Received: 24 June 2023 | Accepted: 6 October 2023

DOI: 10.1002/prp2.1149

ORIGINAL ARTICLE

BRITISH
PHARMACOLOGICAL
SOCIETY

The roles of CYP2C19 and CYP3A4 in the in vitro metabolism
of B-eudesmol in human liver: Reaction phenotyping and

enzyme kinetics

Nadda Muhamad'?

1Graduate Studies, Chulabhorn
International College of Medicine,
Thammasat University, Pathumthani,
Thailand

2Center of Excellence in Pharmacology
and Molecular Biology of Malaria and
Cholangiocarcinoma, Thammasat
University, Pathumthani, Thailand

3Drug Discovery and Development
Center, Office of Advanced Science
and Technology, Thammasat University,
Pathumthani, Thailand

Correspondence

Kesara Na-Bangchang, Graduate Studies,
Chulabhorn International College of
Medicine, Thammasat University,
Pathumthani 12120, Thailand.

Email: kesaratmu@yahoo.com

Funding information

Center of Excellence in Pharmacology
and Molecular Biology of Malaria and
Cholangiocarcinoma; Thailand Science
Research and Innovation Fundamental
Fund; Thammasat University Research
Fund, Grant/Award Number: TUFT-
FF 48/2565; The Thailand Research
Fund under the Royal Golden Jubilee
Ph.D. Program, Grant/Award Number:
PHD/0095/2561

| Kesara Na-Bangchang®??

Abstract

B-eudesmol is a major bioactive component of Atractylodes lancea (AL). AL has been
developed as the capsule formulation of standardized AL extract for treating chol-
angiocarcinoma (CCA). However, the complex constituents of herbal products in-
crease the risk of adverse drug interactions. p-eudesmol has demonstrated inhibitory
effects on rCYP2C19 and rCYP3A4 in the previous research. This study aimed to
identify the cytochrome P450 (CYP) isoforms responsible for the metabolism of
B-eudesmol and determine the enzyme kinetic parameters and the metabolic sta-
bility of p-eudesmol metabolism in the microsomal system. Reaction phenotyping
using human recombinant CYPs (rCYPs) and selective chemical inhibitors of CYP1A2,
CYP2C9, CYP2C19, CYP2D6, and CYP3A4 was performed, and enzyme kinetics and
metabolic stability were investigated using human liver microsome (HLM). The results
suggest that CYP2C19 and CYP3A4 play significant roles in p-eudesmol metabolism.
The disappearance half-life (t1/2) and intrinsic clearance (CL,,) of p-eudesmol were
17.09 min and 0.20 mL/min-mg protein, respectively. Enzyme kinetic analysis revealed
of 16.76 uM and
3.35nmol/min-mg protein, respectively. As a component of AL, f-eudesmol, as a sub-
strate and inhibitor of CYP2C19 and CYP3A4, has a high potential for drug-drug in-

teractions when AL is co-administered with other herbs or conventional medicines.
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1 | INTRODUCTION

Atractylodes lancea (A. lancea: AL) has a long history of traditional
use as medicine in various Asian countries, such as China, Japan,
Korea, and Thailand.! The ethanolic extract of AL has shown prom-
ising anti-cholangiocarcinoma (CCA) activities in a series of our pre-
vious in vitro and in vivo studies.?”® Atractylodin, p-eudesmol, and
hinesol are the prominent active components of AL, accounting for
14%, 6%, and 1%, respectively. These compounds have also exhib-
ited anti-CCA activities in various investigations.2*6'7 Notably, the
combined use of these compounds produced synergistic effects on
cytotoxic activity against CCA cells.® This led to the development of
capsule formulation of the standardized AL extract for clinical use in
CCA patients.® The phase | clinical trial in healthy Thai subjects to
assess the pharmacokinetics and tolerability of AL demonstrated a
satisfactory safety profile.9 In addition, the phase lla clinical trial in
patients with advanced-stage CCA for efficacy and safety is under
investigation.

Herbal medicines are widely used and are considered safe due
to the long history of their traditional uses. However, the chemi-
cal complexity of herbal medicines raises concerns about potential
interactions with other traditional products or prescribed med-
ications. The cytochrome P450s (CYPs) are important oxidative
enzymes responsible for the bioconversion of endogenous and ex-
ogenous compounds and contributing to metabolic drug-drug and
herb-drug interactions.’® The biotransformation of conventional
drugs predominantly involves the CYP3A4 isoform, which accounts
for 50% of the contribution of all CYPs, followed by CYP2D6 (30%),
CYP2C9/2C19 (11%), and CYP1A2 (4%).11*2

AL has gained considerable attention for its impact on CYP
activity. A study has demonstrated a potent inhibitory effect of
an ethanolic AL extract on human CYP1A2, with an IC., value
of 0.36+0.02 (mean+SD) pg/mL.13 In contrast, the inhibitory
effects of the extract on CYP2C19, CYP2D6, and CYP3A4 were
observed to be of a moderate nature, with respective 1C, val-
ues of 16.48+1.04, 313.51+51.90, and 54.36+5.64pg/mL.1®
Furthermore, in vivo studies conducted in rats revealed that ad-
ministering AL at the maximum dose of 5000 mg/kg body weight
for 1year resulted in the induction of CYP1A2 and inhibition of
CYP3A1 in liver tissues.’ Similarly, in mice, the active constitu-
ents of AL, atractylodin and p-eudesmol, were found to inhibit
CYP1A2 and CYP3A11 following prolonged daily administrations
of 100mg/kg body weight for 14days.'> However, B-eudesmol
has demonstrated inhibitory effects on rCYP2C19 and rCYP3A4
in vitro.*

The information regarding the modulatory effects of candidate
drugs on metabolizing enzymes holds significant importance in drug
discovery and development, as it helps prevent undesired adverse
effects arising from metabolic drug interactions. Nonetheless, reac-
tion phenotyping assumes a crucial role in identifying the specific en-
zymes responsible for the metabolism of drugs or compounds. It not
only greatly contributes to the early assessment of inter-individual
pharmacokinetics for candidate drugs metabolized by polymorphic

CYP isoforms,’ such as CYP2D6,"” CYP2C9,'® and CYP2C19,Y
but also plays a vital role in preventing drug interactions. Notably,
several anticancer agents used in CCA treatment are substrates of
CYPs. These include docetaxel (CYP3A4),2% irinotecan (CYP2B6 and
CYP3A4),>"?2 paclitaxel (CYP2C8, CYP2C9, and CYP3A4),2?* and
erlotinib (CYP3A4).2%2* Conversely, certain anticancer drugs may
exert inhibitory effects on CYPs, such as capecitabine (CYP2C9),
5-fluorouracil (CYP2C9), and sorafenib (CYP2B6, CYP2C8, and
CYP2C9).2 Currently, there is no study available on the metabolism
of the active components of AL. This emphasizes the need for com-
prehensive reaction phenotyping of the specific compound to better
understand its interactions with CYP isoforms and optimize its safe
and effective use in therapeutic applications.

Thus, the present study aimed to identify CYP isoforms respon-
sible for the metabolism of -eudesmol, using human recombinant
CYP (rCYP) and their selective inhibitors. In addition, the kinetics
of the CYP enzyme and metabolic stability of f-eudesmol in the mi-
crosomal system were investigated. -eudesmol was selected as a
representative of AL bioactive constituent due to its high quantity

and stability at body temperature (Table S1).

2 | MATERIALS AND METHODS

2.1 | Chemicals and enzymes

Human liver microsome (HLM), human recombinant CYPs co-
expressed with P450 oxidoreductase (OR) and with or without
cytochrome b, (Supersomes™: CYP1A2-OR, CYP2C9-OR-b,
(Arg,,,), CYP2C19-OR-b;, CYP2D6-OR (Val,,,), and CYP3A4-
OR-b;) were obtained from Corning Life Sciences. p-eudesmol
was purchased from WAKO. Nicotinamide adenine dinucleotide
phosphate tetrasodium salt-reduced form (NADPH), quinidine, and
ketoconazole were obtained from Tokyo Chemical Industry Co., Ltd.
Acetonitrile (HPLC grade) was purchased from Fisher Scientific. a-
naphthoflavone was obtained from Sigma-Aldrich. Sulfaphenazole
and troglitazone were purchased from Cayman Chemical Company.
1,8-Dihydroxyantraquinone (internal standard) was purchased from
MERCK KGaA.

2.2 | HPLC method for p-eudesmol quantification

Quantification of p-eudesmol in the reaction mixture utilized HPLC
with an Agilent Technologies 1260 Quaternary pump VL, 1260 ALS
autosampler, 1260 DAD VL detector, and OpenLAB CDS Software
(version C.01.04). Separation was achieved using a C-18 reversed-
phase column (Thermo Hypersil Gold, 210 x4.6mm, 5um) with an
isocratic mobile phase consisting of water and acetonitrile (15%:85%
v/v) running at a flow rate of 1.0mL/min, with UV detection at
200nm. The method validation for $-eudesmol quantification in-
cluded an assessment of precision and accuracy according to ICH
guidline.?®> The linear range for quantitation of B-eudesmol was
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established from 5 to 200pM. The acceptance criteria mandated
precision and accuracy within 15% for concentrations above the
limit of quantification (LOQ) and within 20% for measurements at

the LOQ concentration.

2.3 | Optimization of $-eudesmol and microsomal
protein concentrations and incubation time

To ensure reaction linearity, the optimal concentrations of microso-
mal protein and p-eudesmol, as well as the reaction incubation time,
were determined. The reaction mixture consisted of HLM in 100mM
potassium phosphate buffer (KPB, pH7.4), B-eudesmol and NADPH
in a total volume of 200uL. Prior to the reaction, p-eudesmol (10-
30pM) was pre-incubated with HLM (0.2-0.5mg/mL) in 100mM
KPB at 37°C for 5min. Subsequently, 1mM NADPH was added to
initiate the reaction, which was further incubated for 10-40min.
The reaction was terminated at specified time point by adding ice-
cold acetonitrile containing internal standard (200uL), and the su-
pernatant was separated through centrifugation at 13000xg (4°C)
for 10min. The B-eudesmol concentration was then analyzed with
an aliquot of 20pL of supernatant subjected to a column. The cor-
responding control was prepared without NADPH. The remain-
ing amount of B-eudesmol (%) was calculated using the following

equation:

Amount of § — eudesmol in the test

Amount of § — eudesmol in the control 100

B — Eudesmol remaining (%) =

(1)

2.4 | Metabolic stability and intrinsic clearance of
p-eudesmol

Following the optimization of linear conditions, HLM and
B-eudesmol at 0.2 mg/mL and 10 uM, respectively, were selected
to investigate metabolic stability and intrinsic clearance. The re-
action was initiated by pre-incubating p-eudesmol with HLM in
100 mM KPB (pH 7.4) at 37°C for 5 min, followed by the addition of
1 mM NADPH, and allowed to incubate for a duration of 0-30 min.
At a predetermined time point, the reaction was terminated by
adding ice-cold acetonitrile containing internal standard (200 pL).
Thereafter, the concentration of p-eudesmol was determined as
the described method, and a corresponding control was prepared
simultaneously without the addition of NADPH. The remaining
amount of B-eudesmol (%) was calculated, and the substrate turn-
over rate (-k) was estimated by plotting the natural log (Ln) of the
remaining amount of f-eudesmol versus time. The half-life (t, ,)

and intrinsic clearance (CL. .) were calculated using specific equa-

int
tions as follows:

In2
typ=—, (2)
L= In2 mL incubation
"t~ Invitro ti,  mgmicrosome 3)
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2.5 | Assay with recombinant human CYP isoforms
To identify the CYP isoform(s) involved in -eudesmol metabolism,
five isoforms of rCYPs were used: rCYP1A2, rCYP2C9, rCYP2C19,
rCYP2Dé6, and rCYP3AA4. A reaction mixture was prepared by com-
bining p-eudesmol (10 pM) and rCYPs (20 pmol/mL) in 100mM KPB
(pH 7.4) with a total volume of 200 uL. After a pre-incubation period
of 5min, the NADPH (1 mM) was added, and the reaction mixture
was incubated for 15 min. At a specified time point, the reaction was
terminated and the sample was prepared for analysis. f-eudesmol
concentration was determined as previously described. The corre-
sponding control was prepared simultaneously without the addition

of NADPH. The remaining amount of p-eudesmol was calculated.

2.6 | Assays with chemical inhibitors of CYPs

To confirmthe specific CYPisoform(s) responsible for the metabolism
of p-eudesmol, selective chemical inhibitors of each CYP isozyme
were employed in the microsomal system. The selective inhibitors
used for CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A4/3A5
were a-naphthoflavone (1 uM), sulfaphenazole (10 pM), troglitazone
(10uM), quinidine (1pM), and ketoconazole (1pM), respectively.
B-eudesmol (10 pM) was pre-incubated with 0.2 mg/mL of HLM and
selective inhibitors in 100mM KPB (pH 7.4) at 37°C for 5min. The re-
action was initiated by adding 1mM NADPH and further incubated
for 15 min. After terminating the reaction, the sample was prepared,
and pB-eudesmol concentration was determined. The corresponding
positive control was prepared without the addition of selective in-
hibitors, and the negative control was incubated without selective
inhibitors and NADPH. The remaining amount of p-eudesmol in the
test and positive systems was calculated using a negative system as

a control, according to the previously described equation.

2.7 | Analysis of CYP enzyme kinetics

The enzyme kinetic parameters of p-eudesmol metabolism in the
microsomal system were determined using the substrate depletion
method. The reaction mixture of 200pL, containing B-eudesmol
(7.5-150 uM) and HLM (0.2mg/mL) in 100mM KPB (pH7.4) was
pre-incubation at 37°C for 5min. Then, the reaction was initiated by
adding 1mM NADPH and further incubated at 37°C for 0-40min.
After the specified time point, the reactions were terminated, and
the sample was prepared to determine 3-eudesmol concentration.
A control without the addition of NADPH was prepared simultane-
ously. The remaining amount of p-eudesmol was calculated.

The natural logarithm of the remaining amount of p-eu-
desmol (%) versus time was plotted to determine the first-or-
der depletion rate constant (Kdep) for each concentration. The
Michaelis-Menten constant, K, was estimated by plotting the

Kdep

calculated from CL; .

versus substrate concentration. Maximum velocity (V__ ) was

max

x K., where CL, . was determined from the
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clearance investigation.

2.8 | Data analysis

The statistical analyses were performed utilizing IBM SPSS software,
version 25 (IBM, NY, USA). Non-normally distributed quantitative var-
iables are presented as median (95% Cl). The Mann-Whitney U test
was applied to compare the differences between the two quantitative
groups. The statistical significance level of all tests was set at a=0.05.

3 | RESULTS

3.1 | HPLC analysis method validation

The analytical method for the determination of B-eudesmol was
shown to be sensitive and specific (Figure S1). All calibration curves
(peak height ratio of f-eudesmol to 1,8-dihydroxyantraquinone, in-
ternal standard) were linear with a correlation coefficient (r2) greater
than 0.995 (refer to Figure S2 as an example). The limit of quantita-
tion (LOQ) of B-eudesmol at a signal-to-noise ratio>10 was 5uM.
The intraday and interday precision (%RSD: relative standard de-
viation) and accuracy (%Bias) of the analytical method ranged from
2.31% to 11.66% and - 3.22% to 17.91%, respectively (Table S2).

3.2 | Optimization of f-eudesmol and microsomal
protein concentration, and incubation time

Following the incubation of B-eudesmol (10-30pM) with HLM
(0.2-0.5mg/mL) for 10-40min, the amount of B-eudesmol was
decreased linearly with HLM concentration and incubation time
(Figure 1). The remaining amounts of p-eudesmol was reduced to
50% of the initial concentrations after 20min of incubation with
B-eudesmol 10puM and 20pM. The amount was dropped to 50%
after 40 min at the initial concentration of 30 uM. The percentage
remaining amounts of 3-eudesmol over time at various concentra-
tions of microsomal protein and substrate are presented in Table S3.
To avoid the use of higher substrate concentration in relation to the
predicted K and to prevent the high turnover rate of -eudesmol,
the concentrations of HLM and p-eudesmol selected for further ex-
periments were 0.2mg/mL and 10 uM, respectively. The incubation
period of 15min was selected to ensure that the remaining amount

of B-eudesmol was detectable by the validated analytical method.
3.3 | Metabolic stability and intrinsic clearance of
B-eudesmol

After incubation of f-eudesmol (10pM) with HLM (0.2mg/mL) in
the presence of the cofactor NADPH for 0-30min, t, , and the CL, ,

p-eudesmol 10 uM

80—
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E ¥ HLM 0.4 mg/mL
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FIGURE 1 The depletion of p-eudesmol over time at various
concentrations of microsomal proteins and substrate. f-eudesmol
at the concentration range of 10-30puM was incubated with HLM
(0.2-0.5mg/mL) and NADPH (1 mM) for 10-40 min.

were 17.09 min and 0.20mL/min-mg protein, respectively. The plot
between the depletion of p-eudesmol versus incubation time and
the percentage remaining amounts of 3-eudesmol are presented in

Figure 2 and Table S4, respectively.

3.4 | Assay with recombinant human CYP isoforms

rCYP1A2, rCYP2C9, rCYP2C19, rCYP2D6 and rCYP3A4 were se-
lected for identification of the involvement of CYPs in the metab-
olism of p-eudesmol. Figure 3 and Table S5 depict the percentage
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FIGURE 2 The depletion of p-eudesmol over time. The
depletion of p-eudesmol was analyzed by incubating 3-eudesmol
(10 pM) with HLM (0.2 mg/mL) in the presence of NADPH (1 mM).
The samples were collected at predetermined time points, and

the concentration of p-eudesmol was then measured. Data are
presented as the median (range) of three independent experiments.

125+
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:g 1004 — . *
: -]
@ 754
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NC 1A2 2C9 2C19 2D6 3A4
Recombinant CYPs

FIGURE 3 The remaining amounts of g-eudesmol following
incubation with human recombinant CYPs (rCYP1A2, rCYP2C9,
rCYP2C19, rCYP2D6 and rCYP3A4). p-Eudesmol (10 uM) was
incubated with rCYPs and NADPH (1 mM) for 15min. The Mann-
Whitney U test was applied to compare the differences between
each two groups. Data are presented as median (95% Cl) from two
independent experiments, triplicate each. *p=.002 compared to
the negative control (NC).

of the remaining amounts of p-eudesmol after 15 min of incubation
with each rCYP isoform. The remaining amount of f-eudesmol in the
negative control without NADPH was considered 100%. A signifi-
cant reduction in the amount of -eudesmol was observed with all
rCYP isoforms (p=.002). The most significant reduction was found
with rCYP2C19 and rCYP3A4 [median (95% Cl) of the remaining
amounts of B-eudesmol: 37.86 (27.86-52.71)% and 33.32 (27.94-
41.58)%, respectively]. For other rCYP isoforms, however, the disap-
pearance of p-eudesmol varied from 20% to 25%.
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3.5 | Assays with chemical inhibitors of CYPs

The contribution of CYPs in the metabolism of p-eudesmol was fur-
ther confirmed by incubating p-eudesmol with a selective inhibitor
for each CYP isoform in the NADPH-containing HLM system. The
remaining amount of B-eudesmol was considered 100% for the nega-
tive control without a selective chemical inhibitor and NADPH. The
incubation system in the presence of NADPH but without a selective
inhibitor served as the positive control. Figure 4 and Table S6 show
the remaining amounts of p-eudesmol after 15min of incubation with
selective chemical inhibitors. Compared with negative control, the
remaining amount of p-eudesmol was significantly lower in both the
positive control and test systems (p=.002 for CYP2C9, CYP2C19,
CYP2D6; p=.003 for positive control, p=.004 for CYP1A2; and
p=.04 for CYP3A4). Compared with the positive control, the signifi-
cantly higher level of remaining amounts of p-eudesmol was observed
only with CYP2C19 and CYP3A4 systems (p=.028) [median (95%
Cl): 51.29 (45.98-74.63)%, 72.52 (60.00-82.35)% and 74.11 (58.53-
101.05)% for positive control, CYP2C19 and CYP3A4, respectively].

3.6 | Analysis of CYP enzyme kinetics

The kinetics of CYP-mediated metabolism of p-eudesmol was inves-
tigated by incubating the compound in an NADPH-containing HLM
system. The concentrations of B-eudesmol used were 7.5, 10, 20,
30, 40, 60, 100, and 150 uM. The natural logarithm of the remaining
amount of p-eudesmol (%) over time for each concentration which
provides Kdep values, is shown in Figure 5 and Table S7. Based on
the plot between Kdep and substrate concentration (Figure 6), the K|
andV, . were 16.76 uM and 3.35 nmol/min-mg protein, respectively.

4 | DISCUSSION

In the past decades, there has been a substantial increase in interest
and exploration of herbal products as a complementary and alterna-
tive medicine for the prevention and treatment of various diseases.?
In addition, concurrent use of multiple medications, including herbal
medicine, has been increasing.”’28 Although herbal medicines are
widely used and are considered safe due to the long history of their
traditional uses, their complex chemical composition raises concerns
regarding potential interactions with other traditional products or
prescribed medications.

The CYP modulatory activities of the AL and its major active
compounds, atractylodin, and p-eudesmol, have been investigated
both in vitro and in vivo.**°> Nevertheless, there is currently no
available study that identifies the specific CYP enzyme(s) responsible
for the metabolism of AL or its major constituents. This knowledge
gap motivated our study to investigate the metabolizing enzyme(s)
involved in AL metabolism using p-eudesmol as the marker com-
pound due to its relatively high quantity (6%) and stability at body
temperature (Table S1). Since certain amout of f-eudesmol was lost



MUHAMAD and NA-BANGCHANG

BRITISH
T PHARMACOLOGICAL
SOCIETY

during incubation due to the effect of temperature, we employed
an incubation system that excluded NADPH as a control for each
specific time point. Despite atractylodin being the most abundant
in AL rhizome (14%), its instability at incubation temperature (37°C)
precluded its use as the marker compound for this investigation.
This study selected the concentration of p-eudesmol based on
the reaction phenotyping investigation protocol. Although the rec-
ommended initial substrate concentration is typically lower than K |
(=1 pM),29 B-eudesmol at a higher concentration of 10pM was se-
lected to improve the sensitivity of the HPLC analysis. The five major
human CYPs, namely, rCYP1A2, rCYP2C9, rCYP2C19, rCYP2D6,
and rCYP3A4, were selected for the phenotyping investigation.
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FIGURE 4 The remaining amounts of g-eudesmol following
incubation with selective chemical inhibitors of CYP1A2,
CYP2C9, CYP2C19, CYP2Dé, and CYP3A4. f-eudesmol (10 uM)
was incubated with HLM (0.2 mg/mL) and NADPH (1 mM) in the
presence or absence of selective inhibitors for 15min. The Mann-
Whitney U test was applied to compare the differences between
each two groups. Data are presented as median (95% Cl) from
two experiments triplicate each. *p=.002, **p=.003, ***p=.004,
***x = 04 compared to the negative control (NC) and #p=.028
compared to the positive control (PC).
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During the incubation of B-eudesmol with each rCYP, a significant
disappearance profile of B-eudesmol was observed, suggesting
possible contributions of these five CYP enzymes to the biotrans-
formation of p-eudesmol. However, upon using selective chemical
inhibitors for each CYP in the HLM system, a significant higher level
in the remaining p-eudesmol was only evident in the presence of
CYP2C19 and CYP3A4 inhibitors compared with the positive con-
trol (the incubation system in the presence of NADPH but without
a selective inhibitor). This specific pattern of disappearance strongly
indicates that CYP2C19 and CYP3A4 substantially contribute to the
metabolism of p-eudesmol. Our earlier research showed that p-eu-
desmol acts as an inhibitor of rCYP2C19 and rCYP3A4." This may
suggest that p-eudesmol might have a dual role, functioning both
as an inhibitor and a substrate for these CYP enzymes. In another
previous study involving ligand-binding spectroscopy of rCYPs pre-
pared using Escherichia colimembrane, considerable binding of -eu-
desmol to CYP1A2 and CYP3A4, but not CYP2C9, CYP2C19, and
CYP2D6 were reported.®° The discrepancy between the current and
previous studies might be due to the different techniques applied in
the experiments. Furthermore, binding affinity could be affected by
several factors, including conformation of rCYP, substrate concen-
tration, and the ability to escape rCYP of the ligand, [3-eudesmo|.31
The final experiment for the reaction phenotyping was the de-
termination of CYP enzyme kinetics in the HLM system. Due to the
unavailability of technical analysis to identify metabolite(s) of B-eu-
desmol, we utilized the substrate depletion method for enzyme ki-
netic analysis.29 Based on the plot between depletion constant and
substrate concentration, the K of 16.76uM was higher than the
concentration of B-eudesmol (10puM) used in earlier experiments.
This was due to a relatively low concentration of HLM used in the
study, which provided a moderate turnover rate of p-eudesmol. The
estimated V.. was an approximate value due to the high initial con-
centration of B-eudesmol used for CL,, and K determination. The
K, and V__ indicate the enzyme affinity for the substrate and its
catalytic activity, respectively, while CL; ; indicates the efficiency of
an enzyme-catalyzed reaction. Although specific cut-off values for
both parameters are not available, the estimated K, value is relatively

high, suggesting the lower affinity of -eudesmol to microsomal CYP

B-Eudesmol 7.5 uM
f-Eudesmol 10 uM
f-Eudesmol 20 uM

[-Eudesmol 30 uM

FIGURE 5 The depletion of
B-eudesmol at various concentrations.
B-eudesmol at the concentration range
of 7.5-150 uM were incubated with HLM
(0.2mg/mL) in the presence of NADPH.
The samples were collected at specified
time points. Data are presented as the
median (range) of three independent
experiments.

B-Eudesmol 40 uM
-Eudesmol 60 uM
-Eudesmol 100 uM
[-Eudesmol 150 uM
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FIGURE 6 The plot of in vitro depletion rate constants, K,
versus f-eudesmol concentrations.

ep’

enzymes compared with other compounds reported in previous stud-
ies.323% Additionally, the estimated V.. @and CL, . from the current
study were high, which may suggest slight elevation of catalytic ac-
tivity and the efficiency of enzyme-catalyzed reactions. The variation
in the estimation values is likely attributed to the use of an analytical
method with low sensitivity. To achieve accurate estimation there-
fore, high concentrations of p-eudesmol were used in the experiment.
Furthermore, as recommended, the substrate concentration used for
CL,

int determination should be <1uM, and the K should be calculated

from 50% of the theoretical maximum rate at a very low substrate
concentration. Therefore, to obtain precise values for K, V.., and
CLint’

for the determination of -eudesmol, which would enhance analytical

it is imperative to employ a high-sensitivity analytical method

efficiency, particularly at lower concentrations of p-eudesmol.

Several anticancer agents used for CCA treatment are substrates
of CYPs, including docetaxel (CYP3A4),%° irinotecan (CYP2Bé6 and
CYP3A4),222 paclitaxel (CYP2C8, CYP2C9, and CYP3A4),2%%3 and
erlotinib (CYP3A4).2%?* Some anticancer drugs are also the inhibitors
of CYPs, such as capecitabine (CYP2C9), 5-FU (CYP2C9) and sorafenib
(CYP2B6, 2C8, 2C9).2* Moreover, several drugs used for supportive
care during cancer treatment and concurrent diseases or symptoms,
particularly venous thromboembolism (VTE), were reported to mod-
ulate CYP3A4 activity. These included antiemetic drugs (ondansetron
and aprepitant) and antithrombotic drugs (rivaroxaban, apixaban, and
edoxaban), which are substrates of CYP3A4, and antifungal drugs (flu-
conazole and itraconazole) which are inhibitors of CYP3A4.34%° Given
that AL has been developed for clinical use as an adjunctive therapy
for CCA, it is likely to be co-administered with first-line chemothera-
peutic drugs. This co-administration could potentially lead to interac-
tions with these medications due to -eudesmol acting as a substrate
and inhibitor for CYP2C19 and CYP3A4 enzymes.

Our study highlights potential information for protecting against
herb-drug interactions. However, certain limitations exist, includ-
ing the absence of a highly sensitive analytical method for g-eudes-
mol determination at low concentrations and the unavailability of
an analytical approach for identifying -eudesmol metabolites. To
deepen our understanding of p-eudesmol metabolism and its asso-
ciated pathway, the sensitive and specific analytical method for me-
tabolite identification should be developed. Furthermore, exploring
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B-eudesmol metabolism involving non-CYP enzymes could vyield
valuable insights and assist in reducing the risk of herb-drug inter-
actions when combining AL with standard chemotherapy in CCA

patients.

5 | CONCLUSION

The CYP enzymes, particularly CYP2C19 and CYP3A4 isoforms, play
a significant role in f-eudesmol metabolism. As a component of AL,
B-eudesmol as a substrate and inhibitor of CYP2C19 and CYP3A4,
has a high potential for drug-drug interactions when AL is co-admin-
istered with other herbs or conventional medicines.
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