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ABSTRACT

Crataegus monogyna has been extensively studied due to its various alleged health
benefits. This study aimed to determine the human tumour cells growth inhibitory
activity of phenolic extracts of its flower buds and fruits in three phenological stages,
and further characterize the extracts by HPLC-DAD-ESI/MS. Flower bud extract
showed the highest antiproliferative activity as indicated by the lowest Glso values
obtained in all the tested cell lines: MCF-7, breast adenocarcinoma; NCI-H460, non-
small cell lung cancer; HeLa, cervical carcinoma; HepG2, hepatocellular carcinoma.
Furthermore, porcine liver primary cell culture (PLP2) was used to evaluate toxicity to
non-tumour cells. Flavonoids, particularly flavonols and flavones (higher in flower
buds) and proanthocyanidins (higher in unripe fruits) were the main classes in the
studied samples. Phenolic acids (mainly hydroxycinnamic acid derivatives) were also
detected in significant amounts, especially in flower bud extract. Regarding
anthocyanins, over ripened fruits gave the highest content. The higher bioactivity

observed in flower buds might be related with its higher content in phenolic compounds.
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antiproliferative activity.



1. Introduction

Cancer is a leading cause of death worldwide and according to World Health
Organization (2010) cancer related deaths are projected to increase to over 11 million in
2030.

The vast structural diversity of natural compounds found in plants provides unique
opportunities for discovering new drugs. Phenolic compounds, mainly flavonoids, are
an example of bioactive compounds with possible beneficial effects on human health,
including regulation of proliferation and cell death pathways leading to cancer (Lopez-
Lazaro, 2002). In vitro studies have concentrated on their direct and indirect actions on
tumour cells (Kandaswami et al., 2005), and have found a variety of anticancer effects
such as cell growth (Kandaswami et al., 1991) and kinase activity (End et al., 1987)
inhibition, apoptosis induction (Lee et al., 2002), suppression of the secretion of matrix
metalloproteinases (Kim, 2003) and of tumour invasive behaviour (Parmar et al., 1994).
However, it should be taken into account that the in vivo bioactive forms of phenolic
compounds are not necessarily the natural phytochemical forms, but instead their
conjugates and metabolites (Spencer, Mohsen & Rice-Evans, 2004).

Crataegus monogyna Jacq. (common hawthorn) is one of the species that is highly
recommended in folk medicine and the “berries” are usually consumed by shepherds,
hunters and children, because they are considered to be “healthy” and nutritious
(Carvalho, 2010). The nutritional and nutraceutical composition of hawthorn flowers
and fruits were previously reported (Barros, Carvalho & Ferreira, 2011). Flowers
revealed the highest tocopherols and ascorbic acid contents, as also the best n-6/n-3
fatty acids ratio; over ripened fruits showed the highest levels of carbohydrates, sugars
and saturated fatty acids; unripe fruits presented the highest polyunsaturated fatty acids

content, as also the most promising antioxidant properties (even higher than the



standard trolox) (Barros et al., 2011). There are some reports on phenolic compounds
present in hawthorn flowers and fruits (Froehlicher et al. 2009; Liu, Yang & Kallio,
2010; Barros et al., 2011; Liu, Kallio, Li, Zhou & Yang, 2011; Barros, Dueias,
Carvalho, Ferreira & Santos-Buelga, 2012). Nevertheless, as far as we know, this is the
first report with a systematic comparison of four different hawthorn parts (flower bud,
and unripe, ripened and over ripened fruits), evaluating human inhibitory activity on
human tumour cell lines (breast, lung, cervical and hepatocellular carcinomas) of their

phenolic extracts, that were further chemically characterized by HPLC-DAD-ESI/MS.

2. Materials and methods

2.1. Samples

The material for analysis was gathered in sequence, during 2009 spring, summer and
autumn, synchronized with the growth condition of buds and fruits, according to
different gathering practices, folk pharmacopoeia and local edible uses reported in the
studied area (Braganca, north-eastern Portugal). Six trees exhibiting profuse flower bud
development in spring were selected from the outer band of a semi-natural pasture,
according to previous ethnobotanical inventory. Four different parts of C. monogyna
were considered: flower buds with top young leaves (corymbs); unripe fruits
corresponding to flower senescence and stand out of the green pomaceous (berry-like)
immature fruit; ripened fruits i.e. red pomes in late summer; over ripened fruits i.e. dark
red, fleshy, sweet, chewy and coarse-textured pomes in late autumn. All plant parts
were gathered from the entire canopy of each selected tree. For each plant part, a final
sample for analysis was made with material from the six selected trees. The natural
appearance of the used C. monogyna parts might be looked up in a previous work

dealing with chemical composition and bioactivity of this plant (Barros et al., 2011).



Each sample was lyophilized (Ly-8-FM-ULE, Snijders, Holland) and kept in deep-

freezer at -20°C for subsequent use.

2.2. Standards and reagents

HPLC-grade acetonitrile was obtained from Merck KgaA (Darmstadt, Germany).
Formic and trifluoroacetic acids were purchased from Prolabo (VWR International,
France). The phenolic compounds standards were from Extrasynthese (Genay, France).
DMSO (dimethyl sulfoxide) was analytical grade from Fisher Scientific (Paris, France).
Fetal bovine serum (FBS), L-glutamine, Hank’s balanced salt solution (HBSS), trypsin-
EDTA (ethylenediaminetetraacetic acid), penicillin/streptomycin solution (100 U/mL
and 100 mg/mL, respectively), RPMI-1640 and DMEM media were from Hyclone
(Logan, USA). Acetic acid, ellipticine, sulforhodamine B (SRB), trypan blue,
trichloroacetic acid (TCA) and Tris were from Sigma Chemical Co. (Saint Louis, USA).
Water was treated in a Milli-Q water purification system (TGI Pure Water Systems,

USA).

2.3. Preparation of the phenolic extracts

Each sample (=1 g) was extracted by stirring with 30 mL of methanol:water 80:20 (v/v),
at room temperature, 150 rpm, for 1 hour (h). The extract was filtered through Whatman
n° 4 paper. The residue was then re-extracted twice with additional 30 mL portions of
methanol:water 80:20 (v/v). The combined extracts were evaporated at 35 °C (rotary
evaporator Biichi R-210) to remove methanol. The aqueous phase was lyophilized and
re-dissolved in a) DMSO at 8 mg/mL for antiproliferative assays, or b) 20% aqueous
methanol at 5 mg/mL and filtered through a 0.22-um disposable LC filter disk for High

Performance Liquid Chromatography (HPLC-DAD-MS) analysis.



2.4. Growth inhibition activity in human tumour cell lines

The effects of the extracts on the growth of human tumour cell lines was evaluated
according to the procedure adopted in the NCI’s in vitro anticancer drug screening,
which uses sulforhodamine B (SRB) assay to assess cell growth inhibition (Skehan et
al., 1990; Vichai & Kirtikara, 2006). Four human tumour cell lines were used: MCF-7
(breast adenocarcinoma), NCI-H460 (non-small cell lung cancer), HelLa (cervical
carcinoma) and HepG2 (hepatocellular carcinoma). Cells were routinely maintained as
adherent cell cultures in RPMI-1640 medium containing 10% heat-inactivated FBS
(MCF-7 and NCI-H460) or in DMEM supplemented with 10% FBS, 2 mM glutamine,
100 U/mL penicillin and 100 mg/mL streptomycin (HeLa and HepG2 cells), at 37 °C, in
a humidified air incubator containing 5% CO,. Each cell line was plated at an
appropriate density (7.5 x 10° cells/well for MCF-7 and NCI-H460, 1.0 x 10" cells/well
for HeLa and HepG2) in 96-well plates and allowed to attach for 24 h. Cells were then
treated for 48 h with various extract concentrations. The DMSO concentrations used
have no growth inhibitory effect in these cell lines (data not shown).

Following this incubation period, the adherent cells were fixed by adding cold 10%
trichloroacetic acid (TCA, 100 pL) and incubated for 60 minutes (min) at 4 °C. Plates
were then washed with deionized water and dried; SRB solution (0.1% in 1% acetic
acid, 100 pL) was then added to each plate well and incubated for 30 min at room
temperature. Unbound SRB was removed by washing with 1% acetic acid. Plates were
air dried, the bound SRB was solubilised with 10 mM Tris (200 pL) and the absorbance
was measured at 540 nm in a microplate reader (Biotek EIx800). Dose-response curves

were obtained for each tested extract and cell line, and the Glsy value, corresponding to



the concentration of the extract that inhibited 50% of the net cell growth was calculated

(Vichai & Kirtikara, 2006). Ellipticine was used as positive control.

2.5. Growth inhibition activity in non-tumour cells

A cell culture was prepared from a freshly harvested porcine liver obtained from a local
slaughter house, and it was designed as PLP2. Briefly, the liver tissues were rinsed in
Hank’s balanced salt solution containing 100 U/mL penicillin, 100 pg/mL streptomycin
and divided into 1x1 mm’ explants. Some of these explants were placed in 25 cm’
tissue flasks in DMEM medium supplemented with 10% fetal bovine serum, 2 mM
nonessential amino acids and 100 U/mL penicillin, 100 mg/mL streptomycin and
incubated at 37 °C with a humidified atmosphere containing 5% CO,. The medium was
changed every two days. Cultivation of the cells was continued with direct monitoring
every two to three days using a phase contrast microscope. Before confluence was
reached, cells were subcultured and plated in 96-well plates at a density of 1.0x10*
cells/well, and cultivated in DMEM medium with 10% FBS, 100 U/mL penicillin and

100 pg/mL streptomycin (Abreu et al., 2011).

2.6. Chemical characterization of the extracts

Analysis of non-anthocyanin phenolic compounds

The extracts were analysed using a Hewlett-Packard 1100 chromatograph (Agilent
Technologies) with a quaternary pump and a diode array detector (DAD) coupled to an
HP Chem Station (rev. A.05.04) data-processing station. A Waters Spherisorb S3 ODS-
2 C8, 3 um (4.6 mm x 150 mm) column thermostatted at 35 °C was used. The solvents
used were: (A) 0.1% formic acid in water, (B) acetonitrile. The elution gradient

established was isocratic 15% for 5 min, 15% B to 20% B over 5 min, 20-25% B over



10 min, 25-35% B over 10 min, 35-50% for 10 min, and re-equilibration of the column,
using a flow rate of 0.5 mL/min. Double online detection was carried out in the DAD
using 280 nm and 370 nm as preferred wavelengths and in a mass spectrometer (MS)
connected to HPLC system via the DAD cell outlet.

MS detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt,
Germany) equipped with an ESI source and a triple quadrupole-ion trap mass analyzer
that was controlled by the Analyst 5.1 software. Zero grade air served as the nebulizer
gas (30 psi) and turbo gas for solvent drying (400 °C, 40 psi). Nitrogen served as the
curtain (20 psi) and collision gas (medium). The quadrupols were set at unit resolution.
The ion spray voltage was set at -4500V in the negative mode. The MS detector was
programmed to perform a series of two consecutive modes: enhanced MS (EMS) and
enhanced product ion (EPI) analysis. EMS was employed to record full scan spectra to
obtain an overview of all of the ions in sample. Settings used were: declustering
potential (DP) -450 V, entrance potential (EP) -6 V, collision energy (CE) -10V. Spectra
were recorded in negative ion mode between m/z 100 and 1000. Analysis in EPI mode
was further performed in order to obtain the fragmentation pattern of the parent ion(s)
detected in the previous experiment using the following parameters: DP -50 V, EP -6 V,
CE -25V, and collision energy spread (CES) 0 V.

The phenolic compounds present in the samples were characterised according to their
UV and mass spectra and retention times compared with commercial standards when
available. For the quantitative analysis of phenolic compounds, a calibration curve was
obtained by injection of known concentrations (1-100 ug/mL) of different standards
compounds: (+)-catechin (y = 158.42x - 11.38; R* = 0.999); (-)-epicatechin (y =
160.86x - 6.3472; R* = 0.999); caffeic acid (y = 611.9x -4.5733; R* = 0.999);

chlorogenic acid (y = 313.03x - 58.2; R* = 0.999); p-coumaric acid (y = 884.6x -



184.49; R* = 0.999); ferulic acid (y = 505.97x - 64.578; R* = 0.999); apigenin-7-O-
glucoside (y = 159.62x + 7.5025; R* = 0.999); quercetin-3-O-glucoside (y = 253.52x -
11.615; R* = 0.999); kaempferol-3-O-glucoside (y = 288.55x - 4.0503; R*=1.000); p-
hydroxybenzoic acid (y = 265.74x - 87.777; R* = 0.999); protocatechuic acid (y =

291.1x - 6.4558; R* = 0.999).

Analysis of anthocyanins

Each sample (1 g) was extracted with 30 mL of methanol containing 0.5% TFA, and
filtered through a Whatman n° 4 paper. The residue was then re-extracted twice with
additional 30 mL portions of 0.5% TFA in methanol. The combined extracts were
evaporated at 35 °C to remove the methanol, and re-dissolved in water. For purification,
the extract solution was deposited onto a C-18 SepPak™ Vac 3 cc cartridge
(Phenomenex), previously activated with methanol followed by water; sugars and more
polar substances were removed by passing through 15 mL of water and anthocyanin
pigments were further eluted with 5 mL of methanol/water (80:20, v/v) containing 0.1%
TFA. The methanolic extract was concentrated under vacuum, lyophilized, re-dissolved
in 1 mL of 20% aqueous methanol and filtered through a 0.22-um disposable LC filter
disk for HPLC analysis.

The extracts were analysed in the HPLC system indicated above using the conditions
described by (Garcia-Marino, Herndndez-Hierro, Rivas-Gonzalo & Escribano-Baildn,
2010). Separation was achieved on an AQUA® (Phenomenex) reverse phase Cg column
(5 wm, 150 mm x 4.6 mm i.d) thermostatted at 35 °C. The solvents used were: (A) 0.1%
TFA in water, and (B) 100% acetonitrile. The gradient employed was: isocratic 10% B
for 3 min, from 10 to 15% B for 12 min, isocratic 15% B for 5 min, from 15 to 18% B

for 5 min, from 18 to 30% B for 20 min and from 30 to 35% for 5 min, at a flow rate of



0.5 mL/min. Double detection was carried out by DAD, using 520 nm as the preferred
wavelength, and MS using the same equipment described above. Zero grade air served
as the nebulizer gas (40 psi) and turbo gas (600 °C) for solvent drying (50 psi). Nitrogen
served as the curtain (100 psi) and collision gas (high). Both quadrupols were set at unit
resolution. The ion spray voltage was set at 5000V in the positive ion mode. EMS and
ESI methods were used for acquisition of full scan spectra and fragmentation patterns of
the precursor ions, respectively. Setting parameters used for EMS mode were:
declustering potential (DP) 41 V, entrance potential (EP) 7.5 V, collision energy (CE)
10 V, and parameters for EPI mode were: DP 41 V, EP 7.5 V, CE 10 V, and collision
energy spread (CES) 0 V.

The anthocyanins present in the samples were characterised according to their UV and
mass spectra and retention times, and comparison with authentic standards when
available. For quantitative analysis, a calibration curve was obtained by injection of
known concentrations (50-0.25 ug/mL) of different standards compounds: cyanidin-3-
O-glucoside (y = 63027x - 153.83; R* = 0.9995), pelargonidin-3-O-glucoside (y =
268748x - 71.423; R* = 1.0000) and peonidin-3-O-glucoside (y = 537017x - 71.469; R

= 0.9997).

2.7. Statistical analysis

For each type of sample three independent experiments were performed, and in each of
them samples were analysed in duplicate. The results were expressed as mean values +
standard deviation (SD). The statistical differences represented by letters were obtained
through one-way analysis of variance (ANOVA) followed by Tukey’s honestly

significant difference post hoc test (homoscedastic distributions) or Tamhane’s T2 test
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(heteroscedastic distributions) with o = 0.05, coupled with Welch’s statistic. All

statistical tests were performed with the SPSS v.18.0 software.

3. Results

3.1. Growth inhibitory activity on human tumour cell lines

The effects of the phenolic extracts obtained from hawthorn parts (flower buds and
unripe, ripened and over ripened fruits) on the growth of four human tumour cell lines
(MCF-7, NCI-H460, HeLa and HepG2), represented as the concentrations that caused
50% of cell growth inhibition (Glsp), are summarized in Table 1. These cell lines were
selected because they are well characterized and representative of different tumor cell
types, with different tissue origins, being widely used to screen antitumour potential.
The flower buds extract was the most potent in all tested cell lines, presenting Gls
values that ranged from 63.55 to 88.45 pg/mL for the HelLa and HepG2 cells,
respectively. Nevertheless, none of the samples showed toxicity in the non-tumour
tested cells (porcine liver primary cell culture; PLP2), since Glsy values were much
higher than those corresponding to tumour cell lines (Table 1).

Ellipticine, a potent antitumor agent whose mechanism of action is considered to be
based mainly on DNA intercalation and/or inhibition of topoisomerase II (Stiborova,
Bieler, Wiessler, & Frei, 2001), was used as positive control. However it should not be
considered as standard because it is a pure and synthetic compound. Furthermore, it
shows also high toxicity for non-tumour cells. The obtained results for the most active
C. monogyna samples were comparable to other natural matrixes also studied by us in
the same cell lines (Vaz et al., 2012).

The characterization of the phenolic compounds present in the extracts was performed

by HPLC-DAD-MS analysis, and data of the retention time, Amax, pseudomolecular ion,
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main fragment ions in MS?, tentative identification and concentration of phenolic acids,
flavonoids and anthocyanins are presented in Tables 2-4. As an example, the HPLC
phenolic profiles of C. monogyna flower bud (A) and unripe fruit (B) recorded at 280
nm can be observed in Figure 1. The separation for some minor compounds was not

completely effective, hindering their quantification.

3.2. Phenolic acids and derivatives

The found phenolic acids corresponded to hydroxycinnamic acid derivatives, namely
chlorogenic acids, a family of esters formed between certain cinnamic acids, most
commonly caffeic, p-coumaric and ferulic acids and quinic acid (IUPAC, 1976).
According to their UV spectra (Amax at 314-330 nm) and pseudo molecular ions [M-H]
(m/z at 353,337, 367, 515 and 499, all of them yielding a product ion at m/z 191, due to
the deprotonated quinic acid), ten compounds detected in the flower buds (peaks 1, 3, 4,
6,8, 11, 13,21, 27 and 28 in Table 2) and three compounds in fruit extracts (peaks 1, 3
and 23 in Table 3) were identified as cinnamoyl-quinic acids containing one or two
caffeic acid, p-coumaric acid, ferulic acid moieties. Peak assignments of the different
hydroxycinnamoylquinic acid isomers were made using the recommended ITUPAC
numbering system (IUPAC, 1976) and the hierarchical keys previously developed by
(Clifford, Johnston, Knight & Kuhnert, 2003; Clifford, Knight & Kuhnert 2005). Peak
6, the major phenolic compound found in flower bud, was positively identified as 5-O-
caffeoylquinic acid by comparison with an authentic standard. Peak 1 and 3 in flower
buds and fruits, were identified as 3-O-caffeoylquinic acid and 3-p-coumaroylquinic
acid, respectively, due to they yielded deprotonated quinic acid (m/z at 191) as base

peak and another ion at m/z 179 [caffeic acid-H] or m/z 163 [p-coumaric acid-H], with
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an intensity >50% base peak, a fragmentation pattern characteristic of 3-acylchlorogenic
acids (Clifford et al., 2003, 2005).

Peak 4 in flower buds was easily distinguished from its base peak at m/z 173 ([quinic
acid-H-H,O]’), accompanied by a secondary fragment ion at m/z 179 with
approximately 80% abundance, which allowed identifying as 4-O-caffeoylquinic acid
according to the fragmentation patterns described by (Clifford et al., 2003, 2005). Peaks
8 and 11 were identified as the cis and trans isomers of 5-p-coumaroylquinic acid based
on their fragmentation. These two compounds had already been identified by our group
in C. monogyna flowers (Barros et al., 2012). Similarly, peak 13 was tentatively
identified as 5-feruloylquinic acid.

Peak 21 in flower bud and peak 23 in fruits (pseudomolecular ion [M-H] at m/z 515)
were assigned to 3,5-O-dicaffeoylquinic acid, based on their fragmentation pattern and
relative fragment ion abundances (Clifford et al., 2003, 2005). MS* peak at m/z 353 was
produced by the loss of one of the caffeoyl moieties [M-H-caffeoyl]’, and subsequent
fragmentation of this ion yielded the same fragments as a 5-caffeoylquinic acid at m/z
191 and 179 and 135, although in this case with a comparatively more intense signal at
m/z 179 [caffeic acid-H] (<50% base peak). Peak 27 and 28 in flower bud presented a
similar UV spectra and the same pseudomolecular ion at m/z 499 that yielded fragments
at m/z 353 ([caffeoylquinic acid-H], 337 ([p-coumaroylquinic acid-H]’), and 179 and
163, corresponding to deprotonated caffeic acid and deprotonated coumaric acid,
respectively, which allowed identifying them as two -caffeoyl-p-coumaroylquinic
isomers.

Peaks 2 and 5 (same pseudomolecular ion [M-H] at m/z 391) in flower buds were
assigned to caffeic acid derivatives as they showed UV spectra similar to caffeic acid

with Ama at 328 nm and an MS® fragment at m/z 179 ([caffeic acid-H]). These
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compounds could not be fully identified. One compound with similar characteristics
was also identified in fruits (Peaks 4 in Table 3).

Peak 7 in flower buds presented UV spectra similar to p-coumaroylquinic acid but
eluted at a different retention time. No clear signal that could be associated to a
pseudomolecular ion could be obtained, although ions at m/z 163 (possible deprotonated
p-coumaric acid) and 119 (further loss of a carboxyl group) were observed at its
retention time using ESI detection. Thus, this peak might be tentatively associated to a

p-coumaric acid derivative.

3.3. Flavonols

In all the studied samples, quercetin derivatives (Amax around 354 nm, and an MS’
fragment at m/z 301) were particularly abundant. Quercetin 3-O-rutinoside and
quercetin 3-O-glucoside were found in flower buds (peaks 16 and 18 in Table 2) and
fruits (peaks 19 and 20 in Table 3). Both were positively identified according to their
retention, mass and UV-vis characteristics by comparison with commercial standards.
Other detected quercetin glycosides were peak 20 in flower buds and peak 22 in fruits,
which were assigned to a quercetin acetylhexoside (pseudomolecular ion [M-H] at m/z
505); peak 19 in flower buds and peak 21 in fruits, as quercetin hexosides ([M-H] at
m/z 463); peak 22 in flower buds ([M-H] at m/z 433), as a quercetin pentoside, and peak
17 ([IM-H] at m/z 609) as a quercetin-thamnosyl-hexoside. Their identities were
assigned based on their pseudomolecular ions and MS® spectra, releasing fragments
corresponding to the losses of hexosyl (-162 mu), pentosyl (-132 mu), rhamnosyl-
hexosyl (-146-162 mu) and the acetyl moieties (-42 mu). In none of them the identity of

the sugar and positions of location of the substituents could be established.
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Other detected flavonols corresponded to kaempferol and isorhamnetin derivatives.
Kaempferol 3-O-glucoside (peak 23 in flower buds, Table 2) was identified in
accordance with its retention, mass spectrum and UV-vis characteristics by comparison
with a commercial standard. Peak 25 in flower buds (pseudomolecular ion [M-H] at m/z
519) was identified as isorhamnetin acetylhexoside from the loss of 204 mu (-162-42
mu, corresponding to hexosyl + acetyl residues) to yield an MS? product ion at m/z 315

(isorhmanetin).

3.4. Flavones

C-glycosylated flavones were also found in flower buds. Peak 15 showed a
pseudomolecular ion [M-H] at m/z 577, releasing typical MS* fragments ions. The loss
of 120 mu (ion at m/z 457 ([M-H-120]") is characteristic of C-hexosyl flavones
(Ferreres, Silva, Andrade, Seabra & Ferreira, 2003), while the loss of 164 mu, releasing
the fragment at m/z 413 ([M-H-146-18]) can be associated to an O-glycosylation on the
hydroxyl group at position 2 of the C-glycosylation sugar (Ferreres, Gil-Izquierdo,
Andrade, Valentdo & Tomads-Barberan, 2007). The remaining ions at m/z 341
([aglycone + 71)], m/z 311 ([aglycone + 41)]" and m/z 293 ([aglycone + 41-18]) are
usual in mono-C-glycosyl derivatives O-glycosylated on 2’ position (Ferreres et al.,
2007). According to this fragmentation pattern the compound was tentatively identified
as 2’’-O-rhamnosyl-C-hexosyl-apigenin. Similar reasoning was applied for the
assignment of peaks 24 ([M-H] at m/z 619), 26 and 29 ([M-H] at m/z 661) in flower
buds with similar MS® fragmentation as peak 15, but containing additionally one or two
acetyl residues (42 mu). Thus, these peaks were tentatively assigned as 2’’-O-
rhamnosyl-C-acetylhexosyl-apigenin  (peak 24) and 2’’-O-acetylthamnosyl-C-

acetylhexosyl-apigenin or 2’’-O-rhamnosyl-C-diacetylhexosyl-apigenin (peak 26 and
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29), although the fragmentation pattern obtained did not actually allow concluding

about the precise location of the acetyl residues.

3.5. Flavan-3-ols

Flavan-3-ols (i.e., catechins and proanthocyanidins) were other relevant flavonoids
found in flower bud and, especially, fruit extracts of the Crataegum samples. Peak 9 in
flower buds and peak 8 in fruits were identified as (-)-epicatechin by comparison of its
UV spectra and retention time with a commercial standard. Signals at m/z 577, 865 and
1153 in flower buds (peaks 10 and 12) in fruits (peaks 5-7, 10-18) can be respectively
associated to B-type procyanidin dimers, trimers and tetramers (i.e., (epi)catechin units
linked to C4-C8 or C4-C6 interflavonoid linkages), whereas peak 14 (pseudomolecular
ion [M-H] at m/z 849) in flower buds was coherent with a proanthocyanidin trimer
consisting of one (epi)afzelechin unit and two (epi)catechin units. Furthermore, peak 9
in fruit extracts showed a pseudomolecular ion [M-H] at m/z 863 that could correspond
to a procyanidin trimer containing two B-type and one A-type (i.e., C4-C8 or C4-C6

and C2-O-C7) interflavonoid linkages.

3.6. Anthocyanins

The anthocyanin profiles obtained for ripened and over ripened fruits were quite similar,
consisting of five different compounds, whereas the profile in unripe fruits was simpler
and only two anthocyanins were detected. The analytical characteristics, identities and
concentrations are presented in Table 4. Cyanidin 3-O-glucoside, pelargonidin 3-O-
glucoside and peonidin 3-O-glucoside were positively identified by comparison with
standards. The identity of cyanidin 3-O-rutinoside was also confirmed by comparison of

its chromatographic and UV and mass spectral characteristics with data in our library.

16



Peak 4 was assigned as cyanidin pentoside based on its mass spectra, which showed an
MS? signal at m/z 287 (cyanidin; [M-132]", loss of a pentosyl moiety). Cyanidin-3-O-
glucoside was the major anthocyanin in all the samples, and over ripened fruits were, by
far, the botanical part with the highest anthocyanin concentrations, which was coherent

with its higher pigmentation.

4. Discussion

The phenolic compounds found in plants are often related with their bioactivity, mostly
resulting from the synergistic or additive influence of the different classes of
compounds present in the extract (Ramful et al., 2011). Therefore, the higher
antiproliferative activity observed for flower buds extract could be related to its higher
concentrations of phenolic compounds, particularly the higher amounts of quercetin
derivatives and phenolic acids.

Quercetin was already reported as exerting potent growth inhibitory effects on several
malignant tumour cell lines, such as NK/LY ascites tumour cells, HeLa cells, gastric
cancer cells (HGC-27, NUGC-2, MKN-7 and MKN-28), colon cancer cells (COLO 320
DM), human breast cancer cells, human squamous and gliosarcoma cells, ovarian
cancer cells, human epidermoidal cancer (A431), human liver cancer cells (HepG2) and
human pancreatic cancer cells (Kandaswami et al., 2005). In addition, it seems to
influence the level of matrix metalloproteinases (MMPs) (Moon et al., 2003).

Also phenolic acids, such as gallic and caffeic acid derivatives had shown
antiproliferative effect toward HeLa cervix adenocarcinoma, breast cancer and leukemia
cell lines (Gomes et al., 2003). Furthermore, it was demonstrated that treatment of

MCF-7 and MAD-MB-231 human breast cancer cells with caffeic acid or chlorogenic
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acid partially inhibited the methylation of the promoter region of the RARb gene (De,
Baltas & Bedos-Belval, 2011).

Nevertheless, the potential synergistic effect of the different phenolic compounds
present in the extracts should not be discarded. Actually, the linear correlations
produced among phenolic compounds content and antiproliferative activity Glso values
had higher correlation coefficients for grouped flavonoids than for their individual

classes (Table 5) for all the assayed cell lines, except HepG2.

Conclusions

The extracts obtained from C. monogyna parts revealed antiproliferative activity, higher
for flower buds, which might be related with the phenolic compounds content found in
these extracts. It should be highlighted that the tested samples did not show toxicity for
non-tumour cells.

The phenolic profiles of the different parts revealed high predominance of flavonoids,
which are compounds that modulate a variety of biological events associated with
cancer progression and development, such as cell proliferation, apoptosis, cell
differentiation and neovascularization. Therefore, C. monogyna may be considered a
source of important phytochemicals (flavonoids, phenolic acids and anthocyanins) with

bioactive properties to be explored for pharmaceutical applications.
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Table 1. Growth inhibitory activity of Crataegus monogyna flower buds and fruit extracts on human tumour cell lines and on porcine non-tumour

cells.
Tumour cell lines Non-tumour cells
MCEF7 NCI-H460 HeLa HepG, PLP2
Sample
(breast carcinoma) (non-small lung cancer) (cervical carcinoma)  (hepatocellular carcinoma)  (porcine liver primary culture)

Flower bud 66.96%0.01 b 67.61£4.29b 63.55+3.56d 88.45+8.11b 356.60 +2.00
Unripened fruit 82.02+7.73 b 84.18=7.90 b 95.76 + 6.08 ¢ 297.99+5.19a >400

Ripened fruit 223.53+8.24a 274.94+13.56 a 176.75+9.84 b 318.72+£4.87a >400
Overripened fruit  219.44+9.19a 277.89+9.23 a 228.61+3.54a 282.00+13.68 >400

Ellipticine 1.42+£0.18 1.06 +0.15 0.81+0.06 1.21+0.20 1.98+0.06

Results are expressed as Glso (concentration of extract in pg/mL that cause 50% of cell growth inhibition), and show means = SD of 3

independent experiments performed in duplicate. In each column, different letters in tumour cell lines data mean significant differences between

results (p<0.05).



Table 2. Retention time (Rt), wavelengths of maximum absorption (Am.x), mass spectral data, relative abundances of fragment ions, tentative
identification and quantification of the phenolic compounds in Crataegus monogyna flower buds.

Rt Mmax Pseudomolecular MS? . . . Quantification*
Peak (min) (nm) ion [M-H]" (m/2) (m/z) Tentative identification mg/g, dw
Flower bud
1 6.5 326 353 191(100), 179(80), 173(15), 161(16), 135(87) 3-O-caffeoylquinic acid 1.58+0.07
2 7.5 328 391 217(100), 179(44), 173(16), 135(44) Caffeic acid derivative 0.45+0.02
3 8.2 312 337 191(100), 173(8), 163(69), 155(3), 119(49) 3-p-coumaroylquinic acid 0.07+0.00
4 8.5 330 353 191(58), 179(80), 173(100), 161(7), 135(63) 4-0O-Caffeoylquinic acid 0.17+0.02
5 8.7 328 391 217(100), 179(61), 173(14), 161(3), 135(37) Caffeic acid derivative 0.11+0.00
6 9.4 326 353 191(100), 179(5), 173(10), 161(11), 135(2) 5-O-caffeoylquinic acid 5.41+0.01
7 10.4 314 - 163(30), 119(100) p-Coumaric acid derivative 0.20+0.07
8 11.0 314 337 191(100), 173(47), 163(29) cis-5-p-Coumaroylquinic acid 0.02+0.00
9 12.0 280 289 245 (100), 205(62), 151(38), 137(47) (-)-Epicatechin 2.32+0.08
10 13.5 278 865 223882723897((67))7 713(6), 695(15), 577(28), 575(9), 425(33),407(100), Procyanidin trimer 0.37+0.01
11 14.0 314 337 191(100), 173(6), 163(12), 119(6) trans-5-p-Coumaroylquinic acid 0.12+0.00
12 14.4 278 1153 865(6), 577(6), 575(6), 561(100), 289(53) Procyanidin tetramer 0.43+0.06
13 15.5 328 367 193(6), 191(100), 173(4), 134(9) 5-Feruloylquinic acid 0.10+0.01
14 164 280 849 679(11), 559(36), 289(21), 271(5) Proanthocyanidin trimer (1(epi)afzclechint2 0.13+0.01
(epi)catechin units)
15 17.4 338 577 457(2), 413(50), 341(4), 311(19), 293(100) 2”’-0O-Rhamnosyl-C-hexosyl-apigenin 4.33+0.04
16 19.1 354 609 301(100) Quercetin 3-O-rutinoside 0.33+0.01
17 19.3 356 609 301(100) Quercetin thamnosyl-hexoside 0.16+0.00
18 20.3 356 463 301(100) Quercetin 3-O-glucoside 3.24+0.05
19 20.7 352 463 301(100) Quercetin hexoside 1.11+0.00
20 22.0 354 505 463(28), 301(100) Quercetin acetylhexoside 0.30+0.01
21 22.5 328 515 353(100), 335(6), 191(87), 179(42), 173(12), 135(50) 3,5-O-Dicaffeoylquinic acid 1.41£0.05
22 23.1 356 433 301(19) Quercetin pentoside 0.05+0.01
23 24.3 352 447 285(50) Kaempferol 3-O-glucoside 0.04+0.01
24 24.9 342 619 499(4), 413(69), 293(100) 2’’-0-Rhamnosyl-C-acetylhexosyl-apigenin 0.40+0.04
25 253 346 519 315(100), 300(74) Isorhamnetin acetylhexoside 0.84+0.01
2”’-0-Acetylrhamnosyl-C-acetylhexosyl-apigenin or
26 26.7 344 661 601(47), 455(45), 395(32), 311(23), 293(100) 27-O-thamnosyl-C-diacetylhexosyl-apigenin 0.09+0.05
27 27.1 312 499 353(7), 337(29), 191(19), 173(15), 179(6), 163(100) Caffeoyl-p-coumaroylquinic acid 0.06:+0.02
28 27.5 316 499 353(67), 337(15), 191(100), 179(43), 173(13), 163(16) Caffeoyl-p-coumaroylquinic acid 0.07+0.02
2”’-0-Acetylrhamnosyl-C-acetylhexosyl-apigenin or
29 28.6 340 661 601(19), 455(78), 311(16), 293(100) 27*-0-thamnose-C-diacetyl-hexoside apigenin 0.86+0.02
Phenolic acids 9.76+0.25
Flavonoids 15.02+0.33
Phenolic compounds 23.94+0.59

*mean = SD of 3 independent experiments performed in duplicate.
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Table 3. Retention time (Rt), wavelengths of maximum absorption (Am.x), mass spectral data, relative abundances of fragment ions, tentative
identification and quantification of the phenolic compounds in Crataegus monogyna fruit extracts.

Pseudomolecular 2 . .
Peak Rt (min) Pmax ion MS Tentative identification Quantl/ﬁcatlon*
(nm) [M-H] (m/2) (m/z) mg/g, dw
Unripened fruit  Ripened fruit  Over ripened fruit

1 6.5 326 353 191(100), 179(82), 173(14), 161(12), 135(82) 3-O-Caffeoylquinic acid 1.48+0.13 0.60+0.02 0.49+0.02
2 7.5 328 335 231(17), 217(100), 179(70), 135(24) Caffeic acid derivative 0.02+0.00 0.0140.00 0.0120.00
3 8.2 312 337 191(100), 173(10), 163(69), 155(3), 119(38) 3-p-Coumaroylquinic acid |  0.32+0.03 0.1240.00 0.1240.01
4 84 326 391 391(100), 217(57), 179(57), 135(43) Caffeic acid derivative 0.36+0.03 0.14+0.01 0.3840.03
5 9.5 278 865 ;ggg)z’)ggg?g’76)95(2z)’ 371(33), 373(15), 425(31), 407 (100), Procyanidin trimer 0.30+0.04 0.28+0.03 0.29+0.03
6 10.0 280 577 451(38), 425(67), 407(100), 289(76), 287(20) Procyanidin dimer 1.74+0.13 1.2740.03 1.7120.07
7 104 278 1153 865(22), 713(4), 577(33), 575(16), 561(20), 289(100) Procyanidin tetramer 0.19+0.06 0.15+0.01 0.1320.02
8 120 278 289 137(43) (-)-Epicatechin 5.1940.59 1.84+0.09 2.9840.07
9 132 278 863 863(100), 711(26), 573(16), 451(18), 411(30), 289(16), 285(12) fyr;g_yztiliii;g;mer with a 0.05+0.00 nd 0.13+0.01
10 135 280 865 ;gggg ;;;Eg; 695(22), 577(35), 575(22), 425(21), 407 (100),  p . nidin trimer 1.4440.10 0.75+0.02 0.79+0.01
11 144 280 1153 865(11), 713(5), 577(30), 575(22), 561(30), 289(100) Procyanidin tetramer 0.93+0.02 0.38+0.04 0.3120.03
12 153 280 865 ;ggg ;583 695(11), 577(16), 575(24), 425(11),407(100), Procyanidin trimer 0.19+0.02 0.14+0.01 0.1240.01
13 158 280 1153 865(20), 577(27), 575(16), 561(7), 289(100) Procyanidin tetramer 0.45+0.11 0.14+0.01 0.0840.00
14 162 280 865 577(45), 287(100) Procyanidin trimer 0.18+0.08 0.1120.01 0.0620.00
15 168 280 865 739(10), 695(7), 577(42), 575(28), 425(10), 289(58), 287(72) Procyanidin trimer 0.33+0.07 0.10£0.01 0.0420.01
16 171 280 1153 289(100) Procyanidin tetramer 0.29+0.05 0.09+0.00 0.0940.02
17 175 280 1153 865(36), 713(7), 577(21), 575(32), 561(7), 289(100) Procyanidin tetramer 0.1320.02 0.04+0.00 0.0840.01
18 18.5 280 577 451(27), 425(57), 407(100), 289(73), 287(15) Procyanidin dimer 0.3240.03 0.19+0.05 0.2120.01
19 191 356 609 301(100) Quercetin 3-O-rutinoside 0.05+0.00 0.02+0.00 0.0520.00
20 203 355 463 301(100) Quercetin 3-O-glucoside 0.59+0.06 0.5140.02 0.370.01
21 207 354 463 301(100) Quercetin hexoside 0.16£0.01 0.2140.01 0.130.01
22 220 354 505 463(26), 301(100) Quercetin acetylhexoside 0.02+0.00 0.0340.00 0.07+0.00
23 225 330 515 353(100), 191(64), 179(37), 173(4), 135(17) 3,5-Dicaffeoylquinic acid 0.050.01 nd nd

Phenolic acids 2.25+0.17 0.89+0.00 1.00+0.05

Flavonoids 12.77+1.24 6.190.34 8.28+0.16

Phenolic compounds 15.02+1.42 7.07+0.34 9.29+0.22

*mean = SD of 3 independent experiments performed in duplicate.
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Table 4. Retention time (Rt), wavelengths of maximum absorption in the visible region (Amax), mass spectral data, tentative identification and
concentration of anthocyanins in Crataegus monogyna fruit extracts.

Peak Rt Amax Molecular ion MS? Tentative identification Quantification
(min) (nm) [M+H]" (m/z)  (m/2) (ng/g, dw)
Unripened fruit Ripened fruit Over ripened fruit
1 20.9 516 449 287 Cyanidin-3-O-glucoside 30.32x1.16 483.89+24.61 4052.01x141.71
2 22.7 518 595 449287  Cyanidin-3-O-rutinoside nd 10.12+0.55 78.72+6.27
3 24.9 502 433 271 Pelargonidin-3-O-glucoside nd 1.03+0.01 5.13+£0.26
4 25.6 518 419 287 Cyanidin-3-O-pentoside nd 15.76+0.21 131.55+6.71
5 27.8 516 463 301 Peonidin-3-O-glucoside 0.23+0.01 0.48+0.04 7.41+0.22
Total anthocyanins 30.55+1.17 511.28+25.35 4274.83+£155.18
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Table 5. Correlations between total phenolics, phenolic acids and flavonoids classes and subclasses with antiproliferative activity Glsg values.

Equation, R’
Compounds
MCF7 NCI-H460 HeLa HepG2
Total phenolic  y=-10.022x + 284.28,0.8184  y=-14.068x + 371.53, 0.8028 y=-8.575x + 257.49, 0.7697 y=-13.598x + 440.93, 0.8678
compounds F=9.011; p=0.095 F =18.140; p = 0.104 F=6.685p=0.123 F=13.130,p = 0.068
y=-21.620x + 367.26, 0.960 y=-30.475x +489.28,0.9497 y=-17.228x+315.59,0.7833  y=-21.964x +478.74,0.5707
Flavonoids

Phenolic acids

Flavanols

Flavonols

Procyanidins

F =48.16; p = 0.020
y=-14.923x + 199.62, 0.5563
F=2.508; p=0.254
y = -27.065x + 231.34, 0.2229
F=0.574; p=0.528
y=-24.312x + 195.69, 0.3896
F=1276;p=0376
y = 1.4884x + 142.15, 0.0016
F =0.003; p = 0.960

F =37.74; p = 0.025
y = -20.844x + 252.34, 0.5404
F=2351;p=0.265
y=-39.968x + 300.23, 0.2301
F =0.598; p = 0.520
y=-33.737x + 246.41, 0.3735
F=1.192; p=0.389
y=1.3634x + 175.18, 0.0007
F=0.001; p=0.974

F=7227;p=0.115
y=-13.813x + 188.67, 0.6124
F=3.160; p=0217
y=-13.427x + 182.22, 0.0705
F=0.152; p=0.735
y=-23.146x + 186.29, 0.4536
F=1.661;p=0326
y=5.7604x + 119.69, 0.0312
F =0.064; p = 0.823

F =2.659; p = 0.245
y=-26.302x + 347.01, 0.9955
F = 441.0; p = 0.002
y=20.000x + 194.37, 0.0701
F=0.151;p=0.735
y=-51.057x + 356.20, 0.9896
F =190.8; p = 0.005
y=35.999x + 123.66, 0.5465
F=2410;p=0.261




Figure 1. HPLC chromatogram of the phenolic compounds of Crataegus monogyna flower bud (A) and unripe fruit (B) recorded at 280 nm.
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