ARTICLE

Vol. 11, No. 4, 2020
ISSN 2233-4203/ e-ISSN 2093-8950
www.msletters.org | Mass Spectrometry Letters

Inhibitory Potential of Bilobetin Against CYP2J2 Activities in Human Liver

Microsomes

Zhexue Wu'*, Su-Nyeong Jang®, So-Young Park™, Nguyen Minh Phuc*?, and Kwang-Hyeon Liu**

"Mass spectrometry convergence research institute, Kyungpook National University, Daegu 41566, Korea

’BK21 FOUR Community-Based Intelligent Novel Drug Discovery Education Unit, College of Pharmacy and Research
Institute of Pharmaceutical Sciences, Kyungpook National University, Daegu 41566, South Korea

Vietnam Hightech of Medicinal and Pharmaceutical JSC, Group 11 Quang Minh town, Hanoi 100000, Vietnam

Received December 13, 2020; Revised December 29, 2020; Accepted December 29, 2020
First published on the web December 31, 2020, DOI: 10.5478/MSL.2020.11.4.113

Abstract : Cytochrome P450 2J2 (CYP2J2) is a member of the cytochrome P450 superfamily, and is known to be arachidonic
acid epoxygenase that mediates the formation of four bioactive regioisomers of epoxyeicosatrienoic acids (EETs). CYP2J2 is
also involved in the metabolism of drugs such as albendazole, astemizole, danazol, ebastine, and terfenadine. CYP2J2 is highly
expressed in the heart and cancer tissues. In this study, the inhibitory potential of ten natural products against CYP2J2 activity
was evaluated using human liver microsomes and tandem mass spectrometry. Among them, bilobetin, which is a kind of biflavo-
noid, exhibits a strong inhibitory effect against the CYP2J2-mediated astemizole O-demethylation (IC5,= 0.73 uM) and terfena-
dine hydroxylation (ICs, = 0.89 uM). This result suggests that bilobetin can be used as strong CYP2J2 inhibitor in drug

metabolism study.
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Introduction

Cytochrome P450 2J2 (CYP2J2) is an arachidonic acid-
metabolizing enzyme highly expressed in the heart,
kidneys, lungs, small intestine and gastrointestinal tract.'™
CYP2J2 plays an important role in the metabolism of human
endogenous substances, such as arachidonic acid,! linoleic
acid,’ docosahexaenoic acid,®’ eicosapentaenoic acid’ and
vitamin D3.* CYP2J2 also involved in the metabolism of
xenobiotics such as albendazole,” apixabam,10 danazol,"!
ebastine,'? eperisone, " thioridazine," and vorapaxar.'

Meanwhile, it has been reported that CYP2J2 is
overexpressed in human tumor tissues and tumor cells.”"”
In various tumor types, overexpression of CYP2J2 and
elevated epoxyeicosatrienoic acids (EETs) promote cancer
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cell proliferation, migration and adhesion.'™'" In addition,
accumulating evidence on the relationship between
CYP2J2 and anti-cancer activity in hepatocellular
carcinoma suggest that inhibition of CYP2J2 enzyme
activity by chemicals might introduce novel therapeutics
for the treatment of cancer via down-regulation of EETs
biosynthesis."” Several CYP2J2 inhibitors such as
decusrin,”  tanshinone IIA," acetylshikonin,“’ and
broussochalcone A"’ showed anti-cancer effects in vitro
and in vivo by reducing EET biosynthesis. However, little
data are available on the CYP2J2 inhibitors to date.

To identify a new CYP2J2 inhibitor, 10 natural products
obtained from medicinal plants were screened for their
CYP2J2 inhibitory potential in human liver microsomes
(HLMs) using astemizole as CYP2J2 substrate. The ten
classes of natural products include 6,8-diprenylorobol
(flavonoid), Dbilobetin (biflavonoid), geniposide (iridoid
glycoside), gomisin A (lignan), physcion (anthraquinone),
patchoulialcohol  (sesquiterpenoid),  pellitorine  (amide
alkaloid), resveratrol (stilbenoid), syringin (phenylpropanoid),
and tomentosin (sesquiterpene lactone) (Figure 1).

Experimental

Materials

Astemizole, O-desmethyl astemizole, terfenadine, and
terfenadine alcohol were purchased from Toronto Research
chemicals (North York, Canada). Glucose-6-phosphate
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Figure 1. Chemical structure of ten natural products used in this study.

(G6P), glucose-6-phosphate dehydrogenase (G6PDH), and
b-nicotinamide adenine dinucleotide phosphate (NADP")
were obtained from Sigma—Aldrich (St. Louis, MO). Ten
natural products were purchased from BioCrick Biotech
(Chengdu, China), Sigma-Aldrich (St. Louis, MO, USA),
and Ensol Biosciences Inc (Daejeon, Korea). Pooled
human liver microsomes (HLMs; H0630) were purchased
from XenoTech (Lenexa, KS, USA). All the other solvents
were LC-MS grade (Fisher Scientific Co., Pittsburgh, PA,
USA).

CYP2J2 inhibitor screening

All incubations were performed in triplicate and the data
are presented as average values. The inhibitory effect of ten
natural products against CYP2J2-mediated astemizole O-
demethylase activity was determined using pooled HLMs
in both the presence and absence of test chemicals.” In
brief, incubation mixtures (final volume, 100 pL) were
composed of HLMs (0.25 mg/mL), astemizole (1 uM), and
inhibitor (5 uM). The reaction was initiated by the addition
of NADPH-generating system (containing 1.3 mM
NADP", 3.3 mM G6P, 3.3 mM MgCl,, and 500 unit/mL
G6PDH) after pre-incubation for 5 minutes at 37°C. To
determine the inhibitory potentials (ICs, values) of
bilobetin  for  CYP2J2-catalyzed astemizole O-
demethylation® and terfenadine hydroxylation® in HLMs,
bilobetin (0, 0.2, 0.5, 2, 5, 20 uM) was added to reaction
mixtures containing astemizole (1 pM) or terfenadine
(0.2 uM). After pre-incubation at 37°C, the reaction was
initiated by the addition of NADPH generating system. The
reaction was terminated by the addition of 100 pL ice-cold
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acetonitrile containing 100 nM of mebendazole (internal
standard, IS) after 20 minutes incubation. After mixing and
centrifugation at 14,000g for 5 minutes, supernatants (1 pL)
were analyzed by liquid chromatography-triple quadrupole
mass spectrometry (LC-MS/MS). The reaction rates were
linear with incubation time and microsomal protein
amount.”

Analysis of desmethylastemizole and terfenadine alcohol
O-Desmethylastemizole and terfenadine alcohol were
analyzed by LC-MS/MS as described previously,” using a
Shimadzu LCMS-8040 triple quadrupole mass spectrometer
(Shimadzu, Tokyo, Japan). The analytes were separated on a
reversed-phase column (Luna C18, 50 x 2 mm id., 3 um
particle size; Phenomenex, Torrance, CA). The mobile phase
consisted of 0.1% formic acid in water (A) and 0.1% formic
acid in acetonitrile (B). The flow rate was 0.2 mL/min. For the
analysis of O-desmethylastemizole, the mobile phase B was
linearly increased from 10 to 50% over 3 min, held at 50%
for 0.1 min, and then immediately stepped back down to
10% for re-equilibration for 6 min. The retention time of
O-desmethylastemizole and mebendazole were 3.58 min
and 4.59 min (Figure 2A and 2B). For the analysis of
terfenadine alcohol, the mobile phase B was linearly
increased from 10 to 50% over 6 min, held at 50% for 0.1
min, and then immediately stepped back down to 10% for
re-equilibration. The retention time of terfenadine alcohol
and mebendazole were 5.23 min and 5.61 min (Figure 2C
and 2D). Quantitation was carried out in the selected
reaction monitoring (SRM) of the [M+H]" ion and the
related product ion for each metabolite and IS. The
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Figure 2. LC-MS/MS selected ion chromatograms of O-desmethyl astemizole (A), mebendazole (B and D), and terfenadine alcohol (C).

following SRM transition ions were monitored: O-
desmethylastemizole (m/z 445 — 204), terfenadine alcohol
(m/z 488 — 452), and mebendazole (m/z 296 — 264)
(Figure 2).

Data analysis

Results are expressed as the mean + S.D. of estimates
obtained from pooled HLMs triplicate experiments.
Percentage inhibition was calculated as the ratio of
metabolite formation in the presence and absence of the
specific inhibitor. Calculations were performed using
WinNonlin software (Pharsight, Mountain View, CA).

Results and Discussion

CYP2J2 is a metabolic enzyme mainly expressed in
extrahepatic tissues.”* In addition, CYP2J2 is highly
expressed in a variety of cancer cell lines and tissues.'
CYP2J2 plays an important role in the cancer cell
proliferation, migration and adhesion.”

In this study, ten natural products having different
structural scaffolds such as flavonoid, biflavonoid, iridoid
glycoside, lignan, anthraquinone, phenylpropanoid,
sesquiterpenoid, amide alkaloid, stilbenoid, and
sesquiterpene lactone (Figure 1) were screened as potential
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Figure 3. Inhibitory effects of ten natural products (5 uM)
against CYP2J2-mediated astemizole O-demethylation activity.

CYP2J2 inhibitors. Among ten natural products tested,
bilobetin showed strong inhibition of astemizole O-
demethylation activity. Bilobetin (5 M) strongly inhibited
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Figure 4. Inhibitory effects of bilobetin on CYP2J2-mediated astemizole O-demethylation (A) and terfenadine hydroxylation (B)

activities.

Table 1. Inhibitory potential of bilobetin against the activities of
CYP2J2 in human liver microsomes

Substrate Enzyme activity 1Cso (LM)
Astemizole Astemizole O-demethylation 0.73
Terfenadine Terfenadine hydroxylation 0.89

CYP2J2-mediated astemizole O-demethylation activity (>
80%), while the inhibitory effects of other nine natural
products were negligible or weak (< 30%) (Figure 3).

We performed further experiment for the estimation of
ICs, value of bilobetin because bilobetin showed stronger
inhibitory potential against CYP2J2 activity than other
nine compounds. Bilobetin strongly inhibited CYP2J2-
mediated astemizole O-demethylation activity in a
concentration-dependent manner, with an ICs, value of
0.73 uM (Figure 4 and Table 1). Bilobetin also inhibited
CYP2J2-catalyzed terfenadine hydroxylation activity with
in a substrate-independent manner with an ICs, value of
0.89 uM in HLMs (Figure 4 and Table 1). Its CYP2J2
inhibitory potential was more potent than that of
acetylshikonin'® (ICs, = 4.3 pM), broussochalcone A"
(ICso = 5.57 uM), decursin® (ICs, = 6.95 uM), thelephoric
acid®' (ICs, = 3.23 uM), and tanshinone 1A' (ICs, =
2.5 uM). Its inhibitory potential was also stronger than that
of LKY-047% (ICs, = 1.7 uM) known as strong CYP2J2
inhibitor. Therefore, bilobetin, along with LKY-047, might
be used as strong CYP2J2 inhibitor in drug metabolism
study.

Bilobetin is a biflavonoid isolated from the leaves of
Ginkgo biloba*® Selaginellin, a biflavonoid isolated from
Selaginella tamariscina, also showed similar CYP2J2
inhibitory potential®’ (ICs, = 0.8 uM). Bilobetin exhibited
anti-proliferative activities by inducing apoptosis of cancer
cells.”® Finally, given that CYP2J2 may represent a potential
target for cancer therapy,” studies are currently underway to
evaluate bilobetin as a potential anti-cancer agent.
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Conclusions

In conclusion, we identified bilobetin as a strong CYP2J2
inhibitor through the screening of ten natural products.
Bilobetin inhibited CYP2J2 activity with ICs, values of
0.73~0.89 mM in a CYP2J2 substrate-independent manner.
Our data suggest that bilobetin could be used as a strong
CYP2J2 inhibitor in drug metabolism study.
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