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Abstract

Purpose: To investigate the effects of the herbal medicine Anethum graveolens L. (AG) on the
expressions of phase | and Il metabolizing genes in HepG2 cells in order to gain insight into the
metabolism of AG.

Methods: HepG2 cells (5 x 10° cells/well) were treated with either 10 uM ketoconazole, 20 uM
rifampicin, or AG extract (60 - 480 ug/mL) for 72 h. Cell viability and reactive oxygen species (ROS)
production were assessed using resazurin and 2' 7"-dichlorofluorescein diacetate assays, respectively.
The mRNA expression of phase | (CYP1A2, CYP2C19, CYP2D6, and CYP3A4) and phase Il
metabolizing enzymes (UGT1A6 and NAT1) were determined using reverse transcription-real-time
polymerase chain reaction (QRT-PCR).

Results: ROS production was not affected by the various treatments. The highest concentration of AG
(480 ug/mL) reduced cell viability to 63.33 %. The expressions of CYP1A2, CYP2C19, CYP2D6, and
NAT1 mRNA were significantly elevated after 72-h AG treatment.

Conclusion: The use of AG as an alternative medicine, particularly at high concentrations and/or after
prolonged use, poses a risk for herb-drug interactions due to the up-regulation of CYP1A2, CYP2C19,
CYP2D6, and NAT1 expression by AG in HepG2 cells.
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INTRODUCTION cultivated in Europe, North America, and Asia.

AG is extensively used as a condiment, as an
Anethum graveolens L. (AG; dill or Phak Chee ingredient in vinegars and pastries, and as an
Lao in Thai; Figure 1) is an annual plant of the herbal medicine in treating and preventing
family Apiaceae (Umbelliferae) that is widely various ailments due to its anti-hyperlipidemic,
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anti-glycemic, anti-microbial, anti-inflammatory,
analgesic, anti-secretory, anti-spasmodic, and
anti-oxidant properties [1]. Extracts of AG were
shown to reduce serum cholesterol levels and
prevent insulin sensitization in clinical trials [2],
and have shown hepatoprotective and
antioxidant activities in hypercholesterolemic N-
Mary rats [3]. Furthermore, essential oils from
AG have exhibited in vitro antibacterial and anti-
fungal activities [4]. The metabolism of AG has
not been extensively studied, but two reports
noted that carvone, a major essential oil of AG,
affects the regulatory pathways of phase | and
phase Il metabolizing enzymes, which could
potentially cause herb-drug interactions (HDIs)
[5].

Figure 1: Morphology of Anethum graveolens L. (a),
roots (b), and leaves (c)

Both phase | and phase |l metabolism play
critical roles protecting the body from
endogenous and exogenous compounds.
Cytochrome P450 (CYP450) is a chief super-
family of metabolic enzymes that is mainly
responsible for phase | bioactivation and
detoxification of exogenous compounds. CYP450
enzymes act by catalyzing the oxidation,
reduction, or hydrolysis of exogenous
compounds and over 90% of drugs and
xenobiotics are metabolized by five isoforms:
CYP1A2, CYP2C9, CYP2C19, CYP2D6, and
CYP3A4/5 [6]. Transferases are the major
enzymes in phase Il metabolism. Transferases
such as UDP-glucuronosyltransferases (UGTs)
and N-acetyltransferases (NATs) facilitate the
conjugation of metabolites from phase | or their
parent compounds [7].

The human hepatocellular carcinoma cell line
(HepG2) is commonly employed as a surrogate
for human primary hepatocytes due to the
limitations of working with primary cells
(unpredictable availability, limited life span, high
cost of operation, inter-individual variability, and
complicated isolation and culture procedures) [8].
HepG2 cells are used because almost of their
genes possess low basal expression and
inducibility.

EXPERIMENTAL
Chemicals

Dulbecco’s modified Eagle medium (DMEM)
supplemented with 1 g/L D-glucose, 2.5 mM L-
glutamine, 110 mg/mL sodium pyruvate, and 5 %
(v/v) fetal bovine serum (FBS) was obtained from
Gibco® (Life Technologies™, MA, USA).
Rifampicin, ketoconazole, resazurin, and 2',7'-
dichlorodihydrofluorescein diacetate (DCFH-DA)
were purchased from Sigma-Aldrich (St. Louis,
Missouri, USA). Forward and reverse primers for

CYP1A2, CYP2C19, CYP2D6, CYP3A4,
UGT1A6, NAT1, and GAPDH genes were
synthesized by Bio Basic, Inc. (Markham,

Ontario, Canada). All other laboratory chemicals
were of the highest purity from commercial
suppliers.

Sample preparation

The AG extract (Petty patent No. 16714,
Department of Intellectual Property of Thailand)
was provided by the Research Institute for
Human High Performance and Health Promotion,
Khon Kaen University, Thailand. Briefly, aerial
parts of AG were dried, powdered, and
macerated for 72 h in 95 % ethanol before
evaporation and freeze-drying to obtain the AG
extract

Cell culture

The HepG2 cells (ATCC® HB-8065, Manassas,
USA) were seeded in a 24-well plate at density of
5 x 105 cells/well at 37 °C, 5 % CO2 and 95 %
relative humidity for 48 h. Then, the cells were
treated with 0.2% dimethylsulfoxide (DMSO;
control), 20 uM rifampicin (a typical inducer), 10
uM ketoconazole (a typical inhibitor), or the AG
extract (concentrations ranged from 60 to 480
pg/mL) for 72 h. The medium was collected for
assessment of cell viability and determination of
levels of reactive oxygen species (ROS). The
cells were collected for preparation of total RNA
and quantitative determination of mMRNA
expression using reverse transcription and real-
time polymerase chain reaction (RT-gPCR).

Assessment of cell viability

Cell viability was assessed using the resazurin
assay. A 72-h medium was mixed with 1 mM
resazurin before incubation in 5 % CO2 at 37 °C
for 1 h. Cell viability (%) was calculated from the
increased fluorescence intensity at excitation of
530 nm and emission of 580 nm [9].
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Determination of reactive oxygen species
(ROS)

The ROS level was determined by 2'7'-
dichlorofluorescein diacetate (DCFH-DA) method
[10]. The medium was mixed with 0.06 pM
DCFH-DA and incubated at room temperature in
the dark for 40 min. DCFH-DA reacts with ROS
in the medium and generates highly fluorescent
dichlorofluorescein (DCF). Fluorescence intensity
was measured at excitation wavelength of 484
nm and emission of 530 nm. ROS level was
calculated by comparison with a standard curve
of hydrogen peroxide (2.5 - 20 uM).

Quantitative  determination @ of mRNA
expression
Total RNA was extracted from cells using

guanidinium thiocyanate-phenol-chloroform
method [11]. Concentration and purity were
examined at 260/280 and 260/230 nm,
respectively, using a NanoDrop 2000c UV-Vis
Spectrophotometer (NanoDrop Technologies,
Inc., Thermo Fisher Scientific, MA, USA).
Integrity of total RNA was analyzed by 1.25 %
agarose gel electrophoresis. Then, total RNA
was converted to cDNA using ReverTraAce®
(Toyobo Co. Ltd, Osaka, Japan) at 25 °C for 10
min, 42 °C for 60 min, and 95 °C for 5 min and
cDNA was amplified to determine expressions of
phase | CYP450s (CYP1A2, CYP2C19,
CYP2D6, and CYP3A4), phase Il (UGT1A6 and
NATT) metabolizing enzymes, and a reference
gene, GAPDH with specific forward and reverse
primers for each gene (Table 1) under conditions
recommended by the supplier [12]. The mRNA
level was normalized to that of GAPDH and
expressed as relative fold expression using
delta-delta Ct method.

Statistical analysis

The results are expressed as mean + standard
deviation (SD). Statistical analysis was
performed using one-way ANOVA with Tukey’s
statistical post hoc test. SPSS version 26.0
(Armonk, New York, USA) was used for the
statistical analysis. Statistical difference was set
atp <0.05.

RESULTS

Effect of AG on cell viability and ROS level in
HepG2 cells

After cells 72 h incubation, all treatments did not
affect the viability of HepG2 cells, except for the
highest concentration of AG extract, which
produced a decrease to 63.33 % cell viability
(Figure 2 A). The ROS levels were unchanged by
all treatments including typical modifiers and AG
extracts (Figure 2 B). Hence, concentrations of
AG extract ranging from 60 to 240 ug/mL were
employed for investigation of phase | and Il
metabolism in HepG2.
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Figure 2: Effect of AG extract on cell viability and
ROS level in HepG2 cells. CT, 0.2% DMSO; K; 10 uM
ketoconazole; R; 20 uM rifampicin; AG, Anethum
graveolens L. n = 4; *p < 0.05 versus CT

Table 1: Primer sequences for determination of human metabolizing genes

Gene Forward and reverse primers (5°®3’) Tannealing ('C) Product size (bp)
ez f AoMSSSROACRCCTm
crercrs f, SATICTmCCACGCCTe
s T, fSOTIICTGSTORCCOORTC
v STTONCOWCSCISCATIM w0 W
s, ASSCCRcRCECTeTOTCCTA we
wrF SATIomMGCosomones,
S iseossncss v m
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Effect of AG extract on mRNA expression of
phase | metabolizing genes in HepG2 cells

The effects of AG extract on the expression of
CYP1A2, CYP2C19, CYP2D6, and CYP3A4
mRNA in HepG2 cells were analyzed. The 120
and 240 pg/mL concentrations of AG extract
significantly up-regulated the expression of
CYP1A2 (148 and 1.7-fold increase in
expression compared to control, respectively)
and CYP2C19 (2.39 and 4.15-fold increase in
expression compared to control, respectively) in
HepG2 cells (all p < 0.05; Figures 3A and 3 B).
Ketoconazole extensively elevated expressions
of CYP1A2 11.87-fold, while CYP1A2 expression
was unchanged by rifampicin (Figure 3 A).
Notably, neither ketoconazole nor rifampicin
modified CYP2C19 expression (Figure 3 B).
Expression of CYP2D6 was significantly induced
at all concentrations of AG extract (2.00- to 2.56-
fold, p < 0.05) and ketoconazole (5.40-fold, p <
0.05), while rifampicin did not affect CYP2D6
expression (Figure 3 C). Expression of CYP3A4
was  significantly  up-regulated by both
ketoconazole (increased 6.60-fold, p < 0.05) and
rifampicin (increased 2.96-fold, p < 0.05), but not
by AG extract (Figure 3 D). These observations
suggest that AG extract meaningfully induced the
mRNA expression of CYP1A2, CYP2D6, and
CYP2C19
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Figure 3: Effect of AG extract on the mRNA
expressions of phase | metabolizing genes. CT, 0.2%
DMSO; K; 10 uM ketoconazole; R, 20 uM rifampicin;
AG, Anethum graveolens L. n=4;*p <0.05vs CT

Effect of AG extract on mRNA expressions of
phase Il metabolizing genes in HepG2 cells

Conjugation of parent compound(s) and/or phase
| metabolite(s) arel/is predominantly catalyzed by
phase Il metabolism [7]. Expression of UGT1A6
was significantly induced by ketoconazole (3.77-
fold, p < 0.05), but not by rifampicin and AG
extract (Figure 4 A). Likewise, expression of

NAT1 was significantly up-regulated by
ketoconazole (4.65-fold, p < 0.05) (Figure 4 B).
Interestingly, the highest concentration of AG
extract (240 ug/mL) induced expression of NATT1,
increasing the mMRNA level by 2.32-fold
compared to the control (p < 0.05).

R UGTTAE

BINATI

= en
[

s

(LG T1ABG SPDH)
Y

Fold difference

Fold difference
(NATIGAPDH)
o

Figure 4: Effects of AG extract on the mRNA
expressions of phase Il metabolizing genes. CT, 0.2%
DMSO; K, 10 uM ketoconazole; R; 20 uM rifampicin;
AG; Anethum graveolens L. n = 4; *p < 0.05 versus
CT.

DISCUSSION

AG is used as an alternative medicine due to
several pharmacological properties, but the
safety and metabolism of AG extracts have not
been determined. AG extract at the highest
tested concentration (480 pug/mL) exhibited
cytotoxicity in HepG2 cells after 72-hour
treatment, while concentrations ranging from 60
to 240 pg/mL did not impair cell viability or
increase ROS levels. Nevertheless, AG may
influence the effectiveness of clinical drugs by
up-regulating important genes in phase |
(CYP1A2, CYP2D6, and CYP2C19) and phase Il
(NAT1) metabolism, which then poses a risk for
the development of AG-clinical drug interactions.

As AG extract at high concentrations (120 and
240 pg/mL) induced expression of CYP1A2 and
CYP2C19 mRNA polypharmacy of AG with drugs
that are metabolized by these enzymes are of
concern, especially when using AG in high
amounts. The CYP1A2 substrates include anti-
psychotics (e.g., olanzapine and clozapine),
anesthetics (e.g., lidocaine and zolpidem),
antipyretics  (e.g., acetaminophen), and
cardiovascular drugs (e.g., propranolol) and
CYP2C19 substrates include an anti-convulsant
(e.g., mephenytoin), anti-acid secretory agents
(e.g., omeprazole and pantoprazole), and anti-
depressants (e.g., amitriptyline and imipramine).
Metabolism of these commonly used drugs at
higher rates could result in sub-therapeutic
doses. On the other hand, drugs that are
metabolically activated by CYP1A2 and
CYP2C19, such as antiandrogens (e.g.,
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flutamide) and anticoagulants (e.g., clopidogrel)
[6,13], might be increasingly biotransformed by
AG.

AG extract also induced NAT1 expression.
Hence, caution should be warned for combining
AG at high amounts (over 120 pug/mL) with NAT1
substrates, such as anti-inflammatory agents
(e.g., 5-aminosalicylate (5-AS) [14]. Although
NAT1 is not mainly involved in the metabolism of
clinical drugs, it has been reported to be involved
in carcinogenesis, e.g., bladder, breast, and
colorectal cancers, via carcinogen-activating
acetylation [7]. Correspondingly, AG extract-
induced CYP1A2 expression, and CYP1 has
been shown to participate in the bioactivation of
procarcinogens to active carcinogens.
Expression of CYP1A2 surged in bladder cancer
when compared to normal tissues [15].
Consequently, the potential involvement of AG in
the development of cancers should be examined.

All  concentrations of AG extracts activated
CYP2D6, potentially leading to a high risk of HDI
when co-administered with CYP2D6 substrates,
e.g. anti-histamines (chlorpheniramine,
diphenhydramine, and loratadine), anti-cancer
agent (tamoxifen), anti-tussive drug
(dextromethorphan), anti-depressants
(amitriptyline,  duloxetine, imipramine, and
venlafaxine), anti-nausea (ondansetron),
antipsychotics (aripiprazole and risperidone), f3-
blockers (carvedilol and propranolol), and opioids
(codeine and tramadol) [16]. Accordingly, the
concomitant use of CYP2D6 substrates and AG
should be avoided.

While AG extract did not significantly induce
expression of CYP3A4, the predominant clinical
drug metabolizing gene, it did affect CYP3A4
expression. Therefore, it is worthwhile to
consider the effect of AG on the wide range of
CYP3A4 substrates such as
immunosuppressants, antibiotics, anti-
tumorigenics, anti-hyperlipidemic drugs, anti-
hypertensive drugs, anti-hyperglycemic drug,
anti-depressants, opioids, and steroids [6].

Ketoconazole is a well-known inhibitor of
CYP2C9, CYP2C19, and CYP3A4 enzymes due
to its antagonistic effects on constitutive
androstane receptor (CAR), glucocorticoid
receptor (GR), liver X receptor (LXR),
peroxisome proliferator-activated receptor
gamma (PPARy), and farnesoid X receptor
(FXR). In contrast, the partial agonistic and
agonistic effects of ketoconazole on pregnane X
receptor (PXR) and aryl hydrocarbon receptor
(AhR) significantly up-regulate the expressions of
CYP1A2, CYP3A4, and UGT1A6 [17].

Ketoconazole induced expression of CYP1A2
mRNA in primary human hepatocytes through
the AhR regulatory pathway [18] and induced
UGT1A6 mRNA expression via PXR and AhR
activation [19,20], whilst ketoconazole and
rifampicin up-regulated expression of CYP3A4 in
primary human hepatocytes via interaction of
PXR and hepatocyte nuclear factor 4a (HNF4a)
[17,21]. However, regulation of the CYP2D6 and
NAT1 transcriptional pathways have been
inadequately studied.

From the present results, it appears that AG
extract induces CYP1A2, CYP2C19, and NAT1
mRNA expression through the estrogen receptor
a (ERa) pathway. Various reports have noted
ERa as the transcriptional factor associated with
regulation of the expressions CYP1A2,
CYP2C19, and NAT1 [6,7], and ERa is not
involved in regulating expression of CYP3A4 and
UGT1A6. Thus, risk of HDI from AG could be
minimized by avoiding polypharmacy of AG with
ERa-mediated compound(s).

CONCLUSION

Up-regulation of phase | CYP450s genes,
namely, CYP1A2, CYP2C19, and CYP2D6, and
the phase |l transferase NAT1 by AG extract in
HepG2 cells is exhibited at high concentrations
(over 120 yg/mL) of AG. Thus, the concomitant
use of AG with clinical drug(s) may result in
HDIs, particularly after prolonged use at high
dose. Consequently, the risks and benefits of
consumption of AG with many types of clinical
drugs should be seriously considered.
Furthermore, clinical trials should be conducted
with regard to these modulatory effects of AG on
transcriptional regulation of metabolizing genes
in HepG2 cells.
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