluating P450 substrate
selectivity. This approach is a method for predicting the likely
cytochrome P450 (CYP) specificity for potential substrates of these
enzymes. The overall size and shape of a molecule is important in
defining CYP substrate selectivity. A combination of area/depth2 and 
∆E (the COMPACT or CR ratio; CR = [(a/d2 − 15)2 + ∆E − 7) 2]) will
differentiate between CYP1A substrates and those of other CYPs. The
volume (or collision diameter) can then separate CYP2E substrates
(typically small volume) and CYP3A substrates (typically large volume)
from those that interact preferentially with CYPs 2A–D. Physicochemical
properties, such as log P, pKa and acidity/basicity, are important for
discriminating between substrates of CYPs 2A–D.
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design of antitumour agents [41].
Moreover, the same physicochemical
characteristics (e.g. lipophilicity) could
be relevant for increasing compound
potency towards the target and for
binding to P450 enzymes [42].

Conclusions
As far as human P450s are concerned,
we point to the finding that crucial 
factors for substrate binding include
molecular size and shape, number and
disposition of hydrogen bond donor/
acceptor atoms and aromatic rings in
the molecule and, in some cases, the
possession of a basic or acidic grouping.
These give rise to P450 enzyme selectiv-
ity and determine the route of metab-
olism, as there is usually a key distance
in the substrate molecule between a site
of interaction with the enzyme (e.g. hy-
drogen bond donor/acceptor atom or
charged grouping) and the position
where metabolism, usually oxidation,
occurs. Molecular modelling of sub-
strate–inhibitor interactions with P450 
active sites can help to explain selectiv-
ity, route of metabolism and, in some
cases, even enantioselectivity. The re-
sults of molecular modelling of human
P450s usually agree closely with the re-
ported findings of SDM experiments,
and this adds confidence to the model-
building process, together with provid-
ing a degree of validation for the models
themselves [30].

A clear relationship bet ween com-
pound lipophilicity and binding affinity
can sometimes be discerned for substrates
of a given P450. For example, 10 struc-
turally diverse CYP2B6-selective compounds (see Table 6)
covering a wide range of affinity towards the enzyme ex-
hibit a good correlation between partitioning free energy,
∆Gpart, and binding free energy, ∆Gbind, according to Eqn 1:

∆Gbind = 0.871 ∆Gpart – 2.447 (±0.062)         [Eqn 1]

n = 10; s = 0.3256; R = 0.98; R2 = 0.96; F = 197.1
where n is the number of points, s is the standard error, 
R is the correlation coefficient, R2 is the determination 
coefficient and F is the variance ratio.

Outliers to such lipophilicity relationships tend to show
additional hydrogen bond-forming capabilities or possess a
greater number of rotatable bonds than those of most sub-
strates. Consequently, these factors all need to be taken into
account for a full description of P450 binding affinity. It can
be demonstrated that a combination of log P, number of
hydrogen bonds formed on binding, number of π–π stack-
ing interactions formed and number of rotatable bonds
restricted on binding correlates closely with ∆Gbind for
>20 P450 substrates, within the CYP2 family of enzymes,
with an R2 = 0.96 [30]. These considerations might also be

Table 7. Data for selected CYP3A4 substrates

Compound log P pKa log D7.4 Mr KD (µµµµM) ∆∆∆∆Gbind

1 Amitriptyline 5.04 9.4b 2.50 227.30 348 – 4.7474

2 Budesonide 3.28 neutral 3.28 430.60 6.4 – 7.1296

3 Etoposide 1.00 neutral 1.00 588.60 23.2 – 6.3618

4 Midazolam 1.53 neutral 1.53 325.80 8.8 – 6.9398

5 Phenacetin 1.57 neutral 1.57 179.24 9.1 – 6.9198

6 Verapamil 3.79 8.29b 2.85 454.60 3.5 – 7.4894

7 Ethynylestradiol 2.11 neutral 2.11 296.40 6.5 – 7.1204

8 Testosterone 3.32 neutral 3.32 288.43 21.7 – 6.4017

9 Erythromycin 2.48 8.8b 1.06 733.90 1.8 – 7.8858

10 Salmeterol 3.71 9.3b 1.80 415.60 165 – 5.1923

The relevant physicochemical properties and binding data for several 3A4substrates are shown. The data
cover a range of substrates with differing affinities for CYP3A4 and the binding energy (∆Gbind) values are
calculated from the experimental KD data. CYP3A4 substrates show the greatest diversity in their properties
and are typically large, lipophilic molecules. b = basic; ∆Gbind = RTlnKD; KD = Dissociation constant (µM) for
substrate binding to the enzyme.

Table 6. Data for selected CYP2B6 substrates

Compound log P pKa log D7.4 Mr Km (µµµµM) ∆∆∆∆Gbind

1 7-Benzyloxyresorufin 4.75c 10.22b 1.98c 303.33 1.28 – 8.3587

2 4-Trifluoromethyl 3.31 neutral 3.31 242.21 2.9 – 7.8549

  7-ethoxycoumarin

3 Testosterone 3.32 neutral 3.32 288.43 50.5 – 6.0947

4 Benzphetamine 2.27e 6.6b 2.21c 239.35 93.4 – 5.7159

5 7-Ethoxycoumarin 2.30 neutral 2.30 190.21 115 – 5.5878

6 Diazepam 2.86 3.7b 2.82 284.80 113 – 5.5986

7 Bupropion 2.54 8.35b 1.54 239.77 107.5 – 5.6293

8 S-Mephenytoin 1.74 8.1b 0.96 218.28 564 – 4.6082

9 SM-12502 1.06 4.46b 1.02 208.30 1767 – 3.9047

10 Antipyrine 0.23 neutral 0.23 188.25 17700 – 2.4852

The relevant physicochemical properties and binding data for several 2B6substrates are shown. The
data cover a range of substrates with differing affinities for CYP2B6 and the binding energy (∆Gbind) values
are calculated from the experimental Km data. CYP2B6 substrates are typically non-planar molecules.
b = basic; c = calculated value; e = estimated value; ∆Gbind = RTlnKm; Km = Michaelis constant for substrate
metabolism (µM).
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applicable to the therapeutic target enzyme or protein, thus
leading to a parallel methodology for HTS of drug candi-
dates for optimum efficacy and drug metabolism and PK
(DMPK) profiles. However, the rate of a compound’s meta-
bolic clearance could depend on further factors, which have
not been considered so far, although it is likely that lipophilic
character will have an important role, possibly in combi-
nation with molecular electronic properties [32].

It is believed that an application of these principles
could lead to improved drug discovery programmes, result-
ing in better products that are likely to be tailored to meet
the requirements of genetically diverse human popula-
tions. Consequently, an understanding of the complexities
of human P450 enzymes [43,44] can provide accelerated
lead times for the design of safer medicines in the future,
provided that such considerations become successfully 
incorporated into HTS programmes [45–47].
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