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Abstract

Objectives: To investigate the Nrf2 activity-inducing property of Daucus carota subsp. maximus and to isolate the bioactive
compounds responsible for this.

Methods: The cell viability (MTT) assay was performed using the AREc32 cell line to determine non-cytotoxic concentrations of
the test samples. Subsequently, a luciferase reporter gene assay was conducted with these non-toxic concentrationsin AREc32
cells to evaluate the induction of the cellular antioxidant defence system through activation of the Nrf2 transcription factor.
Bioactive compounds were thenisolated from the active fractions by HPLC, and their structures elucidated using spectroscopic
techniques.

Key findings: The active methanolic extract was subjected to bioassay-guided fractionation, yielding five compounds: apigenin
(1), chrysoeriol (2), luteolin (3), luteolin 7-O-glucoside (4), and eugenin (5). Among these, compounds 2,4, and 5 exhibited more
than a two-fold induction of Nrf2 activity, indicating their potential as cancer chemopreventive agents. Notably, eugenin (5)
demonstrated the highest potency, inducing Nrf2 activity by 8.1-fold.

Conclusions: The high level of Nrf2 induction and simple chemical structure suggested that eugenin (5) could be a suitable
candidate for generating synthetic analogues to develop new cancer chemopreventive agents.
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Introduction

Cancer remains one of the leading causes of mortality worldwide,
accounting for ~10 million deaths in 2020 [1-3]. The global inci-
dence of cancer is projected to rise markedly, reaching over 28
million cases by 2040 and 35 million by 2050, compared with
an estimated 20 million cases in 2022 [4-7]. Current therapeutic
strategies include surgical tumour removal, chemotherapy, radio-
therapy, targeted therapies, and immunotherapies [8]. However,
concerns regarding toxicity, adverse effects, and the high eco-
nomic burden associated with these treatments have intensified
interest in cancer chemoprevention, a strategy involving the use
of natural or synthetic chemicals to prevent, delay, or reverse
carcinogenesis [9].

Phytochemicals, particularly dietary phytochemicals such
as curcumin, lycopene, and resveratrol, have demonstrated
chemopreventive potential by modulating multiple cell-signalling
pathways, including JAK/STAT, PI3K/Akt, Wnt, NF-«B, TGF-8,
and MAPK [10-12], and by activating endogenous defence
mechanisms through Nrf2 induction [9]. Cancer chemopreven-
tive agents are broadly categorised into two principal classes:
tumour-blocking agents and tumour-suppressing agents (Fig. 1)
[13].

As part of our ongoing investigations into the cancer chemo-
preventive potential of both edible and non-edible plants from
diverse geographical regions, and the bioassay-guided isolation
of their active constituents [14-16], Daucus carota subsp. max-
imus (Desf.) Ball (family: Apiaceae), collected from the Syrian
Coastal Mountain Range, was selected for study owing to its
documented use in Syrian traditional medicine [17-20]. Although
the essential oil of this species has been examined for its chemical
composition and selected bioactivities [17-20], no phytochemical
or bioactivity studies of the extracts from the aerial parts,
particularly with respect to cancer chemoprevention, have been
reported to date. Therefore, we present here, for the first time,
an evaluation of the cancer chemopreventive activity of extracts
of D. carota subsp. maximus, using induction of Nrf2 activity
as an indicator of chemopreventive potential [16], together
with the bioassay-guided isolation [21] of active compounds
employing preparative high-performance liquid chromatography
(HPLC).

It is worth noting that the present work uncovers a previously
unreported Nrf2-inducing capacity in D. carota subsp. maximus,
considerably expanding the chemopreventive potential of the
genus and positioning this subspecies as a promising reservoir
of antioxidant defence modulators. The combination of AREc32-
based luciferase screening with HPLC-assisted purification
provides a methodological innovation, enabling precise attri-
bution of Nrf2 activation to discrete phytochemical entities.
Identification of apigenin, chrysoeriol, luteolin, luteolin 7-O-
glucoside, and eugenin as active constituents advances the
phytochemistry of Daucus species and reveals new functional
roles for these compounds in redox-regulated signalling. The
exceptional potency of eugenin, coupled with its structural
simplicity, offers a strategic lead compound for synthetic optimi-
sation, revealing a translational pathway toward next-generation
chemopreventive agents. Overall, the study provides mechanistic
clarity, novel chemical leads, and a robust discovery pipeline,
collectively strengthening the scientific basis for Nrf2-targeted
chemoprevention.

Free-radical scavengers and antioxidants
Tumour blocking Induction of Phase | and Il drug metabolizing enzymes
agents Induction of DNA repair
Carcinogenuptake blockers
Cancer
chemopreventive

agents Alteration of gene expression

Tumour Inhibition of cell proliferation and clonal expansion
suppressing Induction of terminal differentiationand senescence
agents Induction of apoptosis in precancerous lesions
Modulation of signal transductions

Figure 1 Classes of cancer chemopreventive agents.

Materials and methods
General

All chemicals and reagents were obtained from Sigma-Aldrich
(Dorset, UK), and solvents were sourced from Fisher Scientific
(Loughborough, UK). Deuterated NMR solvents were purchased
from GOSS Scientific (Crewe, UK). 0.25% trypsin-EDTA, penicillin-
streptomycin, and phosphate-buffered saline (PBS) were obtained
from Thermo Fisher Scientific (Paisley, UK). DMEM basal medium,
foetal bovine serum (FBS), and geneticin (G418) were purchased
from Biosera (Neuville, France). The luciferase assay reagent was
obtained from Promega (Wisconsin, USA). White 96-well flat-
bottom plates were sourced from Greiner Bio-One (Frickenhausen,
Germany), and clear 96-well flat-bottom plates from Falcon (North
Carolina, USA).

A Dionex Ultimate 3000 UHPLC (Thermo Fisher Scientific,
Massachusetts, USA), hyphenated with a diode array detector
(DAD), was used for analytical HPLC analyses. A reversed-phase
(RP) Phenomenex column (Luna 5 um C1g(2) 100 A, 150 x 4.6 mm,
Phenomenex, California, USA) was used for analytical HPLC
runs. A preparative Dionex Ultimate 3000 UHPLC (Thermo Fisher
Scientific, Massachusetts, USA) or a Jasco LC-4000 Series (Jasco,
Tokyo, Japan) and a reversed-phase Phenomenex preparative
column (Luna 10 xm C1g(2) 100 A, 150 x 21.2 mm, Phenomenex,
California, USA) were used for isolating compounds from active
fractions. A RP Phenomenex semi-preparative column (Luna
5 um Cig, 150 x 10 mm, Phenomenex, California, USA) was
used for further purification of impure compounds. A flow rate
of 1 mL/min, 2 mL/min, or 10 mL/min was used for analytical,
semi-preparative, and preparative HPLC, respectively. Variable
UV-vis wavelengths, 220, 254, 280, and 320 nm, were used to
monitor the chromatograms. The column thermostat temperature
was maintained at 25°C for the column chamber. The NMR
experiments were performed in CD30D or DMSO-dg on a Bruker
AMX-600 NMR spectrometer (600 MHz for 'H, and 150 MHz for 13C)
(Bruker, Massachusetts, USA). Chemical shifts § were in ppm, and
the coupling constants Jin Hz. ESI-MS data were recorded through
a Micromass LCT time-of-flight (TOF) mass spectrometer (Waters,
Manchester, UK) equipped with an electrospray ionisation (ESI)
source.

Plant materials

Aerial parts of wild-grown D. carota subsp. maximus (Desf.) Ball
were collected from the Syrian Coastal Mountain Range in August
2020. The plant material was taxonomically identified by Profes-
sor Ahmad Jadou (Faculty of Agriculture Engineering, University
of Aleppo, Syria), and a voucher specimen (PAJ-UA-200001) was
deposited in the Herbarium of the University of Aleppo, Syria. The

920z 4290100 9| uo 1senb Aq £1.99168/L216e61/0L/8//810ne/ddl/Woo dno-ojwepede woly pepeojumod



Journal of Pharmacy and Pharmacology, 2026, Vol. 78, Issue 10

collected aerial parts were shade-dried and subsequently ground
using a grain grinder before extraction.

Extraction

Ground aerial parts (850 g) were extracted with a Soxhlet (1 L), suc-
cessively, using n-hexane, dichloromethane (DCM), and methanol
(MeOH), 900 mL each. The temperature was set close to the boiling
point of each solvent, and 10 cycles were used for the extraction
with each solvent. The resulting extracts were filtered through
standard laboratory filter paper, and the filtrates were evaporated
to dryness using a rotary evaporator (Buchi, Flawil, Switzerland)
using the water bath temperature maintained at 35-45°C, depend-
ing on the solvent (for n-hexane and DCM 35°C, and for MeOH
45°C). Dried extracts were weighed, transferred to clean glass
vials, and kept at 4°C for further use.

Fractionation

As the MeOH extract was the most active extract among the three
extracts, a portion (2 g) of the MeOH extract was fractionated
by solid-phase extraction (SPE) [21] on a Strata Ci5 E (20 g) RP
cartridge (Phenomenex, California, USA) using a step gradient to
obtain four fractions as follows: 20% MeOH in water, 40% MeOH
in water, 80% MeOH in water and 100% MeOH, each 200 mL,
yielding, respectively, fractions F1-F4). Before fractionation, the
cartridge was cleaned with MeOH (50 mL) and equilibrated with
water (100 mL) under vacuum. All fractions were concentrated
to dryness using a rotary evaporator, maintaining the water bath
temperature at 45-50°C, and were further dried with a nitrogen
blowdown concentrator and maintained at 4°C for further
analyses.

Isolation and identification of compounds

As fractions F2 and F3 emerged as the active fractions, they were
subjected, first, to method development for optimum separation
of compounds using the analytical HPLC and various solvent sys-
tems (not described in this article), and then to preparative HPLC
for isolating individual compounds using the optimised mobile
phase. The purity of the isolated compounds was assessed by
analytical HPLC, and impure compounds were subjected to semi-
preparative HPLC purification. A shallow gradient of 25%-55%
MeOH in water (both solvents contained 0.1% trifluoracetic acid,
TFA) over 30 min, at a flow rate of 10 mL/min, using the prep-
HPLC separation, luteolin 7-O-glucoside (4, tg =24.2 min) (Fig. 2)
from the SPE fraction F2. Similarly, F3 was subjected to prep-
HPLC separation, using a shallow gradient of 30%-45% acetoni-
trile (ACN) in water, both containing 0.1% TFA, over 40 min at a
flow rate of 10 mL/min to obtain luteolin (3, tg =15.4 min), and a
mixture of apigenin and chrysoeriol (1 and 2, tg =24.5-16.1 min),
and eugenin (5, tg =38.9 min) (Fig. 2). The mixture of apigenin (1)
and chrysoeriol (2) was further purified by semi-preparative HPLC
using an isocratic mobile phase (2 mL/min), comprising 27% ACN
in water (both contained 0.1% TFA), affording pure apigenin (1,
tr =20.1 min) and chrysoeriol (2, tg =22.1 min). The structures of
all isolated compounds were elucidated conclusively by compre-
hensive NMR and MS analyses, and by comparison with respective
published data.

OH O

Apigenin (1)R =R’ =R” =OH; Chrysoericl (2)R =R” =H; R' = OMe
Lutedlin (3)R =R” =H;R"=CH
Luteclin 7-O-gluccside (4) R =H; R'= OH; R” = Qucosyl

MeO 0]

OH ©O
Engenin (5)
Figure 2 Chemical structures of compounds (1-5) isolated from the active
fractions of the MeOH extract of D. carota subsp. maximus.

Apigenin (1, 2.3 mg): Amax (MeOH) 254 and 348 nm; 'H NMR
(CD30D, 600 MHz) § 7.86 (2H, d, J=8.4, H-2' and H-6'), 6.96 (2H, d,
J=8.4,H-3 and H-5'), 6.60 (1H, s, H-3), 6.46 (1H, d, J=2.1, H-8) and
6.21 (1H, d, J=2.1, H-6); 13C NMR (CD30D, 150 MHz) § 182.3 (C-4),
165.9 (C-7), 164.6 (C-2), 161.9 (C-5), 158.0 (C-9), 149.6 (C-4'), 129.1
(C-2"and C-6'),121.6 (C-1'),116.5(C-3’ and C-5'),103.9 (C-10),103.3
(C-3),99.3 (C-6) and 94.5 (C-8); ESI-MS (negative ion mode) [M-H]~
m/z 269.1050 corresponding to the molecular formula C;5H;1005
[22, 23].

Chrysoeriol (2, 2.9 mg): Amax (MeOH) 252 and 346 nm; *H NMR
(DMSO-dg, 600 MHz) § 7.54 (1H, dd, J=2.2, 8.5, H-6'), 7.53 (1H, d,
J=2.2H-2'), 6.92 (1H, d, J=8.5, H-5/), 6.88 (1H, s, H-3), 6.51 (1H,
d, J=2.0, H-8), 6.17 (1H, d, J=2.0, H-6) and 3.87 (3H, s, 3-OMe);
13C NMR (DMSO-dg, 150 MHz) § 182.3 (C-4), 164.6 (C-7), 164.2 (C-2),
161.8 (C-5), 157.8 (C-9), 151.2 (C-4'), 148.5 (C-3'), 122.0 (C-1'), 120.8
(C-6'),116.4 (C-5), 110.7 (C-2'), 104.2 (C-10), 103.7 (C-3), 99.3 (C-6),
94.5 (C-8) and 56.4 (3-OMe); ESI-MS (negative ion mode) [M-H]~
m/z 299.0556 corresponding to the molecular formula C16H1206
[24,25].

Luteolin (3, 6.8 mg): Amax (MeOH) 254 and 348 nm; 'H NMR
(CD30D, 600 MHz) § 7.38 (2H, overlapped peaks, H-2" and H-6'),
6.89 (1H, d, J=8.1, H-5'), 6.54 (1H, s, H-3), 6.43 (1H, d, J= 1.4, H-8)
and 6.20 (1H, d, J=1.4, H-6); 13C NMR (CD30D, 150 MHz) § 182.5
(C-4), 164.9 (C-7), 164.6 (C-2), 161.8 (C-5), 158.0 (C-9), 149.6 (C-
4'),145.6 (C-3'), 122.3 (C-1), 118.9 (C-6'), 115.5 (C-5'), 112.8 (C-2'),
103.9 (C-10), 102.5 (C-3), 98.7 (C-6) and 93.6 (C-8); ESI-MS (negative
ion mode) [M-H]~™ m/z 285.0397 corresponding to the molecular
formula C15H1006 [26, 27].

Luteolin 7-O-glucoside (4,4.6 mg): Amax (MeOH) 254, 267 (sh) and
348 nm; 'H NMR (DMSO-dg, 600 MHz) § 12.94 (1H, s, 5-OH), 10.09
(1H, brs,4’-0OH), 9.58 (1H, brs, 3’-OH), 7.43 (2H, overlapped peaks,
H-2’ and H-6'), 6.92 (1H, d, J=8.0, H-5'), 6.80 (1H, d, J=1.2, H-8),
6.74 (1H, s, H-3),6.45 (1H,d, J=1.2, H-6),5.05 (1H, brd, J=7.8, glu-
cose anomeric proton) and 3.38-4.20 (unresolved peaks, masked
by the huge solvent peak, the rest of the protons of the glucose
unit, detected and confirmed by COSY, HSQC and HMBC); 23C NMR
(DMSO-dg, 600 MHz) § 182.4 (C-4), 165.0 (C-2), 163.4 (C-7), 161.5 (C-
5), 158.0 (C-9), 150.4 (C-4'), 146.2 (C-3), 121.8 (C-1'), 119.7 (C-6'),
116.5 (C-5), 113.9 (C-2'), 105.8 (C-10), 103.5 (C-3), 100.4 (glucose
anomeric carbon), 100.2 (C-6), 95.2 (C-8), 77.5 (C-5 of glucose), 76.8
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(C-3 of glucose), 73.5 (C-2 of glucose), 70.0 (C-4 of glucose) and 61.1
(C-6 of glucose); ESI-MS (negative ion mode) [M-H]~ m/z 447.4141
corresponding to the molecular formula C3;H20013 [28-30].

Eugenin (5,9.1 mg): Amax (MeOH) 230, 250, 292 and 325 (sh) nm;
1H NMR (CD30D, 600 MHz) § 6.49 (1H, br s, H-8), 6.31 (1H, br s,
H-6), 6.09 (1H, s, H-3), 3.86 (3H, s, 7-OMe) and 2.37 (3H, s, 2-Me);
13C NMR (CD30D, 150 MHz) § 182.7 (C-4), 168.3 (C-2), 165.9 (C-7),
161.7 (C-5), 158.4 (C-9), 107.8 (C-3), 104.5 (C-10), 97.7 (C-6), 92.0
(C-8), 55.0 (7-OMe) and 18.9 (2-Me); ESI-MS (positive ion mode)
[M+ H]™ m/z 207.1875 corresponding to the molecular formula
C11H1004 [31, 32].

Cell culture and cell viability assay (MTT
assay)

The modified MCF7 human breast cancer cell line, AREc32, was
kindly provided by Professor Roland Wolf (University of Dundee,
UK) [33]. AREc32 cells were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM), high glucose, supplemented with 10% foetal
bovine serum (FBS), 1% penicillin-streptomycin, and 0.8 mg/mL
geneticin (G418), in T75 cell culture flasks maintained at 37°C in
a humidified atmosphere containing 5% CO, (Binder, Tuttlingen,
Germany).

The cell viability assay (MTT assay) [34] was performed using
AREc32 cells to determine non-cytotoxic concentrations of the
test samples for subsequent use in the luciferase reporter assay.
The procedure followed was that described previously [14]. Cell
viability (%) was calculated using the following equation:

Cell viability = (A1/A0) x 100

Where Ay is the mean absorbance of untreated wells, and A; is the
mean absorbance of treated cells.

Luciferase reporter gene assay

The luciferase reporter gene assay using the AREc32 cell line was
performed to evaluate the cancer chemopreventive potential of
the crude extracts, fractions, and isolated compounds, as indi-
cated by the induction of the cellular antioxidant defence system
via activation of the Nrf2 transcription factor [33]. The assay pro-
tocol followed the method previously described [14].

Briefly, AREc32 cells were seeded into 96-well plates at a density
of 1.2 x 10* cells/well and incubated for 24 h. Cells were then
treated with a non-cytotoxic concentration of each test sample
(crude extract, fraction, or isolated compound) and incubated for
afurther 24 h. After incubation, the culture medium was removed,
and the cells were washed twice with phosphate-buffered saline
(PBS, 100 pL). 1x luciferase reporter lysis buffer (20 nL) was added
to each well, followed by a freeze-thaw cycle at —20°C for 24 h to
ensure complete cell lysis. The thawed lysate was transferred to a
white opaque 96-well plate and immediately mixed with freshly
prepared luciferase assay reagent (100 ul). Luminescence was
measured using a TECAN microplate reader (Mannedorf, Switzer-
land). Luciferase activity was compared with the basal activity in
untreated control cells and expressed as fold induction relative to
control. Tert-Butylhydroquinone (tBHQ, 10 M) served as the posi-
tive control. All experiments were performed in three independent
runs, each comprising five replicates.

mDC-DCM

Il. Ir 1
100 '} |
20 m DC-Hex
1
60
40
L T

) I I I I
; ol ol ol ol

0s 01 02 04 08 1

DMSO 1% DMSOOQ1% 0.0125 0.025 o

W

cell viability %

Extracts concentrations mg/mL

Figure 3 Cell viability assay (MTT assay) of n-hexane, DCM, and MeOH
extracts of D. carota subsp. maximus using AREc32 cells [24 h, DMSO
represents the vehicle control, results are plotted as means + SEM of 3
independent experiments (5 replicates/experiment)].

Statistical analysis

All experiments were performed in triplicate, with a minimum of
three replicates per tested concentration. Data are presented as
means £+ SEM (standard error of the mean). Graphs were gener-
ated using Microsoft Excel for Microsoft 365 MSO Version 2502, with
SEM displayed as error bars.

Results and discussion

Soxhlet extraction of the shed-dried and ground aerial parts of
D. carota subsp. maximus (Desf.) Ball, successively, using three
different solvents, n-hexane, DCM, and MeOH, in the sequential
order of polarity, afforded three different extracts with 3.4%, 0.8%,
and 5.1% yields, respectively. The MeOH extract exhibited AREc32
cell viability of >80% and >95%, respectively, at concentrations
of 0.05 and 0.025 mg/mL, in the MTT assay (Fig. 3). Overall, the n-
hexane extract was found to be toxic at these concentrations, and
>80% cell viability was only achieved with lower concentrations
(0.025 and 0.0125 mg/mL). More than 80% cell viability was
observed at the concentrations of 0.05, 0.025, and 0.0125 mg/mL
of the DCM extract. Therefore, 0.025 mg/mL could be used as
the non-toxic starting concentration for n-hexane extract, while
0.05 mg/mL concentration was suitable for DCM and MeOH
extracts for the luciferase assay. In the luciferase assay, the MeOH
extract displayed 2.98-fold induction (data not shown) of Nrf2
activity and was selected for further chromatographic analysis for
isolating active compounds.

The active MeOH extract was fractionated by SPE to obtain four
fractions, Frl (67.8% yield), Fr2 (12.0% yield), Fr3 (5.6% yield),
and Fr4 (2.1% yield), sequentially eluted, respectively, with 20%
MeOH in water, 40% MeOH in water, 80% MeOH in water, and
100% MeOH. All four SPE fractions (Fr1-Fr4) were first subjected to
the MTT assay (data not shown) to determine their non-cytotoxic
concentrations, followed by evaluation in the luciferase reporter
assay. Fractions Fr2 and Fr3 were identified as the most active,
inducing 4.3-fold and 7.3-fold activation of Nrf2 activity, respec-
tively (Fig. 4).

A combination of RP prep- and semi-prep-HPLC purification of
the SPE fractions Fr2 and Fr3, using the method as described in
Section 2.5, resulted in the isolation of four flavones, including api-
genin (1), chrysoeriol (2), luteolin (3), and luteolin 7-O-glucoside
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Figure 4 Luciferase activity of the SPE fractions (Fr1-Fr4) of the active
MeOH extract.

(4), and a chromone, eugenin (5). Compounds 1-4 displayed UV-
Vis absorptions at 300-380 nm and 240-295 nm, characteristic
of flavonoids [35, 36], and the UV-Vis spectrum of 5 (Amax 230,
250, 292, and 325 nm) supported the presence of chromone
skeleton in 5 [32]. 1D and 2D NMR (nuclear magnetic resonance)
spectroscopic analyses, complemented by mass spectroscopic
(MS) analyses, confirmed the identity of these compounds,
and all experimental spectroscopic data corresponded well
with respective published data as outlined in the Materials and
Methods section earlier.

It is noteworthy that apigenin (1) and luteolin (3) are widely
distributed throughout the plant kingdom and have previously
been reported from other subspecies of D. carota, though not from
subsp. maximus [37]. The Apiaceae family appears to be a partic-
ularly rich source of eugenin (5) [31], and although eugenin (5)
has been reported from D. carota, it has not been documented in
subsp. maximus. Luteolin 7-O-glucoside (4), also known as cynaro-
side, is recognised as the predominant flavone in carrots [30].
While several chrysoeriol glycosides have been isolated from D.
carota [30, 38], the aglycone chrysoeriol (2) has not previously
been reported from any subspecies. Thus, this study provides the
first report of chrysoeriol (2) isolated from D. carota.

All compounds [1-5], isolated from the active SPE fractions
(Fr2 and Fr3), were first subjected to MTT assay using AREc32
cells as described earlier to determine non-toxic concentrations
(>90% cell viability), and then to luciferase assay. The non-toxic
concentration of luteolin 7-O-glucoside (4, 250 M) was higher
than that of the aglycone flavones (1-3, 100 M) but was the same
as that of eugenin (5, 250 uM) (data not shown). The luciferase
assay showed that chrysoeriol (2), luteolin 7-O-glucoside (4), and
eugenin (5) induced the activation of Nrf2 activity, respectively,
5.3,4.6, and 8.1-fold, whereas the induction with the positive con-
trol t-butyrylhydroquinone (tBHQ) was 16.1 and 5.8-fold at 20 uM
and 10 uM concentrations (Fig. 5). An induction of activation of
Nrf2 activity by 2-fold or more is considered an indication for
any test samples to possess cancer chemopreventive potential
[14, 16, 33].

Among the isolated compounds, flavones apigenin (1) and lute-
olin (3) were not considered active, as the extent of induction
was less than 2-fold (Fig.5). Eugenin (5) was found to be the
most active compound in the luciferase assay, and considering the
structural simplicity and feasibility for conducting laboratory syn-
thesis and easy structural modifications [39], this compound and
its synthetic analogues could be ideal candidates for further stud-
ies aiming at developing new cancer chemopreventive agents. In

19
17 1698
15
13

11

5.793
|

Luciferase activity (fold to control)

@ () (5) (3) (4)
Isolated compounds (1-5) at non-toxic concentrations

Figure 5 Luciferase activity of compounds 1-5 (at respective non-toxic
concentration) isolated from the active SPE fractions.

a recent study, the influence of an «,8-unsaturated carbonyl, sul-
fonyl, or sulfinyl moiety towards Nrf2 activation was demonstrated
[40], albeit it was mainly focused on «,B-unsaturated sulfonyl
functionality. An «,B-unsaturated carbonyl functionality makes
any compound suitable for undergoing Michael addition reaction
[40, 41] with the nucleophilic thiols of cysteine residues in KEAP1
(Kelch-like ECH-associated protein 1), a negative regulator for Nrf2
involved in the activation of the Nrf2 signalling pathway. In com-
pounds 1-5, an «,B8-unsaturated carbonyl moiety is present (C-
2/C-3-unsaturation, and a carbonyl functionality at C-4), but other
structural features, e.g. a methoxyl group in 2, a glucosyl unit in
4, and the absence of the second aromatic ring in 5, might have
contributed to the observed differences in the induction ability for
activation of Nrf2 activity.

Chrysoeriol (2) previously showed an inhibitory effect on DNA
adduct formation with benzo[a]pyrene in MCF-7 breast cancer
cells, and it was suggested that this compound could offer
chemoprevention against environmental pro-carcinogens such
as benzo[a]pyrene [42]. Cancer chemopreventive potential of 2
was further demonstrated by its ability to selectively inhibit the
formation of a carcinogenic estrogen metabolite, 2-hydroxy-178-
estradiol via inhibiting CYP1B1 (cytochrome P450 1B1) activity,
in MCF-7 breast cancer cells [43]. Yoon and Patk [44] reported
that chrysoeriol (2)could offer cancer chemoprevention through
its ameliorating effect on COX-2 expression through NF-«B, AP-1
(activator protein 1), and MAPK regulation via the TLR4/MyD88
signalling pathway in lipopolysaccharide-stimulated murine
macrophages. Similarly, the cancer chemopreventive potential of
luteolin 7-O-glucoside (4) was reported previously [45]. However,
none of the previous reports looked at the ability of these com-
pounds (2 and 4) to induce the activation of Nrf2 activity. Eugenin
(5) is considered an emerging cancer chemopreventive agent that
has previously been found to mediate its chemopreventive activity
via Nrf2 pathway induction, turning on Nrf2-driven antioxidant
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and anti-inflammatory cascades in the body, which protect cells
from DNA damage and oxidative stress that can lead to cancer
[46], and this has been further substantiated by the findings from
the studies described in this paper.

Conclusion

This study provides the first report on the cancer chemopreven-
tive potential of extracts of D. carota subsp. maximus, evaluated
through the induction of Nrf2 activity as an indicator of chemopre-
ventive activity, together with the bioassay-guided isolation of five
compounds: apigenin (1), chrysoeriol (2), luteolin (3), luteolin 7-O-
glucoside (4), and eugenin (5). Among these isolates, eugenin (5)
exhibited the highest chemopreventive potency, demonstrating
an 8.1-fold induction of Nrf2 activity. Given its strong activity and
structurally simple scaffold, eugenin (5) represents a promising
lead candidate for the development of new synthetic analogues
with enhanced cancer chemopreventive potential.
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