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Potential antitumor agents: Flavones and their derivatives
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Abstract—The antiproliferative activity of several flavonoids isolated from Linaria reflexa Desf. (Scrophulariaceae) was evaluated
in vitro by the SRB assay against the large cell lung carcinoma cell line COR-L23, hepatocellular carcinoma cell line HepG-2, renal
adenocarcinoma cell line ACHN, amelanotic melanoma cell line C32, colorectal adenocarcinoma cell line Caco-2, and normal
human fetal lung MRCS. Chemical modifications, that is acetylation, hydrolysis of rutinose unit, and hydrolysis of the terminal
rhamnose unit, were performed on pectolinarin. Pectolinarin exhibited strong cytotoxic activity on COR-L23, Caco-2, and C32 cell
lines with an ICsq of 5.03, 6.18, and 7.17 uM. Similar activities were recorded for the three natural monoacetyl pectolinarin deriv-
atives linariin, isolinariin A, and isolinariin B. In contrast, peracetylpectolinarin displayed only marginal activity.

© 2005 Elsevier Ltd. All rights reserved.

It is well-established that natural products are an excel-
lent source of chemical structures with a wide variety of
biological activities, including anticancer property.! This
has opened up new fields of investigation of potential
antitumor compounds, some of which are already wide-
ly used in cancer chemotherapy. Cytotoxic screening
models provide important preliminary data to select
plants with potential anticancer compounds.

Flavonoids are a group of polyphenolic secondary
metabolites present in a wide variety of plants.

These compounds have been reported to display a large
panel of biochemical properties, including antioxidant
activity, inhibition of tyrosine kinases and cAMP phos-
phodiesterase, and induction of phase II metabolizing
enzymes both in vivo and in vitro.>* These biochemical
interferences elicited by flavonoids in some cell systems
have been associated with their capacity to control cell
growth or destroy pathogen organisms, such as fungi
and viruses.*> One of the most interesting biological
properties of some flavonoids is their cytotoxicity.
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Several polyalkoxylated flavonoid aglycones have
shown interesting cytotoxic and/or antitumor proper-
ties, including flavone,®’ flavonol,® and flavanone.’

Nagao et al. reported the cytotoxicity activity of flavo-
noids and discussed their structure—activity relation-
ships. However, confining the materials to the
flavones, what can be deduced from those findings is
that the presence of hydroxyl groups at Cs and C; in
ring A, and at C; and C; in ring B, appears to be impor-
tant for enhanced activity, but the influence of the other
substituents at other positions is not clear. In the flavone
series, compounds bearing a free 5-hydroxy group were
shown to exhibit antitumor activity by a mechanism that
involved topoisomerase I inhibition.!°

Flavonoid glycosides, particularly pectolinarin and lina-
riin, are good chemotaxonomic markers of the Scroph-
ulariaceae family. As part of a screening program that
considers the search for Linaria species and other natu-
ral products with anticancer properties, the aim of the
present investigation was to explore the potential cyto-
toxic effect on human cancer cell lines of flavones from
L. reflexa and pectolinarin derivatives. The genus Lina-
ria (Scrophulariaceae) comprises about 200 species with
only about 20 species reported in Italy.!! It contains
several species used in folk medicine as laxative,
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spasmolytic, cholagogic, and anti-inflammatory
drugs.'>!3 No previous phytochemical or biological
studies on L. reflexa Desf. have been reported.

Fresh aerial parts of L. reflexa [1 kg, collected (February
2003) in Calabria, Italy, voucher specimen P1001: Her-
barium of University of Calabria, CLU] were extracted
with methanol three times at room temperature. After
evaporation of the solvent under vacuum, the crude ex-
tract (80.82 g, 8.08%) was dissolved in methanol; upon
cooling, a solid precipitate was obtained by filtration
(16 g). The methanolic extract was evaporated to dry-
ness (64 g, 6.4%) and an aliquot (10 g), after extraction
with n-hexane, was subjected to repeated column chro-
matography over silica gel (Si0;) 2045 um (CH,Cly/
MeOH 95:5, 9:1, 7:3, 1:1), to afford two known iridoid
glycosides: antirrhide (15.5mg) and antirrhinoside
(120 mg), pectolinarin (6 mg), and p-sitosterol 3-O-f-
D-glucopyranoside (7 mg). The solid precipitate was dis-
solved in H,O, acidified with HCI (1 N), and extracted
with EtOAc, to give a residue and an EtOAc-soluble
fraction.

The EtOAc-soluble fraction was subjected to column
chromatography over silica gel 20— 45 pm (CH,Cly/
MeOH 85:15), to afford linariin (1.97 g) and a fraction
of 70 mg.

This fraction was purified by HPLC [JASCO RP-18
250 x 20 mm 1i.d.; the elution solvents used were A
(aqueous 0.01 M phosphoric acid) and B (100% MeOH)
with the following gradient: 5% B as initial condition;
50% B for 10 min; 70% B for 5 min; 80% B for 5 min;
and finally 100% in B for 5 min] to afford isolinariin A
(30 mg) and isolinariin B (35 mg). The residue was crys-
tallized from MeOH to afford pectolinarin (2.50 g;
Fig. 1). The structures of the compounds were deter-
mined on the basis of the spectral data (UV, IR, MS,
'"H NMR, and '>C NMR), identical with those previous-
ly described.®14-18

To explore the structure—activity relationships for sever-
al flavones’ cytotoxicity, pectolinarin (100 mg) was con-
verted into a corresponding peracetylated derivative
with a mixture of Ac,O (3 mL) and pyridine (2 mL) at
reflux overnight. The solid was washed with water and
dried. The product was recrystallized from aqueous eth-
anol to give 103 mg of colorless crystals (119—121 °C).!°
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Figure 1. Flavones isolated from L. reflexa.

The hydrolysis of the rutinose unit of pectolinarin
(100 mg; 0.161 mmol) was performed with a solution
of H,SO,4 0.04 N in ethanol 50% overnight at reflux.
The reaction mixture was then neutralized with a solu-
tion of NaOH and extracted with ethyl acetate. This
extract was subjected to column chromatography over
silica gel 20-45 um (CH,Cl,/MeOH 85:15), to afford
pectolinarigenin (5,7-dihydroxy-6,4'-dimethoxyflavone)
(42 mg, 0.134 mmol; 83%).20-2!

A solution of pectolinarin (150 mg; 0.241 mmol), tar-
trate (2 g) in water (15 mL) was set at pH 4 by the addi-
tion of 0.5N aqueous HCl and heated at 40 °C.
Naringinase (EC 3.2.1.21) (74 mg; Sigma N 1385) was
added the reaction mixture was stirred at 40 °C for
2h. The cloudy mixture was diluted with DMF
(5§ mL), neutralized with 10% aqueous NaHCOj3, and
extracted with n-butanol. After evaporation of the
organic layer, the dried residue was crystallized from
MeOH to yield pure pectolinarigenin-7-O-B-glucoside
(100.9 mg, 0.205 mmol; 85%; 266-268 °C).?2-23

The protein-staining sulforhodamine B (SRB) assay,
developed by the National Cancer Institute for in vitro
anticancer screening,”*>° was used in this study to esti-
mate cell number indirectly by providing a sensitive in-
dex of total cellular protein content that is linear to
cell density.

Five cancer cell lines, large cell carcinoma COR-L23
(ECACC No.: 92031919), colorectal adenocarcinoma
Caco-2 (ATCC No.: HTB-37), amelanotic melanoma
C32 (ATCC No.: CRL-1585), hepatocellular carcinoma
HepG-2 (ECACC No.: 85011430), renal cell adenocarci-
noma ACHN (ATCC No.: CRL-1611), and one normal
cell line human fetal lung MRC-5 (ATCC No.: CCL-
171), were used in this experiment. The COR-L23,
C32, and ACHN cells were cultured in RPMI 1640
medium, while MRC-5, Caco-2, and HepG-2 cells were
cultured in DMEM. Both media were supplemented
with 10% fetal bovine serum, 1% L-glutamine, and 1%
penicillin/streptomycin. The cell lines were maintained
at 37°C in a 5% CO, atmosphere with 95% humidity.
The optimal plating density of each cell line was deter-
mined over a concentration range of 2 x 10%-5 x 10* to
ensure exponential growth throughout the experimental
period and to ensure a linear relationship between
absorbance at 540 nm and cell number where analyzed
by the SRB assay. For the assay, cells were detached
with 0.1% trypsin—-EDTA to make a single-cell suspen-
sion, and viable cells were counted by trypan blue exclu-
sion in a hemocytometer and diluted with medium to
give a final concentration of 2-5 x 10* cells/well.

One hundred microliters per well of this cell suspension
was seeded in 96-well microtiter plates and incubated to
allow for cell attachment. After 24 h, the cells were treat-
ed with serial dilutions of pure compounds. Each com-
pound was initially dissolved in an amount of DMSO
and diluted further in medium to produce six concentra-
tions. One hundred microliters per well of each concen-
tration was added to the plates in six replicates to obtain
final concentrations of 0.25, 0.5, 1, 2.5, 5, 12.5, 25, and
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Table 1. Cytotoxic profile of compounds isolated from L. reflexa and pectolinarin derivatives against selected human cancer cell lines

Compound I1Cso (uM)?

MRC5 HepG2 Caco-2 COR-L23 ACHN C32
Pectolinarin >80.3 14.12 (+3.3) 6.18 (£2.2) 5.03 (£2.3) 17.22 (£3.1) 7.17 (£3.2)
Linariin >75.3 23.21 (£2.5) 8.01 (£2.7) 5.17 (£2.8) 11.25 (£2.2) 12.60 (£3.3)
Isolinariin A >75.3 16.36 (£2.8) 8.54 (£3.2) 6.68 (£2.6) 13.95 (£1.3) 11.76 (£2.1)
Isolinariin B >75.3 10.93 (+1.9) 13.97 (£3.3) 10.37 (£3.3) 16.90 (+3.7) 21.47 (£2.4)
Peracetylpectolinarin >54.5 30.62 (£3.2) 23.41 (£1.8) 28.42 (£3.1) 25.23 (£2.2) 15.56 (£2.1)
Pectolinarigenin >159.2 NT NT 4.07 (£2.4) 15.23 (+1.8) 7.02 (+4.1)
Pectolinarigenin-7-0-B-glc >101.6 17.4 (£1.8) 12.7 (£2.8) 6.9 (£2.9) 16.54 (£2.9) 8.9 (£3.8)
Antirrhide >151.5 >151.5 >151.5 >151.5 >151.5 >151.5
Antirrhinoside >138.1 >138.1 >138.1 >138.1 >138.1 >138.1

NT: not tested. Vinblastine sulfate salt was used as positive control for MRCS5, HepG2, Caco2, COR-L23, and C32 cell lines, while taxol was used for

ACHN cell line.

#1Csq values are means of three experiments, standard deviation is given in parentheses.

50 pg/mL. By these serial dilutions, the final mixture
used for treating the cells contained not more than
0.5% of the solvent (DMSO), the same as in the sol-
vent-control wells. The final volume in each well was
200 pL. The plates were incubated for a select exposure
time of 48 h. At the end of exposure time, 100 pL of ice-
cold 40% trichloroacetic acid (TCA) was added to each
well, left at 4 °C for 1 h, and washed five times with dis-
tilled water. The TCA-fixed cells were stained for 30 min
with 50 pL. of 0.4% (w/v) SRB in 1% HOAc. The plates
were washed five times with 1% HOAc and air-dried
overnight. Vinblastine sulfate salt was used as positive
control for MRCS5, HepG2, Caco-2, COR-L23, and
C32, while taxol was used for ACHN cell line.

On the day of reading the plates, bound dye was solubi-
lized with 100 pL of 10 mM TRIS base (Tris[hydroxy-
methyllJaminomethane). The absorbance of each well
was read on an ELISA reader at 564 nm. Cell survival
was measured as the percentage absorbance compared
to the control (non-treated cells). All values are ex-
pressed as means * standard deviation of the mean
(SD). All products are purchased from Sigma, Italy.
The inhibitory concentration 50% (ICsy) was calculated
from a dose-response curve obtained by plotting the
percentage of inhibition versus the concentrations with
the use of GraphPad Prism 4 software.

Cytotoxicity is commonly used as a target for discovery
of novel anticancer compounds and the Sulforhodamine
B (SRB) assay, used in this study, is commonly em-
ployed. The isolated compounds from L. reflexa and
their derivatives were screened for cytotoxicity against
a panel of cultured cancer cell lines. The results are given
in Table 1. All flavonoids showed interesting activity
against Caco-2 and COR-L23.

Pectolinarigenin was previously shown to be active
against human gastric adenocarcinoma MK-1, human
uterus carcinoma Hela, and murine melanoma
B16F10 cells in vitro.2® It was also active against
GLC4, a human small cell lung carcinoma cell line,
and against COLO 320, a human colorectal cancer cell
line.® In our study, pectolinarigenin showed an ICsq of
7.02 and 4.07 uM against amelanotic melanoma and
large cell carcinoma cell lines, respectively.

Interestingly, the corresponding pectolinarigenin glyco-
sides, which had never been previously tested, also
exhibited significant cytotoxic activities against the same
cell lines. Indeed, the hydrosoluble flavonoid, pectolina-
rin, showed the highest cytotoxic activity on COR-1L23,
Caco-2, and C32 cell lines with ICs, of 5.03, 6.18, and
7.17 uM. Similar activities were recorded for the three
natural monoacetyl pectolinarin derivatives linariin,
isolinariin A, isolinariin B, and pectolinarigenin-7-O-f-
glucoside. The less sensitive cell line to the L. reflexa
flavones and their derivatives was the renal adenocarci-
noma cell line. The acetylation of all hydroxyl groups
decreased the cytotoxic activity against the cancer cell
lines used in this study. The iridoids antirrhide and anti-
rrhinoside were inactive.

The inhibitory activity of flavones of L. reflexa on the
proliferation of cancer cell lines but not on the normal
human fetal lung MRC-5 suggests a specific mechanism
of action interfering with abnormal proliferation.
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