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Characterization of cardamonin metabolism by P450
in different species via HPLC-ESI-ion trap and UPLC-
ESI-quadrupole mass spectrometry
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Aim: To characterize the metabolism of cardamonin by the P450 enzymes in human and animal liver microsomes.

Methods: Cardamonin was incubated with both human and animal liver microsomal incubation systems containing P450 reaction
factors. High performance liquid chromatography coupled with ion trap mass spectrometry was used to identify the metabolites. Serial
cardamonin dilutions were used to perform a kinetic study in human liver microsomes. Selective inhibitors of 7 of the major P450
isozymes were used to inhibit cardamonin hydroxylation to identify the isozymes involved in cardamonin metabolism. The cardamonin
hydroxylation metabolic capacities of human and various other animals were investigated using the liver microsomal incubation

system.

Results: Two metabolites generated by the liver microsome system were detected and identified as hydroxylated cardamonin. The
K., and V,.., values for cardamonin hydroxylation were calculated as 32 umol/L and 35 pmolmin“mg?, respectively. Furafylline and
clomethiazole significantly inhibited cardamonin hydroxylation. Guinea pigs showed the highest similarity to humans with respect to

the metabolism of cardamonin.

Conclusion: CYP 1A2 and 2E1 were identified as the P450 isozymes involved in the metabolism of cardamonin in human liver
microsomes. Furthermore, our research suggests that guinea pigs could be used in the advanced pharmacokinetic studies of

cardamonin in vivo.
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Introduction
Cardamonin (Figure 1), a chalcone that is present at high
content” in commonly used traditional Chinese medicines”,
such as Alpinia katsumadai® and Amomum subulatum™, shows
broad-spectrum preclinical pharmacological activities such as
anti-platelet aggregation®, vasorelaxant effects'”, anti-inflam-
mation! and inhibition of NO release and iNOS expression®.
Because of these significant pharmacological activities, carda-
monin shows some potential to be a drug candidate.

For the advanced development of drug candidates, not

only pharmacological activities, but also pharmacokinetic
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properties should be considered. Metabolism studies are an
important part of the whole pharmacokinetic study because
a structural change after metabolism can modulate either the
pharmacological activity or the toxicity of the drug candi-
dates™ . Among all of the metabolic processes, metabolisms
catalyzed by the cytochrome P450 (CYP) enzymes are the most
important because almost 70%-80% of the known Phase I
metabolisms are attributed to them!"". In recent years, in vitro
metabolism studies involving P450 enzymes have become
more common and have been suggested to be an important
part of preclinical drug development™*™* so that the potential
failure of a drug induced by its metabolic properties can be
avoided in the advanced clinical drug development studies.
However, until now, few studies have been carried out
on the metabolism of chalcones, cardamonin in particular,
although metabolism studies of other flavonoids, including
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Figure 1. Nomenclature of fragment ions adopted in present study. A and
B represent the left and right side of molecular after cleavage of bond Il
respectively while C represent the middle part of molecular after cleavage
of bond I and Il.

[15 [16] [17, 18] [19]

flavones", flavonols"®, isoflavones and flavonones' ™,
have been performed extensively. In the present study, an in
vitro metabolism study of cardamonin in human and animal
liver microsomes was performed. The isozymes involved in
the metabolism of cardamonin were identified and the dif-
ferences among species with respect to cardamonin metabo-
lism were noted. The results of the present study will help
to understand the basic metabolic properties of cardamonin,
which will further help to advance its pharmacokinetic study
in vivo.

Materials and methods

Chemicals and Materials

Cardamonin was isolated from Alpiniae Katsumadai by our lab
and the purity was determined to be more than 98% as tested
by a high performance liquid chromatography (HPLC) system
coupled with a photodiode array (PDA) detector. Glucose-6-
phosphate (G-6-P), G-6-P dehydrogenase and p-nicotinamide-
adenine dinucleotide phosphate (NADP) were purchased
from Sigma-Aldrich (St Louis, MO, USA). Testosterone, which
was used as a substrate for the positive control, was pur-
chased from Acros (Geel, Belgium). Reagents for the chemical
inhibition study, including sulfaphenazole, quinidine, clom-
ethiazole, furafylline and 8-methoxypsoralen, were purchased
from Sigma-Aldrich (St Louis, MO, USA) and ketoconazole
and S-mephenytoin were obtained from ICN Biomedicals
Inc (Aurora, OH, USA) and Toronto Research Chemicals Inc
(North York, Canada), respectively. All other reagents were of
HPLC grade or the highest commercially-available grade.

Preparation of liver microsomes of human and animals

Human livers were obtained from autopsy samples (n=5 Chi-
nese males, 27 to 48 years old) from Dalian Medical University
(Dalian, China), with the approval of the ethics committee
of Dalian Medical University. The medication history of the
donors was not known. Research involving human subjects
was done under full compliance with government policies and
the Helsinki Declaration. Cattle, sheep and pig livers were
freshly obtained from animals in abattoirs. Mouse, rat, guinea
pig and dog livers were freshly obtained from the experimen-
tal animal center of Shanghai University of Traditional Chi-
nese Medicine (Shanghai, China). After being harvested, the

liver specimens were immediately stored in liquid nitrogen
until preparation of the microsomes.

Microsomes were prepared from liver tissue by differential
ultracentrifugation as described previously”

centration was determined by using bovine serum albumin as
[21]

. Protein con-

standards Liver microsomes were diluted to 10 g/L and
stored at -80 °C.

Parameters for chromatography and mass spectrometry

A Survyor HPLC system coupled with a LCQ ion trap mass
spectrometry (Thermo Finnigan, San Jose, CA, USA) via an
electronic spray ionization (ESI) ion source was used to per-
form the metabolic profile study and characterize the structure
of the metabolites. The HPLC-MS" system consists of a qua-
ternary pump, an auto-sampler and a column compartment.
An Intersile Cjg column (150x2.1 mm, 5 pm, Japan) was used
for separation. Acetonitrile and formic acid solution (0.1% in
water) were used as mobile phase A and B, respectively. The
following HPLC eluting gradient was derived from our pub-
lished method™: initiated from 10% of A: 0-5 min, 10%-35%
of A; 5-20 min, 35% of A; 20-30 min, 35%-50% of A; 30-35
min, 50%-70% of A. The eluting flow rate was set to be 0.15
mL/min. The negative ion monitor mode was used and mass
parameters on HPLC-MS" were set as follows: capillary tem-
perature was 300 °C, sheath gas flow was 20 unit, aux/sweep
gas flow was 5 unit, source voltage was 4.7 kV, and capillary
voltage was -15 V. A full scan was used to trap the metabo-
lites and parent compound to obtain their molecular weight
values, and daughter scans of [M-H] ions of cardamonin and
its metabolites were used to obtain their second order mass
(MS?) spectra.

An ultra performance liquid chromatography (UPLC) sys-
tem (Waters Acquity) coupled with single quadrupole mass
spectrometry (MS, Version: ZQ) via an ESI ion source was
used to quantitatively determine the cardamonin metabolites
in studies to identify the P450 isozymes involved in the metab-
olism, kinetics and species difference of cardamonin hydroxy-
lation. The eluting gradient was similar to that used on the
HPLC system, but the flow rate was changed to 0.3 mL/min
and the time in the gradient on the UPLC system was short-
ened by 10 times compared with the HPLC system. A Waters
BEH Ci5 (50%2.1 mm, 1.7 um) column was used for separation
in the UPLC system. Negative ion monitor mode was adopted
and mass parameters for UPLC-MS were set as follows: capil-
lary voltage was 3.2 kV, cone voltage was -40 V, extractor volt-
age was -1.59 V, source and desolvation temperature were set
at 100 and 350 °C, as well cone and desolvation gas flow were
set at 50 and 550 L/h. A selective ion monitor (SIM) mode
was used to trap the metabolites at m/z 284 ([M-H] ion) and
the parent compound at m/z 269 ([M-H] ion), respectively.

Incubation system for identification of metabolites in human
liver microsomes

A standard incubation system included human liver micro-
somes (HLM, 0.5 g/L, 10 pL), G-6-P (1 mmol/L, 20 pL), G-6-P
dehydrogenase (1 unit/mL, 20 uL), phosphate buffer (100
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mmol/L, pH 7.4, 108 pL), MgCl, (4 mmol/L, 20 puL), and car-
damonin (100 pmol/L, 2 pL). Cardamonin was dissolved in
methanol, but all other reagents were dissolved in phosphate
buffer. The total volume of the incubation system was 200 uL
and the total organic volume was less than 1% of the system.
The reaction was initiated by adding NADP (1 mmol/L, 20
pL). After incubation for 60 min, 100 puL of acetonitrile was
added to stop the reaction. The supernatant was transferred
to perform analysis after centrifugation at 20000xg and 4 °C
for 10 min.

Analysis of metabolites

Four experiment groups were set up in the present study: a
reaction group, which included cardamonin, HLM, NADP,
and all other factors described above; a negative control group,
which included cardamonin and all other reaction factors
except NADP (which was replaced by phosphate buffer with
the same volume); a blank group, which included all reaction
factors without cardamonin but the same volume of methanol;
and a positive control in which cardamonin was replaced by
testosterone, which is a probe substrate of CYP3A4. Peaks
appearing only in the total ion chromatogram (TIC) or extrac-
tive ion chromatogram (EIC) of the reaction group, but not in
the negative control and blank groups, were considered the
metabolites of cardamonin. MS? spectra of the metabolites
were compared with that of cardamonin to determine their
possible structures. The nomenclature of the fragment ions,

[23, 24]

which have been referred to in several references , was

modified slightly in the present study (Figure 1).

Kinetics study of metabolite generation in human liver micro-
somes

Preliminary experiments were carried out to ensure that
the formation of the metabolites was linear with the reac-
tion time and the concentration of the protein in human liver
microsomes. All experiments were carried out in duplicate
and the precision of the parallel samples was relatively good
(with RSD values generally below 10%). Because the quantity
of M2 was so small and could not be detected in 7 of the ani-
mal liver microsomes, the kinetic study was only conducted
on the dominant metabolite M1. Concentrations of the car-
damonin dilutions were set at 2.5, 4, 6.3, 10, 16, 25, 32, 40, 50,
63, 75, and 85 umol/L. Reaction velocities and substrate con-
centrations were used to calculate the apparent K,, and V.,
values according to nonlinear regression from the Michaelis-
Menten equation (Equation 1). Nonlinear regression was
performed using Origin software (OrginLab Corporation,
Northampton, MA and Version 7.5)!, To determine whether
the metabolism was monophasic or biphasic, the result was
graphically represented on Eadie-Hofstee plots (velocities ver-
sus ratios of velocities to substrate concentrations). Intrinsic
clearance (CL,,), a part of the total body clearance representing
the capacity of the metabolizing enzyme for clearing drugs,

was calculated from Equation 2%,
V= 7‘/12‘“‘:[[5]] Equation 1
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where V,,,, was the maximum reaction velocity, K, was the
Michaelis constant that represented the substrate concentra-
tion at which the velocity was half of the V,,,, V was the reac-
tion velocity, [S] was the substrate concentration, WV was body
weight, Y, was liver weight per kilogram of body weight,
Yy was the microsome protein content in the human livers
(mg/g), and W, Y;, and Y; were 60 kg, 4.5 g/kg and 45 mg/g

for Eastern Asian people, respectively™.

CLiy= Equation 2

Species differences of cardamonin hydroxylation

To compare the species differences for the metabolism of car-
damonin and suggest a suitable animal species to perform its
pharmacokinetics in vivo, cardamonin was incubated in the
liver microsome incubation systems of humans and several
other animals, including dog, rat, mouse, guinea pig, pig,
cattle, and sheep. The concentration of cardamonin used in
the incubation system was 30 pmol/L (near the K,, value).
The protein concentrations of the microsomes from humans
and all other animal livers used in the incubation system were
0.5 g/L. The incubation time was 25 min. The quantities of
M1 were used to compare the metabolic capacity of humans
with that of other animals. Microsomes used to determine the
species differences for each of the species were from 6 indi-
viduals, and average values of the 6 individuals were used for
comparison. Group t-tests were performed between each of
the animals and humans to examine the significance of the dif-
ference when the probabilities value (P) was less than 0.05.

Chemical inhibition of cardamonin hydroxylation in human liver
microsomes
Selective inhibitors, including furafylline (10 pmol/L),
8-methoxypsoralen (2.5 pmol/L), quercetin (10 pmol/L),
sulfaphenazole (10 pmol/L), quinidine (10 pmol/L), clom-
ethiazole (50 pmol/L) and ketoconazole (1 pmol/L), were
used to inhibit the 7 main P450s, including CYP 1A2, 2A6,
2C8, 2C9, 2D6, 2E1, and CYP3A4, respectively, in human liver
microsomes™!. All of the inhibitors added to the incubation
system were dissolved in a 1 pL volume of methanol, which
was less than 1% of the total incubation volume; other factors
in the incubation system were the same as that in the kinetic
study. An incubation without any inhibitor, but with the dis-
solving medium was set as a solvent control. The reaction
system was pre-incubated for 3 min at 37 °C and the reaction
was initiated by the addition of cardamonin. The quantities
of M1 in the inhibited incubations were compared with the
solvent control incubation, which was normalized to 100 %.
The compared value was defined as the remaining enzyme
activity (REA) and used as the parameter to evaluate the cata-
lytic capacity of an isozyme. However, the chemical inhibition
study was conducted only on the formation of M1 because the
quantity of M2 was too small to determine quantitatively.

To understand the inhibitory patterns of cardamonin
hydroxylation inhibited by furafylline and clomethiazole,
the kinetics of cardamonin hydroxylation was analyzed at



various concentrations of these two inhibitors. Concentra-
tions of the cardamonin dilutions were used at 5, 10, 30, 50,
and 80 pumol/L. Inhibitor concentrations were set to 0, 0.5, 2,
and 10 pmol/L for furafylline and at 0, 1, 50, and 100 pmol/L
for clomethiazole. Data were plotted on a Lineweaver-Burk
plots (double-reciprocal plot of reaction velocity and substrate
concentration) to understand the inhibitory patterns of carda-
monin hydroxylation inhibited by furafylline and clomethiaz-
ole.

Table 1. MS/MS fragmentation of cardamonin and its metabolites.
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Results

MS? fragmentation of cardamonin

To elucidate the structures of the metabolites, the MS” frag-
mentation of the parent compound was first obtained as the
reference. The fragment ions and MS” spectrum of carda-
monin are shown in Table 1 and Figure 2A, respectively. In
the MS? spectrum of the [M-H]  ion at m/z 269, three represen-
tative ions at m/z 124, 139, and 165 were observed (Figure 2A).
The ion at m/z 165 was generated by cleavage between C8

Compound [M-H] lons m/z lons structure Compound structure
Cardamonin 269 254 [M-H-CH,]”
227 [M-H-CH,-CO]~
Part Il
177 HO
165
139 Part |
124 I
139
M1 285 270 [M-H-CH]”
243 [M-H-CH,-CO]~
nednYan
179 O |
165 Nt
139 HobO 01 | HCO O
124 Pt
119 124 165
po39
{177 or 179 |
M2 285 270 [M-H-CH;]”
243 [M-H-CH,-CO]~
267 [M-H-H,0]
1'1"9' - —H OH
ol YL
165 I O |
139 ;
124 ché—o 0! HsC-0 0
119 i P
1241165
T R

rTor179” !
Disappear !
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Figure 2. MS? spectrums of cardamonin (A), M1 (B), and M2 (C).

and C9. Serial neutral loss from the ion at m/z 165 produced
another two fragment ions (Table 1) at m/z 139 (165-CO) and
124 (165-CO-CHy'), respectively. All the three ions could be
valuable to identify the structure of ring A. The fragment ions
that represent Part I (Table 1) of the cardamonin structure
were also observed at m/z 177 and 179 (Figure 2A).

Identification of metabolites

Comparing the chromatograms of the reaction group with the
negative control and the blank group samples, two NADPH-
dependent metabolites marked as M1 and M2 were detected

1004 C
801
604
404
204

(Figure 3A). The presence of [M-H]  ions at m/z 285 suggest-
ing that both the MW values of M1 and M2 were 16 Da higher
than that of cardamonin, which indicated that these two
metabolites were two hydroxylates. Fragment ions and MS®
spectra of M1 and M2 are shown in Table 1 and Figure 2B and
2C.

In the MS” spectra of M1 (Figure 2B), the presence of the
charateristic ions at m/z 124, 139 and 165, which were the same
as those of cardamonin (Figure 2A), suggested that ring A of
cardamonin was not metabolically modified (Table 1). The ion
at m/z 119 in the MS” spectra of M1 (Figure 2B) indicates that

Cardamonin

0
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Akl o,

Relative abundance
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Figure 3. Chromatograms of metabolites in
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the hydroxylation site is on part II of the cardamonin structure
including ring B, C7 or C8 (Table 1). The characteristic frag-
ment ion at m/z 179 (Figure 2B), which is the same as that of
cardamonin, suggests that the structure of M1 contain the part
I (Table 1) of the cardamonin and that C7 and C8, which are
contained in the structure of both part I and part II, are not
substituted by the hydroxyl. Thus, the structure of M1 was
tentatively assigned as (ring B)-hydroxylation cardamonin.

With respect to the identification of M2, the MS” spectra of
[M-H]J ion at m/z 285 showed two characteristic fragment ions
of cardamonin at m/z 165 and 139 (Table 1), suggesting that
ring A of M2 was also unchanged. The ion at m/z 119 indicates
that the substituted site is on part II of the cardamonin struc-
ture. However, a different fragmentation pattern from M1
and cardamonin was obtained that the ions at m/z 177 and 179
(Figure 2C) in the the MS” spectra of M2 disappeared, indicat-
ing that part I (Table 1) of M2 was substituted by a hydroxyl.
According to the analysis described above, the substituted
site should be C7 or C8, because the two carbons were both
contained in the structures of part I and II (Table 1). Further-
more, the MS” spectra of M2 showed the lose of H,O to yield
the product ion at m/z 267. As a molecule of H,O may be lost
more easily between the C6’-hydroxyl and the C7-hydroxyl
than that of the C8-hydroxyl (Table 1), M2 is putatively char-
acterized as 7-hydroxylation cardamonin.

UPLC-MS analysis of cardamonin and its metabolites

Analysis of all of the chemical inhibition studies, species dif-
ferences and kinetic studies on cardamonin hydroxylation
were performed based on the developed analytical method.
Chromatograms are shown in Figure 4. Comparing the chro-
matograms of the reaction group with the negative control
and blank groups, M1 and M2 were identified as two peaks
eluted out at 2.20 and 2.62 min, respectively, in the channel of

1001 A M1

M2
O T

i

metabolites (Figure 4A); and cardamonin was identified as the
peak eluted out at 4.03 min in the channel of the parent com-
pound (Figure 4B). The total analytical time was shortened by
ten times compared with HPLC analysis and each peak was
still adequately separated.

Kinetic study in human liver microsomes

Cardamonin dilutions were used for incubation with HLM. A
protein concentration of 0.5 g/L and a reaction time of 25 min
were linear with the cardamonin hydroxylation according to
preliminary experiments (data not shown). Reaction velocities
showed significant concentration-dependent characteristics
(Figure 5A). According to the Eadie-Hofstee plots (Figure 5B),
cardamonin hydroxylation showed a monophasic feature, sug-
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Figure 5. Eadie-Hofstee plots (B) and Michaelis-Menten (A) plots for
cardamonin hydroxylation in human liver microsome. "m" represents 10°,
"u" represents 10°.
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Figure 4. Chromatograms of metabolites (A)
and parent compound (B) on UPLC-MS system.
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gesting that cardamonin is metabolized by only one isozyme
or two isozymes with the same K,, value. The Eadie-Hofstee
plots also indicated that cardamonin hydroxylation in human
liver microsomes followed the typical Michaelis-Menten equa-
tion (Equation 2). V,,, and K,, values were calculated as 35
pmol™min™mg" and 32 pmol/L via nonlinear regression from
the Michaelis-Menten equation using Origin software. Intrin-
sic clearance (CL;,), calculated from equation 1, was 13.37 mL/
min for people of Eastern Asian descent.

Species differences of cardamonin hydroxylation

M1, the dominant metabolite in the human liver microsome
incubation, was also generated by all of the animal liver
microsome incubations. Neither M2 nor the other metabolites
was observed in the animal incubations. Therefore, M1 was
the only animal metabolite. Quantities of M1 in the animal
incubations were compared with its counterpart from human
incubation, which was normalized to 100%. As a result, the
quantity of M1 generated by guinea pig was nearly the same
as that in humans with no significant difference; conversely,
the difference between sheep and humans was the largest.
Mouse and rat, the two species that are normally used experi-
mental animal species, generated the metabolite at quantities
only around 50% of the human levels. The metabolic capaci-
ties of most animals, except the guinea pig, are significantly
different from that of humans (Figure 6), with a P value less
than 0.05 according to t-tests (group).

101.54% 100.00%

120
_ 801 b
s 51.54%
£ b b
Z 48.46% 46.15%
5 b
R 40430.77% b
24.62%
b
4.62%

Pig  Cattle Sheep

Dog Rat  Mice Guniea Human

pig
Figure 6. Cardamonin hydroxylation in various animals and human
liver microsomes. Reaction velocity in human liver microsome was 18

pmolmin~mg™. °P<0.05 vs human.

Chemical inhibition study of cardamonin hydroxylation

The selective inhibitors of CYP 1A2, 2A6, 2C8, 2C9, 2D6, 2E1,
and 3A4 were used to inhibit cardamonin hydroxylation. REA
on cardamonin hydroxylation in each of the inhibited incuba-
tions was 16.14%, 73.97%, 55.88%, 63.53%, 80.41%, 13.99%,
and 84.33% for CYP 1A2, 2A6, 2C8, 2C9, 2D6, 2E1, and 3A4,
respectively (Figure 7). Results indicated that CYP 1A2 and
2E1 might play the most important roles during cardamonin
hydroxylation. The inhibitory kinetics of cardamonin hydrox-
ylation by furafylline and clomethiazole was analyzed. For
furafylline, the trend lines of the Lineweaver-Burk plots at
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Figure 7. Inhibition of cardamonin hydroxylation by various selective

inhibitors of P450 isozymes. REA: remain enzyme activity.

various inhibitor concentrations intersected the Y axis at the
same plot (Figure 8A), which indicates that furafylline shows
a competitive inhibition on cardamonin hydroxylation. For
clomethiazole, the trend lines of the Lineweaver-Burk plots
intersected the X axis at the same plot (Figure 8B), indicating
that clomethiazole shows noncompetitive inhibition on carda-
monin hydroxylation.
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Figure 8. Lineweaver-Burk plots of cardamonin hydroxylation inhibited by
furafylline (A) and clomethiazole (B) at various concentrations.

Discussion
The elucidation of the structure of the metabolites was per-
formed via LC-MS/MS technology. Evidence shows that
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there is a hydroxyl substituted on ring B of cardamonin for
M1, but the exact site on the benzene ring cannot be confirmed
by mass spectrometry data alone. The most probable substi-
tution site is suggested to be site 4 of ring B because the para
position is the most easily substituted site of the benzene ring,
which could be proven by analyzing the metabolite structures
of other flavonoids, such as chrysin and galangin!®**.

Metabolism may alter the pharmacokinetic conduct, activ-
ity or even toxicity of drugs in vivo. To avoid failure in an
advanced in vivo study stage, a suitable animal species with
metabolic properties similar to those of humans should be
chosen first. In vitro metabolism studies could also be used
to help rapidly and conveniently screen animal species. In
the present study, cardamonin was incubated with liver
microsomes from human and 7 animals. According to the
results, the most commonly used experimental animal species,
including mouse and rat, were significantly different from
humans with regard to cardamonin hydroxylation, but guinea
pigs showed the highest similarity to humans.

A chemical inhibition method was used to identify the P450
isozymes involved in cardamonin hydroxylation. As a result,
two selective inhibitors named furafylline and clomethiazole
both showed a significant inhibitory effect on cardamonin
hydroxylation. To further understand the inhibitory mecha-
nism of these two inhibitors on cardamonin hydroxylation, an
inhibitory kinetics was analyzed. Data showed that furafyl-
line showed a competitive inhibition on cardamonin hydroxy-
lation, which corresponded with the inhibition pattern of
furafylline on CYP 1A2. Furafylline is a mechanism-based
inhibitor of CYP 1A2™. In this kind of inhibition, the actual
inhibitor was not intact furafylline, but its metabolite catalyzed
by CYP 1A2"Y, suggesting that furafylline is also one of the
substrates of this isozyme. Thus, furafylline could compete
for the active site of CYP 1A2 with cardamonin, and then it
showed competitive inhibition of cardamonin hydroxylation.
Clomethiazole, the selective inhibitor of CYP 2E1, showed a
noncompetitive inhibition on cardamonin hydroxylation, cor-
responding with the published paper in which clomethiazole
was demonstrated to be a noncompetitive inhibitor of CYP
2E1%,
azole on cardamonin hydroxylation additionally proved that
CYP 1A2 and 2E1 are involved in the metabolism of carda-
monin.

CYP 1A2 was identified as one of the main isozymes
involved in cardamonin hydroxylation, which corresponds
well with reports of other flavonoids, such as hesperitin,
kaempferol, naringenin and apigenin"®'**!. CYP 2E1 also
catalyzed cardamonin hydroxylation in the present study,

The inhibitory patterns of furafylline and clomethi-

although this isozyme has only been shown to catalyze the
hydroxylations of a few other flavonoids. However, except
CYP 1A2 and 2E1, the other isozymes also acted as minor
metabolizing enzymes for cardamonin hydroxylation, includ-
ing the two CYP 2C isozymes. Cardamonin hydroxylation
was also slightly inhibited by the selective inhibitors of CYP
2A6, 2D6, and 3A4. It was concluded from these result that
hydroxylation of cardamonin is not a specific reaction, but is

catalyzed by multiple P450 isozymes. However, such a sug-
gestion should be confirmed by other studies, such as recom-
binant P450s metabolism and correlation analysis.

In the present study, two hydroxylates of cardamonin were
observed in the human liver microsome incubation system.
CYP 1A2 and 2E1 were the two major isozymes involved in
the metabolism of cardamonin. Although chemical inhibi-
tors could also inhibit CYPs not mentioned in this study, the
results are confined to the inhibition of the seven main CYPs
investigated in the present study. The species difference stud-
ies on the metabolism of cardamonin showed that the guinea
pig possesses the metabolic capacity that is the most similar to
that of humans and could be used for advanced pharmacoki-
netic studies in vivo.
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