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Abstract
With homology modeling techniques, a 3D structure model of CYP2C19 was built and refined with molecular mechanics and molecular
dynamics simulations. The refined model was assessed to be reasonable by Profile-3D and PROCHECK programs. With the aid of the automatic
molecular docking, one substrate and two inhibitors were docked to CYP2C19 by InsightII/Affinity program. The docking results, which are in
well agreement with the reported results, demonstrate that the refined model of CYP2C19 is reliable. Then, with the refined model of CYP2C19
and the crystal structure of CYP2C9, the metabolisms of them for gliclazide in two different metabolic pathways were studied and the results
show that both enzymes have more favorable interaction energies and stronger affinity with gliclazide in methylhydroxylation pathway than in
6b-hydroxylation pathway. It is exciting that substrate inhibition phenomenon can be found in metabolisms of CYP2C9 and CYP2C19 for
gliclazide in two metabolic pathways. Gliclazide can change the conformation of the active sites and decrease obviously the affinities between
gliclazide in the active site and enzymes when it is docked in the second active sites in CYP2C9 and CYP2C19. These results are in well
agreement with the kinetic experimental results.
� 2008 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Diabetes is characterized by disrupted insulin production
and sensitivity, leading to high blood glucose and a series of
complications, for example, renal dysfunction, neuropathy
and cardiopathy [1e4]. Type 2 diabetes mellitus, as a progres-
sive, chronic disease, is characterized by insulin resistance,
causing a decrease in transport of glucose into fat and muscle
cells, and by a decrease in insulin secretion from the pancreas
[5,6]. The most frequently used initial pharmacological agent
is metformin. Metformin works as an insulin sensitizer,
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predominantly by reducing glucose production from the liver
[7], but its monotherapy often fails to maintain suitable
glucose control for the long term [8]. Therefore, metformin
with more than one agent, such as sulfonylurea, is used to
keep successful control during the progressive course of the
disease [9]. Gliclazide, 1-(4-methylbenzenesulfonyl)3-(3-
azabicyclo[3.3.0]octyl)urea, is a second-generation sulfonyl-
urea which is widely used in the treatment of type 2 diabetes
as oral hypoglycaemic agent [10,11]. It is reported that glicla-
zide has similar efficacy to other sulfonylureas but has a lower
risk of hypoglycaemia [12,13]. Gliclazide is extensively
metabolized in humans, with only minor level of the
unchanged drug detected in the urine samples. Two principal
observed metabolites, resulting from oxidation of the methyl
group, were methylhydroxygliclazide and carboxygliclazide,
representing >30% of the urinary drug-related products.
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Oxidation of the azabicyclooctyl ring was also confirmed with
6b-hydroxygliclazide being the major representing 11% of the
urinary products [14,15]. The two major metabolic pathways
of gliclazide are listed in Fig. 1.

Park et al. suggested that gliclazide may be metabolized by
CYP2C9 [16]. Zhang et al. reported that the pharmacokinetics
of gliclazide MR is affected mainly by CYP2C19 genetic
polymorphisms [17]. However, no detailed study has been per-
formed to identify P450s involved in the hydroxylation of gli-
clazide. In this paper, homology modeling and automated
molecular docking were performed to investigate metabolism
of CYP2C9 and CYP2C19 for gliclazide.

2. Theory and methods

All simulations were performed on the SGI O3800 worksta-
tion using InsightII software package developed by Accelrys
[18].
2.1. 3D model building of CYP2C19
The homology module [19] was used to build the initial
model of CYP2C19 with the crystal structure of CYP2C9
(PDB code: 1R9O) [20] as the template. There are 92% amino
acid sequence identity and 96% sequence similarity between
CYP2C9 and CYP2C19 [21]. After 300 steps of conjugate
gradient (CG) minimization, molecular dynamics (MD) simu-
lation was performed to examine the quality of the model
structure via 800 ps with the step size of 1 fs at a constant
temperature 298 K. An explicit solvent model TIP3P water
was used, and the homology solvent model was constructed
with a 20 Å water cap from the center of mass of CYP2C19.
Finally, a conjugate gradient energy minimization of full
protein was performed until the root-mean-square (RMS) gra-
dient energy was lower than 0.001 kcal mol/Å. All simulations
mentioned above were accomplished without any constraint
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Fig. 1. The major metabolic pathways of gliclazide.
under the consistent-valence force field (CVFF) by Discover3
software package [22]. The active site of CYP2C19 was not
given any special treatment during homology modeling and
molecular dynamic simulations. The optimized structure was
checked by Profile-3D module [23] and PROCHECK program
[24], respectively, to identify the reliability.
2.2. Flexible docking
Affinity [25], which uses a combination of Monte Carlo
type and Simulated Annealing (SA) methods, is a suite of
programs for automatically docking a ligand to a receptor in
InsightII software package. A key feature is that the ‘‘bulk’’
of the receptor, defined as atoms not in the binding site spec-
ified, keeps rigid during the docking process, while the binding
site atoms and ligand atoms are movable. By means of the 3D
structures of the ligands which were built and optimized
through the InsightII/Builder program, the automated molecu-
lar docking was performed by using docking program Affinity.
The potential function of the complexes was assigned by using
the consistent-valence force field (CVFF) and non-bonding
interaction was dealt with the cell multipole approach. To
account the solvent effect, the centered enzymeeligand
complexes were solvated in a sphere of TIP3P water
molecules with radius 10 Å. The whole complex structure is
further refined by energy minimization with 1000 steps. This
provides 10 structures from SA docking and their generated
conformations are clustered according to RMS deviation.
The global structure with lowest energy is chosen for comput-
ing intermolecular binding energies. The docked complex of
the receptor with the ligand is selected by the criteria of inter-
acting energy combined with the geometrical matching quality
and Ludi score. In general a higher Ludi score represents
a higher affinity and stronger binding of a ligand to the recep-
tor. Thus, for the complex structure, the Ludi program is used
to character the affinity and the binding preference of a ligand
to the receptor.
3. Results and discussion

The cytochrome P450 proteins represent a superfamily of
heme-containing oxidative enzymes which are responsible
for the metabolism of a structurally diverse range of drugs
[26]. Heme can activate molecular oxygen and yielding water
and an activated iron-oxygen species, which reacts with
substrates through a variety of mechanisms [27]. As two major
isoforms, CYP2C9 and CYP2C19 are highly conserved and
exhibit 92% amino acid sequence identity and 96% sequence
similarity [21]. Although only 43 of 490 amino acids differ
between CYP2C9 and CYP2C19, they have different substrate
selectivity and/or different regio-selectivity for some common
substrates [28]. The crystal structure of CYP2C9 was reported
by Wester et al. in 2004 [20], but no report is found about the
crystal structure of CYP2C19. So, we need to build 3D
structure model of CYP2C19 at first.



Fig. 2. The 3D structure of CYP2C19. Heme is represented by pink color, the

a-helix is represented by red color, the b-sheet is represented by yellow color.

(For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

Table 1

The docking results of NBPB and NBN to CYP2C19

Ludi score Ki value

(theoretical) (mM)

Ki value

(experimental) (mM)

NBPBeCYP2C19 403 93 79

NBNeCYP2C19 363 231 250

The Ludi/InsightII module is used to calculate Ludi score; the theoretical Ki

value is calculated by the relation between Ludi score and dissociation

constant Ki (M). Ludi score¼�100 log Ki. The experimental Ki value is

reported by Suzuki et al. [29].
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3.1. 3D structure of CYP2C19
The initial 3D structure model of CYP2C19 was obtained
by using homology method and the structural optimization
was performed by using molecular mechanics and molecular
dynamics simulations. After 500 ps of dynamics simulation,
the equilibration was reached. The conformation with the
lowest energy after the equilibration is chosen to be the final
one and shown in Fig. 2. When measured by the Profile-3D
method, the self-compatibility score is calculated to figure
the compatibility of an amino acid sequence with the known
3D protein, and this is especially useful in the final phase of
the protein structure modeling. The higher the score, the
greater the compatibility between the structure and the amino
acid sequence is. The self-compatibility score for CYP2C19 is
187, which is higher than the low score 96 and close to the top
score 201. The PROCHECK program is used to check the ste-
reochemical quality of a protein structure within the allowed
Ramachandran region. The result is that 79% of residues in
the 3D structure of CYP2C19 lie in the most favored regions,
and only 0.09% of residues lie in disallowed regions of the
Ramachandran plot. The results about Profile-3D and
PROCHECK programs mean that 3D structure model of
Fig. 3. Chemical structures of (S )-mephenytoin, N-3-benzyl-nirvanol (NBN)

and N-3-benzyl-phenobarbital (NBPB).
CYP2C19 is very reasonable. In order to identify farther the
reliability of the conformation of the active site in CYP2C19
model, the automated molecular docking was performed by
using docking program InsightII/Affinity of the substrate
(S )-mephenytoin, and the inhibitors (þ)-N-3-benzyl-nirvanol
(NBN), (�)-N-3-benzyl-phenobarbital (NBPB) (chemical
structures of them are shown in Fig. 3) for CYP2C19. The
active site of CYP2C19 has been reported by Oda et al. [29]
and Lewis [30]. The docking result of (S )-mephenytoin
indicates that (S )-mephenytoin is located near the heme iron
and surrounded by some hydrophobic residues such as
Val113, Ile205, Ala292, Ala297, Leu366, and Phe476.
Phe476 and Ala297 are located nearby the phenyl ring of
(S )-mephenytoin. These are consistent with the results of
Tsao et al. [28] and Oda et al. [29]. The results of the inhibi-
tors NBN and NBPB listed in Table 1 are in well agreement
with the experimental results by Suzuki et al. [31]. So we think
that the conformation of the active site in CYP2C19 model is
reliable.
3.2. Docking of gliclazide to CYP2C9
The two CYP2C9egliclazide complexes 1 and 2
were generated by using the InsightII/Affinity module and
the structures are shown in Fig. 4. In both complexes,
Fig. 4. An overlap of docking results of CYP2C9. Gliclazide in the CYP2C9e

gliclazide complex 1 and 2 is represented by red and yellow color, respec-

tively. In the CYP2C9egliclazide complex 1, one hydrogen bond is formed

between gliclazide and Arg108, the bond distance is 2.11 Å and the bond angle

is 164.41�. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)



Table 2

The total energy (Etotal), van der Waals energy (Evdw), and electrostatic energy

(Eele) between gliclazide and individual residues in both CYP2C9egliclazide

complexes (Etotal<�2.00 kcal/mol)

Residue Evdw Eele Etotal

CYP2C9egliclazide complex 1

Enzyme �42.02 �7.36 �49.38

Heme �8.00 �1.46 �9.46

Phe114 �4.82 �1.21 �6.03

Gly296 �2.64 �2.90 �5.54

Arg108 �2.15 �1.32 �3.47

Val113 �2.83 �0.30 �3.13

Phe100 �3.08 0.50 �2.58

Asn204 �0.99 �1.49 �2.48

Ile205 �2.24 0.16 �2.08

Phe476 �1.98 �0.08 �2.06

CYP2C9egliclazide complex 2

Enzyme �51.14 �5.53 �56.67

Heme �9.40 �0.55 �9.95

Phe476 �4.51 �0.35 �4.86

Leu208 �3.30 �1.45 �4.75

Gly296 �2.52 �1.84 �4.36

Phe114 �4.18 �0.01 �4.19

Ile205 �2.62 �0.43 �3.05

Leu366 �3.03 0.25 �2.78

Val113 �1.84 �0.42 �2.26

Ala297 �2.17 0.13 �2.04
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gliclazide is located in the center of the active site of CYP2C9.
In the CYP2C9egliclazide complex 1, the distance from 6b-
carbon atom to the heme is 4.33 Å which is suitable to form
the 6b-hydroxygliclazide product [30]. A hydrogen bond
formed between gliclazide and Arg108 in CYP2C9 is helpful
for the stability of the CYP2C9egliclazide complex 1. In the
CYP2C9ecomplex 2, the distance from methyl-carbon to the
heme is 3.89 Å which is suitable to form the methylhydroxy-
gliclazide product [30]. There is no hydrogen bond formed
between gliclazide and CYP2C9. From Table 2, one can see
that the CYP2C9egliclazide complex 2 is more stable be-
cause it has lower and more favorable total interaction energy
of �56.67 kcal/mol than the CYP2C9egliclazide complex 1
(�49.38 kcal/mol). The Ludi scores of both complexes are
396 and 464, respectively, which means that the affinity
between gliclazide and CYP2C9 in the CYP2C9egliclazide
complex 2 is stronger than that in the CYP2C9egliclazide
complex 1. The kinetic experimental results in Table 3 by
part of the present authors is that Km value of the CYP2C9e
gliclazide complex 2 (methylhydroxylgliclazide metabolic
pathway) is 30.0 mM, which is lower than 40.6 mM of the
CYP2C9egliclazide complex 1 (6b-hydroxylgliclazide
metabolic pathway). The lower Km value means stronger
Table 3

MichaeliseMenten kinetic parameters of gliclazide hydroxylation

Species 6b-Hydroxygliclazide

Km Vm

CYP2C9 40.6 0

CYP2C19 24.8 14

Vmax data shown are in units of picomoles per minute per picomole for rCYPs; K
affinity. Thus, the affinity of the CYP2C9egliclazide complex
2 is stronger than that of the CYP2C9egliclazide complex 1.
So our theoretical results about the affinity difference are in
good agreement with the kinetic experimental results.

To determine the key residues in the two complexes, the
interaction energies of gliclazide with each individual residue
in the active site are calculated. Significant active-site residues
in the models are identified by the total interaction energy. In
general, the residues whose interaction energies with the
ligand are lower than �1 kcal/mol are considered to be
important in the complex. It is very convenient to discuss
the results with this criterion. Herein, our criterion (�2 kcal/
mol) is lower than �1 kcal/mol, which means the chosen
residues are more important. The attractive electrostatic inter-
action or van der Waals interaction between heme and glicla-
zide is very important for binding orientation of gliclazide and
absolutely necessary for the hydroxylation mechanism. From
Table 2, one can see that heme, Val113, Phe114, Ile205,
Gly296, and Phe476 have strong van der Waals and electro-
static interactions which are lower than �2 kcal/mol with gli-
clazide in the both complexes. So we think that they are the
important anchoring residues for binding with gliclazide.
Our theoretical results are in well agreement with the results
by Melet et al. that Phe114 and Phe476 in CYP2C9
are important residues for the substrate binding and selectivity
[32]. Hydrogen bond plays an important role for structure and
function of biological molecules, especially for the enzyme
catalytic reaction. In the CYP2C9egliclazide complex 1,
Arg108 forms a hydrogen bond with gliclazide, this result
indicates that Arg108 is also an important residue. This is
consistent with the result by Ridderström et al. [33].
3.3. Docking of gliclazide to CYP2C19
The two CYP2C19egliclazide complexes 1 and 2 were
generated by using the InsightII/Affinity module as shown in
Fig. 5. In both complexes, gliclazide is located in the center
of the active site of CYP2C19. In the CYP2C19egliclazide
complex 1, the distance from 6b-carbon atom to the heme is
5.27 Å which is suitable to form the 6b-hydroxygliclazide
product [30]. A hydrogen bond formed between gliclazide
and Asp293 in CYP2C19 is helpful for the stability of the
CYP2C19egliclazide complex 1. In the CYP2C19ecomplex
2, the distance from methyl-carbon to the heme is 4.05 Å
which is suitable to form the methylhydroxygliclazide product
[30]. There is a hydrogen bond formed between gliclazide and
Arg97 in CYP2C19, which is helpful for the stability of the
CYP2C19egliclazide complex 2. The Ludi scores of both
Methylhydroxylgliclazide

ax Km Vmax

.6 30.0 0.6

.9 24.6 12.1

m data shown are in units of microsomes. All data were means of duplicates.



Fig. 5. An overlap of docking results of CYP2C19. Gliclazide in the

CYP2C19egliclazide complexes 1 and 2 is represented by red and yellow

color, respectively. In the CYP2C19egliclazide complex 1, one hydrogen

bond is formed between gliclazide and Glu300, the bond distance is 2.30 Å

and the bond angle is 120.15�. In the CYP2C19egliclazide complex 2, one

hydrogen bond is formed between gliclazide and Glu300, the bond distance

is 2.39 Å and the bond angle is 145.48�. (For interpretation of the references

to colour in this figure legend, the reader is referred to the web version of this

article.)

Table 4

The total energy (Etotal), van der Waals energy (Evdw), and electrostatic energy

(Eele) between gliclazide and individual residues in both CYP2C19egliclazide

complexes (Etotal<�2.00 kcal/mol)

Residue Evdw Eele Etotal

CYP2C19egliclazide complex 1

Enzyme �49.70 �4.42 �54.12

Heme �7.38 �2.35 �9.73

Glu300 �5.11 �1.90 �7.01

Leu366 �4.81 �0.59 �5.40

Ala297 �2.74 �1.16 �3.90

Val113 �2.01 �0.91 �2.92

Phe110 �2.50 �0.11 �2.61

Thr301 �3.24 0.80 �2.44

Phe428 �2.12 �0.30 �2.42

Ile362 �2.36 �0.05 �2.41

Thr299 �1.12 �1.28 �2.40

CYP2C19egliclazide complex 2

Enzyme �59.48 �0.97 �60.45

Glu300 �4.35 �1.66 �6.01

Heme �4.24 �1.35 �5.59

Arg433 �4.90 0.38 �4.52

Thr301 �2.52 �1.84 �4.36

Leu366 �4.47 0.28 �4.19

Ile205 �3.62 �0.39 �4.01

Phe428 �2.90 �0.28 �3.18

Ile362 �3.16 0.17 �2.99

Ala297 �3.42 0.44 �2.98

Val436 �2.20 �0.18 �2.38

Phe476 �2.43 0.19 �2.24

Arg124 �2.06 �0.16 �2.22

Ser429 �2.40 0.40 �2.00
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complexes are 476 and 523, respectively, which mean higher
affinity and stronger binding.

The results of the interaction energy are listed in Table 4.
From Table 4, one can see that the CYP2C19egliclazide com-
plex 2 has lower and more favorable total interaction energy of
�60.45 kcal/mol than the CYP2C19egliclazide complex 1
(�54.12 kcal/mol). This means that the affinity between
CYP2C19 and gliclazide in the CYP2C19egliclazide complex
2 is stronger than that in the CYP2C19egliclazide complex 1,
and this result is consistent with the kinetic experimental
Fig. 6. Overlaps of the dockings of gliclazide to the second binding sites in CYP2

P2C19egliclazide complex 3 is at right.
results shown in Table 3 by part of the present authors. To
determine the key residues in the two complexes, the interac-
tion energies of gliclazide with each individual residue in the
active site are calculated. From Table 4, one can see that heme,
Arg97, Val113, Ile205, Ala292, Asp293, Ala297, and Leu366
have strong van der Waals and electrostatic interactions which
are lower than �2 kcal/mol with gliclazide in the both
complexes. So we think that they are the important anchoring
residues for binding with gliclazide. Especially, Arg97 and
Asp293 form hydrogen bonds with gliclazide in complexes 1
C9 and CYP2C19. The CYP2C9egliclazide complex 3 is at left and the CY-



Table 5

The changes of the affinity between gliclazide with two enzymes by substrate

inhibition

6b-Hydroxygliclazide Methylhydroxylgliclazide

The total

interaction

energy

Ludi score The total

interaction energy

Ludi score

CYP2C9 No substrate

inhibition

�49.38 396 �56.67 464

Substrate

inhibition

�38.56 365 �41.26 387

CYP2C19 No substrate

inhibition

�54.12 476 �60.45 523

Substrate

inhibition

�41.50 424 �44.45 447
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and 2, respectively, so that they play an important role for the
stability of the complexes. Our results about Asp293 and
Ala297 are consistent with the results of Oda et al. [29].
3.4. Substrate inhibition
Substrate inhibition is an atypical kinetic phenomenon
which is often observed in vitro [34e37]. The mechanism of
substrate inhibition has been explained clearly [38,39] that
there are two substrate binding sites in enzyme, one site is
productive and the other site is inhibitory and operable at
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Fig. 7. Enzymatic kinetic modeling of 6b-hydroxygliclazide formation (open plot)

(up) and CYP2C19 (down). Results are presented as the mean of duplicates.
high substrate concentrations, which results in decreased
velocity with increasing concentrations.

With the aid of the binding-site module/InsightII [40], we
succeeded in finding the second binding site in CYP2C19 which
is near the active site of gliclazide. Using Affinity module,
gliclazide is docked into the second binding site of CYP2C19
and this docking complex (denoted as CYP2C19egliclazide
complex 3) is shown in Fig. 6. The van der Waals, the electro-
static interaction, and the total interaction energies in
CYP2C19egliclazide complex 3 are �11.33, �10.39, and
�21.72 kcal/mol, respectively, and the total interaction energy
in CYP2C19egliclazide complex 3 is the highest in three
CYP2C19egliclazide complexes. Thus, the Affinity program
was performed to dock gliclazide to the active site in
CYP2C19egliclazide complex 3 while gliclazide in the second
binding site was merged to CYP2C19. Then two docking
complexes, corresponding to two metabolic pathways, were
generated. The total interaction energies and Ludi scores of
two docking complexes are listed in Table 5. From Table 5,
one can see the predominant decreases of the total interaction en-
ergies and Ludi scores because of the binding of gliclazide in the
binding site. The changes of the affinity between gliclazide and
CYP2C19 confirm convincingly that there is substrate inhibition
in metabolism of CYP2C19 for gliclazide. The similar result has
also been found in metabolism of CYP2C9 for gliclazide and the
obtained CYP2C9egliclazide complex 3 is shown in Fig. 6 and
Table 5, too. The experimental results in Fig. 7 indicate that both
the catalytic reactions’ velocities increase with the increasing
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and methylhydroxylgliclazide formation (closed plot) in recombinant CYP2C9



Fig. 8. Overlaps of the conformational changes of CYP2C9 and CYP2C19 by

substrate inhibition. CYP2C9 is at left and CYP2C19 is at right.
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concentration of gliclazide. However, when gliclazide is up to
about 200 and 100 mM for CYP2C9 and CYP2C19, respectively,
the velocities begin to decrease obviously. This is substrate
inhibition obviously. So, our theoretical results about substrate
inhibition are in good agreement with the experimental results
in quality.

In order to investigate the mechanism of the changes of the
affinity, we compared the structures of CYP2C19 and CY-
P2C19egliclazide complex 3. All Ca of the whole enzymes
were used, however, the conformational change between
CYP2C19 and CYP2C19egliclazide complex 3 only exists
in the active site because of the key feature of the flexible
docking mentioned in Section 2. The RMSD of the active sites
in CYP2C19 and CYP2C19egliclazide complex 3 is 2.26 Å.
The major conformational changes of the active sites in
CYP2C19 and CYP2C19egliclazide complex 3 are shown
in Fig. 8. One can see that the docking of gliclazide in the sec-
ond binding site causes the conformational changes of residues
Ser95eArg105, Gly111eSer115, Ile205eThr210, and
Phe428eIle434. Especially, Val113, Ile205, Phe428, Ser429,
and Arg433 are suggested to be the important residues in
CYP2C19 for binding with gliclazide as seen from Table 4.
So we think that the conformational change is major reason
to a decrease in the affinity. The substrate inhibition of
CYP2C9 employs the same mechanism as CYP2C19 and the
conformational changes in CYP2C9 are shown in Fig. 8, too.
4. Conclusion

In the present paper, with homology modeling techniques,
molecular mechanics, and molecular dynamics methods,
a reliable and reasonable 3D structure of CYP2C19 was built.
In order to check further the reliability of the 3D structure of
CYP2C19, the automated molecular docking was performed
by using docking program Affinity of the substrate (S )-
mephenytoin, and the inhibitors (þ)-N-3-benzyl-nirvanol
(NBN) and (�)-N-3-benzyl-phenobarbital (NBPB) for
CYP2C19. Our docking results are consistent with the
reported results.

With the aid of the automatic molecular docking,
the metabolic effects of CYP2C9 and CYP2C19 for gliclazide
in two different pathways were studied by InsightII/Affinity
program. The affinity of both enzymes and gliclazide in
methylhydroxylgliclazide pathway is stronger than the one
in 6b-hydroxygliclazide pathway because the interaction
energies in methylhydroxylgliclazide pathway are lower than
in 6b-hydroxylation pathway, and Ludi score for
both enzymes in methylhydroxylation pathway are all higher
than those in 6b-hydroxylation pathway. Then we identify
that heme, Val113, Phe114, Ile205, Gly296, and Phe476 of
CYP2C9, heme, Arg97, Val113, Ile205, Ala292, Asp293,
Ala297, and Leu366 of CYP2C19 are the most important
anchoring residues for binding with gliclazide. It is notable
that there are significant substrate inhibition phenomena in
metabolisms of CYP2C9 and CYP2C19 for gliclazide. Both
enzymes employ the same mechanism that the bindings of
gliclazide near the active sites can change the conformation
of the active site and decrease efficiently the affinity between
gliclazide in the active site and enzymes in both metabolic
pathways. Our results are consistent with the kinetic experi-
mental results. We hope that our results are helpful for the
future research of gliclazide metabolism.
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