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Abstract

Medicinal plants are sources of bioactive compounds with recognized beneficial effects
on human health. An example is Osyris quadripartita, also known as Osyris lanceolata
which is known for its traditional therapeutic properties in some African countries. The
aim of the present study was to evaluate the antioxidant (free radicals scavenging
activity, reducing power and lipid peroxidation inhibition), anti-inflammatory
(inhibition of NO production in lipopolysaccharide-stimulated RAW 264.7
macrophages) and cytotoxic (in a panel of human tumor cell lines and in non-tumor
porcine liver primary cells) properties of O. quadripartita, providing a phytochemical
characterization of its aqueous extracts and different organic fractions, by using high-
performance liquid chromatography coupled to diode array detection and electrospray

ionisation mass spectrometry (HPLC-DAD-ESI/MS). Twenty-eight individual phenolic

compounds were identified: fifteen flavan-3-ols, six flavones, four flavonols, two
phenolic acids and one flavanone derivative. The main abundant compounds in the ethyl
acetate fraction were (+)-catechin and procyanidin dimer B1 (EC-4,8-C). Quercetin-3-
O-rutinoside was the major compound in both n-butanol fraction and crude aqueous
extract. In most of the samples and assays the antioxidant activity was higher than the
one revealed by the positive control Trolox, being the highest antioxidant activity
observed in the ethyl acetate fraction. The same fraction also showed the highest
inhibition of NO production and the highest cytotoxicity against MCF-7 and NCI-H460
cell lines. This study highlights the potential of O. quadripartita fractions rich in

phenolic compounds to be used in pharmaceutical and cosmetic fields.

Keywords: Osyris quadripartita; phenolic compounds; antioxidant; anti-inflammatory;

cytotoxic properties



1. Introduction

The over production of reactive oxygen species (ROS) beyond the antioxidant capacity
of biological systems leads to oxidative stress which is involved in various
inflammatory processes and diseases including cancer (Kashfi, 2009; Carocho and
Ferreira, 2013a). The major group of secondary metabolites, phenolic compounds might
contribute to prevent these chronic diseases due to their strong antioxidant properties
(Ozsoy et al., 2008; Carocho and Ferreira, 2013b). Phenolic compounds act as free
radical scavengers and ROS quenchers, being also able of decomposing peroxides,
chelating transition metals and inhibiting enzymes (e.g., xanthine oxidase and
cyclooxygenase) involved in the production of reactive species (Pokorny et al., 2001;
Fraga, 2007; Halliwell, 2008; Embuscado, 2015).

With the increased interest in natural bioactive compounds, health professionals
interested in holistic practices and research scientists are carrying out experimental trials
to confirm the in vitro results obtained with phytochemicals in the prevention of many
diseases (Tiwari, 2001; Halliwell, 2006, 2009). Meanwhile, it is important to explore
the Plantaec kingdom (e.g., medicinal plants) in order to find alternative sources of
antioxidant molecules that could be used in chemoprevention of inflammatory processes
and chronic diseases.

Osyris quadripartita Salzm. Ex Decne. is a synonymy of Osyris lanceolata Hochst. &
Steud (Santalaceae). It is an hemiparasitic shrub or small tree from the Mediterranean
and tropical regions (hot and dry ones), ranging from Southern Europe (Portugal and
Spain), northern, eastern and southern Africa, through Arabia, to Indian subcontinent,
China, Myanmar, Thailand and Laos (Quezel and Santa, 1963; Singh et al., 2005; Fern

et al. 2016). In Algeria, this species is recognized as Madjad. Osyris genus is widely



used in traditional medicine as anti-diarrhea, anti-malaria and antifungal agents, and to
treat kidney diseases and cancer (Semenya and Maroyi, 2012; Masevhe et al., 2015).
The dried leafs and roots of O. quadripartita are used in aqueous oral preparations for
treatment of cancer and the leaf infusion has emetic properties being used to cure
diarrhea and eye infection (Chhabra et al., 1991; Kelbessa and Nagappan, 2014). Its
anti-inflammatory, antibacterial, antifungal and antimalarial activities have been
previously described (Geyid et al., 2005; Van Vuuren and Viljoen, 2006; Mulaudzi et
al., 2011; Mulaudzi et al., 2013; Girma, 2015). Furthermore, there are very few reports
in literature regarding the phytochemical composition whitin this species. Nonetheless,
Yeboah et al., (2010) reported the presence of dihydroagarofuran sesquiterpenes and
triterpenes. Other Osyris species have been investigated regarding their chemical
characterization, highlighting the presence of glycosylated flavonoids (kaempferol-3-O-
rutinoside) in O. alba (Iwashina et al., 2008) and sesquiterpenes in O. tenuifolia (Kreipl
and Konig, 2004).

The aim of the present study was to evaluate the antioxidant, anti-inflammatory and
cytotoxic properties of O. quadripartita, providing a phytochemical characterization of

its aqueous extracts and different organic fractions.

2. Materials and Methods

2.1. Plant material

The leaves of Osyris quadripartita Salzm.Ex Decne. (wild tea; local name: Madjad)
were harvested at west of Algeria (Oran) in August 2014. The botanical identification of
the plant was confirmed by Professor Marouf Abderrazak from University Center
Naama (Algeria). The fresh material was oven-dried at 40 °C during 48h and then

reduced to a fine powder (~ 40 mesh).



2.2. Standards and reagents

HPLC-grade acetonitrile was obtained from Merck KgaA (Darmstadt, Germany).
Formic and acetic acids were purchased from Prolabo (VWR International, France).
Butanol (99%) was from Lab-Scan and ethyl acetate (99.8%) was from Fisher Scientific
(Lisbon, Portugal). Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)
was purchased from Sigma (St. Louis, MO, USA). Phenolic compound standards were
purchased from Extrasynthese (Genay, France). 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
was obtained from Alfa Aesar (Ward Hill, MA, USA). Foetal 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,
Utah, USA). Acetic acid, ellipticine, sulforhodamine B (SRB), trypan blue,
trichloroacetic acid (TCA) and Tris were from Sigma Chemical Co. (St Louis, MO
USA). Water was treated in a Milli-Q water purification system (TGI Pure Water

Systems, Greenville, SC, USA).

2.3. Extraction procedure

The dried and powdered leaves of O. quadripartita were extracted three times by heat
reflux with distilled water 10% (w/v) during 30 minutes followed by filtration. The
filtered solution obtained was lyophilized (Gardiner, NY, USA) to dryness. The
obtained aqueous extract (10 g) was then solubilized in distilled water and further
partitioned using solvents with increasing polarity (chloroform, ethyl acetate and n-

butanol) by performing successive liquid-liquid extractions.



The following extracts and fractions were used in the subsequent assays: crude aqueous
extract, and ethyl acetate and butanol fractions. The residues were re-dissolved in water:
methanol (80:20, v:v) for phenolic compounds characterization, methanol (5 mg/mL)
for antioxidant activity evaluation, and water (8 mg/mL) for anti-inflammatory and
cytotoxicity assays. In the bioactivity evaluation assays, the stock solutions were further

diluted and tested.

2.3. Phenolic compounds characterization

Phenolic compounds were determined by high-performance liquid chromatography
(HPLC, Hewlett-Packard 1100, Agilent Technologies, Santa Clara, CA, USA) as
previously described by the authors (Roriz et al., 2014). Separation was achieved with a
Waters Spherisorb S3 ODS-2 Cig (4.6 x 150 mm i.d., 3 um) column thermostatted at 35
°C, using a gradient elution, with (A) 0.1% formic acid in water, (B) acetonitrile.
Detection was performed using a double online detection with a diode array detector
(DAD) using 280 nm and 370 nm as preferred wavelengths and in a mass spectrometer
(MS) (API 3200 Qtrap, Applied Biosystems, Darmstadt, Germany). Phenolic
compounds were identified by comparing their retention time, UV-vis and mass spectra
with those obtained from standard compounds when available, or were tentatively
identified comparing these data with the information reported in the literature. For
quantitative analysis, a calibration curve for each available phenolic standard (apigenin-
C-glucoside, (+)-catechin, p-coumaric acid, (-)-epicatechin, naringenin, kaempferol-3-
O-rutinoside, quercetin-3-O-rutinoside, quercetin-3-O-glucoside and protocatechuic
acid) was constructed based on the UV signal at maximum wavelength 280 or 370 nm.

Compounds for which no standard was available were quantified by the curve of other



standard compound of the same phenolic group. The results were expressed in mg per g

of extract or fraction.

2.4. In vitro antioxidant activity assays

2.4.1. DPPH radical scavenging activity. This methodology was performed using an
ELX800 Microplate Reader (Bio-Tek). The reaction mixture in each one of the 96-wells
consisted of one of the different concentrations of the extracts (30 pL) and methanolic
solution (270 pL) containing DPPH radicals (6 x 10~ mol/L). The mixture was left to
stand for 60 min in the dark. The reduction of the DPPH radical was determined by
measuring the absorption at 515 nm. The radical scavenging activity (RSA) was
calculated as a percentage of DPPH discoloration using the equation: % RSA =
[(Appru - As)/Apppr] x 100, where Ag is the absorbance of the solution when the sample
extract has been added at a particular level and Apppy is the absorbance of the DPPH

solution (Roriz et al., 2014).

2.4.2. Reducing power. This methodology was performed by using the microplate
reader described above. The different concentrations of the extracts (0.5 mL) were
mixed with sodium phosphate buffer (200 mmol/L, pH 6.6, 0.5 mL) and potassium
ferricyanide (1% w/v, 0.5 mL). For each concentration, the mixture was incubated at 50
°C for 20 min, and trichloroacetic acid (10% w/v, 0.5 mL) was added. The mixture (0.8
mL) was poured into the 48-wells, as also deionized water (0.8 mL) and ferric chloride

(0.1% w/v, 0.16 mL), and the absorbance was measured at 690 nm (Roriz et al., 2014).

2.4.3. Inhibition of p-carotene bleaching. B-Carotene (2 mg) was dissolved in

chloroform (10 mL) and 2 mL of this solution were pipetted into a round-bottom flask.



After the chloroform was removed at 40 °C under vacuum, linoleic acid (40 mg), Tween
80 emulsifier (400 mg), and distilled water (100 mL) were added to the flask with
vigorous shaking. Aliquots (4.8 mL) of this emulsion were transferred to different test
tubes containing different concentrations of the extracts (0.2 mL). The tubes were
shaken and incubated at 50 °C in a water bath. As soon as the emulsion was added to
each tube, the zero time absorbance was measured at 470 nm. B-Carotene bleaching
inhibition was calculated using the following equation: (absorbance after 2 h of

assay/initial absorbance) x 100 (Roriz et al., 2014).

2.4.4. TBARS formation inhibition. Porcine brains were obtained from official
slaughtering animals, dissected, and homogenized with a Polytron in ice cold Tris-HCI
buffer (20 mM, pH 7.4) to produce a 1:2 w/v brain tissue homogenate which was
centrifuged at 3000 g for 10 min. An aliquot (100 uL) of the supernatant was incubated
with the different concentrations of the samples solutions (200 puL) in the presence of
FeSO4 (10 mM; 100 pL) and ascorbic acid (0.1 mM; 100 uL) at 37 °C for 1 h. The
reaction was stopped by the addition of trichloroacetic acid (28% w/v, 500 pL),
followed by thiobarbituric acid (TBA, 2%, w/v, 380 uL), and the mixture was then
heated at 80 °C for 20 min. After centrifugation at 3000 g for 10 min to remove the
precipitated protein, the colour intensity of the malondialdehyde (MDA)-TBA complex
in the supernatant was measured by its absorbance at 532 nm. The inhibition ratio (%)
was calculated using the following formula: Inhibition ratio (%) = [(A - B)/A] x 100%,
where A and B were the absorbances of the control and the sample solutions,

respectively (Roriz et al., 2014).



2.4.5. Determination of ECsy values. The sample concentrations providing 50% of
antioxidant activity or 0.5 of absorbance (ECsp) were calculated from the graphs of
antioxidant activity percentages (DPPH, B-carotene/linoleate and TBARS assays) or
absorbance at 690 nm (reducing power assay) against sample concentrations. Trolox

was used as positive control.

2.5. In vitro anti-inflammatory assays

2.5.1. Cells culture. The mouse macrophage-like cell line RAW 264.7 was cultured in
DMEM medium supplemented with 10% heat-inactivated foetal bovine serum (FBS),
glutamine and antibiotics at 37 °C under 5% CO,, in humidified air. For each
experiment, cells were detached with a cell scraper. In the experiment cell density of
5x10° cells/mL was used, and the proportion of dead cells was less than 5% according
to the Trypan blue dye exclusion test. Cells were seeded in 96-well plates at 150,000
cells/well and allowed to attach to the plate overnight. Subsequently, cells were treated
with the various concentrations of each sample for 1h. Dexamethasone (50 uM) was
used as a positive control for the experiment. The following step was the stimulation
with LPS (1 pg/mL) for 18h. The effect of all the tested samples in the absence of LPS
was also evaluated, in order to observe if they induced changes in Nitric oxide (NO)
basal levels. In negative controls, no LPS was added. Both extracts and LPS were

dissolved in supplemented DMEM (Corréa et al., 2015).

2.5.2. Nitric oxide determination. For the determination of nitric oxide, a Griess
Reagent System kit was wused, which contains sulphanilamide, N-(1-
napthyl)ethylenediamine hydrochloride (NED) and nitrite solutions. A reference curve

of nitrite (sodium nitrite 100 pM to 1.6 uM; y=0.0063x+0.1318; R’=0.9999) was



prepared in a 96-well plate. The cell culture supernatant (100 pL) was transferred to the
plate and mixed with sulphanilamide and NED solutions, 5-10 minutes each, at room
temperature. The nitric oxide produced was determined by measuring the absorbance at
540 nm (microplate reader ELX800 Biotek), and by comparison with the standard
calibration curve (Corréa et al., 2015). The results were expressed in ECsy values
(ng/mL), which correspond to the sample concentration providing 50% of inhibition of

nitric oxide (NO) production.

2.6. Cytotoxicity assays

2.6.1. In human tumor cell lines. Four human tumor cell lines were used: MCF-7 (breast
adenocarcinoma), NCI-H460 (non-small cell lung cancer), HeLa (cervical carcinoma)
and HepG2 (hepatocellular carcinoma). Cells were routinely maintained as adherent cell
cultures in RPMI-1640 medium containing 10% heat-inactivated FBS and 2 mM
glutamine (MCF-7, NCI-H460, HepG2 and HeLa cells) at 37 °C, in a humidified air
incubator containing 5% CO,. Each cell line was plated at an appropriate density
(7.5x10° cells/well for MCF-7 and NCI-H460 or 1.0x10* cells/well for HeLa and
HepG2) in 96-well plates. The sulforhodamine B assay was performed according to a
procedure previously described by the authors (Corréa et al., 2015). Ellipticine was used
as positive control and the results were expressed as Glsy values (sample concentration

that inhibited 50% of the net cell growth) in ug per mL.

2.6.2. In non-tumor 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 and 100 pg/mL streptomycin, and divided into 1 x 1 mm’ explants. Some of

10



these explants were placed in 25 cm” tissue flasks in DMEM medium supplemented
with 10% FBS, 2 mM nonessential amino acids and 100 U/mL penicillin and 100
pg/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 1.0 x 10 cells/well, and cultivated in DMEM medium with
10% FBS, 100 U/mL penicillin and 100 pg/mL streptomycin. Ellipticine was used as

positive control (Corréa et al., 2015).

2.7. Statistical analysis

Three samples were used for each extract/fraction and all the assays were carried out in
triplicate. The results are expressed as mean values and standard deviations (SD). The
results were analyzed using one-way analysis of variance (ANOVA) followed by
Tukey’s HSD test with a = 0.05. This treatment was carried out using the SPSS v. 22.0

program.

3. Results and discussion
3.1. Phenolic compounds
Twenty eight individual phenolic compounds: fifteen flavan-3-ols, six flavones, four
flavonols, two phenolic acids and one flavanone derivatives were detected and
tentatively identified in the aqueous extract, ethyl acetate and butanolic fractions of O.
quadripartita leaves (Table 1). An example of the phenolic profile of O. quadripartita

leaves ethyl acetate fraction, recorded at 280 and 370 nm, is shown in Figure 1. To the
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best of our knowledge this is the first report fully characterizing the phenolic
composition in O. quadripartita leaves.

The largest group of compounds found in both fractions and extract were flavan-3-ol
derivatives. Compounds 8 and 12 were positively identified as (+)-catechin and (-)-
epicatechin, according to their retention time, mass and UV-vis characteristics by
comparison with commercial standards. The remaining flavan-3-ols were identified as
proanthocyanidins based on their pseudomolecular ions and MS® fragmentation
patterns. The analysis of the produced fragments provides information about the type
elementary units and might also inform about their relative position in the
proanthocyanidins oligomer. Mass spectra do not allow, however, establishing the
position of the linkage between flavanol units (i.e., C4-C8 or C4-C6) nor differentiating
between isomeric catechins (e.g., catechin/epicatechin). Compounds 3, 5, 9, 11, 14, 16
and 21 presented the same pseudomolecular ion [M-H] at m/z 577 and MS’
fragmentation patterns coherent with B-type (epi)catechin dimers. Characteristic
product ions were observed at m/z 451 (-126 u), 425 (-152 u) and 407 (-152-18 u),
attributable to the HRF, RDA and further loss of water from an (epi)catechin unit, and
at m/z 289 and 287, that could be associated to the fragments corresponding to the lower
and upper (epi)catechin unit, respectively (Santos-Buelga and Gonzéalez-Paramas,
2014). According to their elution behaviour, those compounds could be tentatively
assigned to the different catechin (C) and epicatechin (EC) dimers linked through C4-
C8 or C4-C6 interflavan linkages. Thus, in RP-HPLC, procyanidins B3 (C-4,8-C) and
B1 (EC-4,8-C) are expected to elute before (+)-catechin, and dimers B4 (C-4,8-EC) and
B2 (EC-4,8-EC) before (-)-epicatechin (Santos-Buelga et al., 2003), so that they could
be associated to peaks 3, 5, 9 and 11, respectively, identification that was also supported

by comparison with our compound library. For their part, peaks 14, 16 and 21 can be
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assumed as C4-C6-linked dimers taking into account their later elution; based on their
relative position in the chromatogram they could correspond to procyanidins B7 (EC-
4,6-C), B8 (C-4,6-EC) and B5 (EC-4,6-EC). The concentrations of these compounds in
the samples seem coherent with those identities, since C4-C6-linked derivatives are
usually less abundant than their C4-C8 counterparts (de Pascual-Teresa et al., 2000).
Similarly, peaks 1, 2, 6, 7 and 19 (pseudomolecular ions [M-H] at m/z 865), can be
assigned as B-type (epi)catechin trimers. In this case it is more difficult to anticipate a
structure for the compounds, although oligomers are expected to elute earlier the greater
the number of lower catechin sub-units (Santos-Buelga et al., 2003); at least peaks 1 and
2 might be speculated to correspond to trimers C-4,8-C-4,8-C (C2) and EC-4,8-C-4,8-C,
the only ones that could be expected to elute before the dimer B3. In all cases,
fragmentation patterns are coherent with those expected for such types of compounds,
i.e., similar at those observed for proanthocyanidins dimers but with additional
fragments from the alternative cleavages of different interflavan bonds.

Peak 10 presented a pseudomolecular ion [M—H] at m/z 435 with a MS? fragment ion at
289 from the loss of -146 u, indicating the loss of a rhamnoside moiety; the possibility
of that moiety could correspond to a p-coumaroyl residue can be discarded since no
maximum was observed in the UV spectrum around 310 nm. The rest of MS” fragments
are coherent with (epi)catechin. The elution order of the compound suggested that it
could derive from epicatechin since glycosylated derivatives should elute before their
corresponding aglycones, so that it was tentatively identified as epicatechin-O-
rhamnoside.

Compounds 13, 15, 17, 18, 22 and 23 presented pseudomolecular ions [M-H] at m/z
593 or 563, releasing MS” fragment ions at m/z at 473 and/or 443 from the loss of 90

and 120 u, characteristic of C-glycosylated flavones. The loss of -120 u is typical of C-
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attached hexoses, whereas that of -90 u is observed for C-attached pentoses and it is
also usual in the case of 6-C-hexoses but less common in the case of 8-C-hexoses
(Cuyckens and Claeys, 2004). The compounds were tentatively identified as apigenin
glycosides owing to the observation of the ions at m/z 383 and 353 that might
correspond to the aglycone plus residues of the sugars that remained linked to it
(apigenin + 113 u) and (apigenin + 83 u), respectively (Ferreres et al., 2003). The fact
that no relevant fragments derived from the loss of hexosyl (-162 u) or pentosyl
moieties (-132 u) were detected suggested that sugars were not O-attached. These
observations allowed the tentative identification of these compounds as apigenin-di-C-
hexoside (compound 13) and apigenin-C-hexoside-C-pentoside (compounds 15, 17, 18,
22 and 23). Schaftoside (apigenin-6-C-B-D-glucopyranoside-8-C-a-L-
arabinopyranoside), isoschaftoside (apigenin-6-C-a-L-arabinopyranoside-8-C-f-D-
glucopyranoside) and vicenin-2 (apigenin 6,8-di-C-glucoside) have been previously
reported by Iwashina et al. (2008) in dried aerial parts and fruits of Osyris alba. Thus,
an identity as vicenin-2 could be tentatively assumed for peak 13, although no
assignment as schaftoside/isoschaftoside can be concluded for the other five
compounds.

Peaks 4 and 24 were positively identified as protocatechuic acid and p-coumaric acid,
respectively, according to their retention time, mass and UV-vis characteristics as
compared with commercial standards. Comparison with standards also allowed
identification of peaks 26, 27 and 28 as quercetin-3-O-rutinoside, quercetin-3-O-
glucoside and kaempferol-3-O-rutinoside, respectively, according to their retention
time, mass and UV-vis characteristics by comparison with commercial standards. These
three flavonols have been previously described in another Osyris species, such as Osyris

alba (Iwashina et al., 2008). The pseudomolecular ion of compound 20 ([M-H] at m/z
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755), releasing only one MS” fragment at m/z 301, indicated that it corresponded to a
quercetin derivative bearing two deoxyhexosyl and one hexosyl moieties, and that the
three sugars were linked together. Since no information about the identity and location
of the sugar moieties onto the aglycone could be obtained, the compound was
tentatively assigned as quercetin-O-dideoxyhexosyl-hexoside.

Finally, compound 25 ([M-H] at m/z 433) presented an MS? fragment ion at m/z 271 (-
162 u) indicating the loss of a hexoside moiety from the aglycone, which was identified
as the flavanone naringenin also based on its UV spectrum; thus, it was tentatively
identified as naringenin-O-hexoside.

The ethyl acetate fraction presented the highest concentration in phenolic compounds,
being (+)-catechin the most abundant compound. Aqueous extract and butanolic
fraction presented similar contents of phenolic compounds, being quercetin-3-O-
rutinoside the main molecule present. Moreover, the phenolic profiles of all fractions
and extracts presented similarities in their qualitative composition, although some
differences were observed, especially in the ethyl acetate fraction, where no flavone

derivatives where present.

3.2. Antioxidant activity

To evaluate the antioxidant activity of the samples, four assays normally used in herbs,
beverages and biological fluids were selected. Those assays may be globally classified
as electron-transfer (ET)-based assays (ferric reducing antioxidant power (FRAP) and
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays) and hydrogen atom transfer (HAT)-
based assays (TBARS and 3-carotene bleaching inhibition assays) (Huang et al., 2005).
The antioxidant activity of the crude aqueous extract and its ethyl acetate and butanol

fractions was compared with the antioxidant standard Trolox. For the DPPH assay, the
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ECso value basically represents the required concentration for an antioxidant to reach
50% of DPPH radical scavenging (Chen et al., 2013). Lower ECsy values are related
with higher free radical scavenging activity of an antioxidant (Osman, 2011). The
results for the DPPH assay revealed that all the extracts exhibited greater activity than
Trolox (42 pg/mL), showing the highest activity the ethyl acetate fraction (5 pg/mL)
followed by the butanol fraction (10 pg/mL) and the aqueous extract (12 ng/mL) (Table
2). The DPPH scavenging activity of an ethyl acetate fraction of O. quadripartita was
previously analysed (but performing the assay in a spectrophotometer instead of
microplates reader), being also higher than other aqueous extracts (Rached et al., 2010).
This activity was attributed to plant metabolites such as flavonoids and other phenolic
compounds (Araceli et al., 2003; Kulkarni et al., 2004; Krishnaiah et al., 2011).

The evaluation of the reducing power is based on the presence of reductants in the
extracts that provoke the reduction of Fe’/ferricyanide complex to the ferrous form
(Fe™"). On the other hand, the complex FeCly/K3Fe(CN)s allows the evaluation of the
polyphenols participating in the redox reaction (Chung et al., 2002; Amarowicz et al.,
2004). The FRAP method showed that the ethyl acetate fraction also presented the
highest reducing power (2 pg/mL), followed by the butanol fraction (4 pg/mL) and the
crude aqueous extract (6 pg/mL). Once again, Trolox had lower reducing power than
the tested samples (41 pg/mL) (Table 2).

The B-carotene/linoleic acid bleaching assay is based on the ability of the antioxidant to
reduce the oxidation of linoleic acid and to inhibit the free radicals generated by the
emulsion system like conjugated diene hydroperoxides arisen from linoleic acid
oxidation (Koleva et al., 2002; Tepe et al., 2005). In this assay, the ethyl acetate fraction

also showed the highest inhibition capacity, followed by the butanol fraction and the
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crude extract (3.4, 3.8 and 4.6 pg/mL, respectively; Table 2), presenting a B-carotene
bleaching inhibition higher than Trolox.

The inhibition of formation of thiobarbituric acid (TBA) reactive substances (TBARS
assay), using porcine brain as a real animal tissue, is usually employed as an indicator of
the lipid oxidation process. In this assay, the malondialdehyde (MDA) reacted with
TBA to form a pink MDA-TBA complex that is measured spectrophotometrically at
530-535 nm (Shahidi and Zhong, 2005). The oxidation of lipid peroxides leads to the
formation of alkoxy and peroxy radicals as primary oxidation products, which in turn
produce numerous secondary products such as carbonyl derivatives like MDA, which is
formed as a result of the degradation of polyunsaturated fatty acids (Shahidi and Zhong,
2005). The MDA might produce DNA damage and has been found to be an important
cause of several ageing diseases like cancer (Shinmoto et al., 1992; Liao et al., 2014).
Again, the highest activity in the TBARS assay was exhibited by the ethyl acetate
fraction (1.3 pg/mL), followed by the butanol fraction (1.4 pg/mL) and the aqueous
extract (2 pg/mL), all of them greater than the activity showed by Trolox (23 pg/mL).
The solubility and extraction ability of polyphenols are highly dependent on the solvent,
so that the differences observed in the antioxidant activity of the tested samples could
be related with the use of different extraction solvents that certainly extracted
compounds with different polarity. Actually, Celik et al. (2010) reported the influence
of the solvent and its polarity on the antioxidant behavior of phenolic compounds. In the
same context, Singh et al. (2007) found different antioxidant activity in Acacia
auriculiformis extracts prepared with solvents of increasing or decreasing polarity,
which related to differences in the total phenolic contents and composition.

In our study, the antioxidant activity of the extract and its fractions might be related

with their phenolic composition, which influences their capacity to scavenge free
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radicals and prevent lipid peroxidation (Yanishlieva-Maslarova, 2001; Gardi et al.,
2015). The highest antioxidant activity exhibited by the ethyl acetate fraction could be
related with its highest content in phenolic compounds (504+5 mg/g extract; Table 1),
in particular (+)-catechin, followed by procyanidin dimer B1 (EC-4,8-C). The butanol
fraction showed a phenolic content similar to the aqueous crude extract, and both
presented lower levels of flavan-3-ols than the ethyl acetate fraction, with quercetin-3-

O-rutinoside as the major flavonoid.

3.3. Anti-inflammatory activity

The anti-inflammatory activity of the crude aqueous extract and its ethyl acetate and
butanol fractions was evaluated using lipopolysaccharide (LPS) activated mouse
macrophage RAW 264.7 cells; dexamethasone was used as a known inhibitor of NO
production (positive control). All the samples demonstrated significantly inhibition
percentages with ECsy values ranging between 78 and 211 pg/mL (Table 2). The ethyl
acetate fraction exhibited the highest activity. Several bioactive phytochemical
components, among them phenolic compounds, could be contributing for the mentioned
activity (Middleton and Kandaswami, 1992; Wang et al., 2014). The anti-inflammatory
properties of the major compound present in the ethyl acetate fraction, (+)-catechin,
were described by Marinovic et al. (2015), which gives support to its role in the
bioactivity revealed by that fraction. The anti-inflammatory potential exhibited by the
butanol fraction and aqueous extract could be related with the presence of quercetin and

apigenin glycoside derivatives (Shen et al., 2002; Wang and Huang 2013).

3.4. Cytotoxic properties
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The cytotoxic properties of the aqueous extract of O. quadripartita and its ethyl acetate
and butanol fractions were tested against MCF-7 (breast adenocarcinoma), NCI-H460
(non-small cell lung cancer), HeLa (cervical carcinoma) and HepG2 (hepatocellular
carcinoma) human tumor cell lines, and non-tumor cells (PLP2- porcine liver primary
cells). Ellipticine was used as positive control and all the resultsare shown in Table 3.

HepG2, HeLa and MCF-7 were more susceptible to the tested samples than NCI-H460.
Up to the maximal tested concentrations (Glsp>400 pg/mL), none of the samples
showed toxicity against normal cells (PLP2). The highest inhibitory effects were
observed with the aqueous extract for HepG2 and HeLa cell lines (Glso=46 and 87
pg/mL, respectively). The ethyl acetate fraction presented the highest cytotoxic
properties for MCF-7 and NCI-H460 cell lines (114 and 265 pg/mL, respectively),
which could be related with a higher concentration of favan-3-ols (Table 1), such as
catechin and epicatechin derivatives (Rodgers and Grant, 1998; Delgado et al., 2009;
Haza and Morales, 2011). However, this activity should not be attributed to individual
compounds, but to synergisms among bioactive molecules present in the extract; this is
evident in the aqueous extract which was more effective against cervical (HeLa) and

hepatocellular (HepG2) carcinoma cell lines.

Overall, this study showed that phenolic compounds are present in the aqueous extract
of O. quadripartita, as also in its ethyl acetate and n-butanol fractions. These
preparations revealed antioxidant, anti-inflammatory and cytotoxic properties. The ethyl
acetate fraction displayed the highest bioactivities, which were related to its higher
content in favan-3-ols. Further studies are required in order to establish the mechanism

of action, supporting the use of this plant in pharmaceutic or cosmetic fields.
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Table 1. Retention time (Rt), wavelengths of maximum absorption in the visible region (Amax), mass spectral data, identification and
quantification of phenolic compounds in O. quadripartita leaves (mean + SD).

Quantification
- Pseudomolecular (mg/g)
Compounds Rt (min) (nm) [M_I;(])p (m/2) (1:3 /SZZ) Tentative identification
Aqueous Ethyl acetate ~ Butanolic
extract fraction fraction
1 5.2 278 865 739(5),713(5),695(13),577(17),575(12),425(17),407(30),289(13),287(40) igzﬁfy(egllr);z;"ég‘?ctrfg’rc[Z“ggéiﬁed 2.640.05 3.440.3 5.10.1
2 5.4 280 865 739(9),713(13),695(22),577(30),575(26),425(17),407(39),289(17),287(26) iggﬁfy(e&‘zng’gg‘?g‘réei[Ss‘ugﬁemd 4.0£0.2 3.77+0.01 4.540.1
3 59 280 577 451(23),425(31),407(100),289(62),287(8) Procyanidin dimer B3 (C-4,8-C) 502403  11.32+0.04 2.140.1
4 6.0 260, 296sh 153 109(100) Protocatechuic acid nd 1.5+£0.2 nd
5 6.7 280 577 451(15),425(46),407(100),289(50),287(9) Procyanidin dimer B1 (EC-4,8-C) 11.1£0.2 100.5+0.3 8.70.2
6 6.9 280 865 739(5),713(5),695(16),577(31),575(10),425(15),407(38),289(23),287(15)  B-type (epi)catechin trimer 12.140.4 7441 10.8+0.5
7 7.3 280 865 739(8),713(7),695(20),577(45),575(8),425(20),407(30),289(11),287(25)  B-type (epi)catechin trimer nd nd 6.6+0.2
8 7.8 280 289 245(42),203(36),187(27),161(13),137(28) (+)-Catechin (C) 10.1£0.2 110.540.3 12.840.3
9 8.4 280 577 451(13),425(38),407(100),289(48),287(15) Procyanidin dimer B4 (E-4,8-EC) 5.7+0.1 301 45502
10 9.3 278 435 289(30),271(11),245(6),203(8),161(5),137(100),125(49) Epicatechin-O-rhamnoside 6.840.3 67.140.4 12.740.5
11 10.4 280 577 451(18),425(82),407(91),289(100),287(18) Procyanidin dimer B2 (EC-4,8E-C) 1.18+0.02 21.7£0.2 7.740.2
12 10.9 278 289 245(39),203(30),187(17),161(13),137(17) (-)-Epicatechin (EC) 1.25+0.01 21%1 0.7120.01
13 11.1 338 593 503(12),473(20),383(40),365(8),353(40),325(14),297(12),283(13) Apigenin-6,8-di-C-glucoside (vicenin-2)  0.4+0.01 nd 1.240.3
14 12.5 280 577 451(20),425(18),407(5),289(54) Procyanidin dimer B7 (EC-4,6-C) 1.4+0.05 12.440.3 2.540.1
15 14.1 336 563 545(3),503(13),473(13),443(13),383(22),353(48),297(13) Apigenin-6-C-hexoside-8-C-pentoside 0.3240.01 nd 0.75£0.01
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282, 324sh
358
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865

755

571

563

563

163

433

609

463

593

451(15),425(31),407(92),289(69),287(23)
545(3),503(7),473(7),443(12),383(35),353(30),297(12)
545(3),503(4),473(7),443(20),383(24),353(26),297(5)
739(29),713(5),695(29),577(18),575(29),425(18),407(41),289(29),287(18)
301(100)

451(5),425(18),407(12),289(35),287(12)
545(3),503(6),473(19),443(16),383(12),353(13),297(6)
443(21),383(11),353(12),297(12)

119(100)

271(100)

301(100)

301(100)

285(100)

Procyanidin dimer B8 (C-4,6-EC) nd 9.7+0.5 nd
Apigenin-6-C-hexoside-8-C-pentoside 0.72+0.04 nd 1.87+0.04
Apigenin-6-C-hexoside-8-C-pentoside 0.87+0.01 nd 1.9+0.1
B-type (epi)catechin trimer nd 6.7+0.5 nd
Quercetin-O-dideoxyhexosyl-hexoside 0.50+0.02 nd 1.62+0.01
Procyanidin dimer B5 (EC-4,6-EC) nd 6.9+0.2 nd
Apigenin-6-C-hexoside-8-C-pentoside 0.15+0.01 nd 0.56+0.03
Apigenin-6-C-hexoside-8-C-pentoside 0.20+0.01 nd 0.58+0.02
p-Coumaric acid 0.050+0.001 1.9£0.1 nd
Naringenin-O-hexoside nd 1.10£0.01 nd
Quercetin-3-O-rutinoside 33.8+0.1 17.70+0.02 36.0+0.1
Quercetin-3-O-glucoside 0.14+0.01 0.68+0.01 0.12+0.01
Kaempferol-3-O-rutinoside 1.03+0.07 2.40+0.01 1.90+0.05
Total phenolic acids 0.05+0.001b 3.4+0.3a nd
Total flavan-3-ols 62+2¢ 479+5a 79+2b
Total flavonols 35.48+0.02b  20.78+0.02c  39.67+0.02a
Total flavones 2.7+0.1b nd 6.9+0.1a
Total flavanones nd 1.10£0.01 nd
Total phenolic compounds 100+£2b 504+5a 125+£2b

Catechin (C), epicatechin (EC) and not detected (nd). For the row of the total phenolic compounds different letters mean significant differences between O. quadripartita
extract and fractions (p<0.05).
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Table 2. Antioxidant activity and NO formation inhibition capacity of O. quadripartita leaves.

Aqueous extract ~ Ethyl acetate fraction = Butanolic fraction  Positive control*

Antioxidant activity (ECs values, pg/mL)

DPPH scavenging activity 12.4+0.4° 5.2+0.4° 10.3+0.3° 42+1
Reducing power 6.24+0.03" 2.540.1° 4.4+0.1° 41+1
B-carotene bleaching inhibition 4.6+0.1° 3.4+0.3¢ 3.8+0.1° 18+1
TBARS inhibition 2.1+0.1° 1.28+0.05¢ 1.41+0.01° 23+1

Anti-inflammatory activity (ECsy values, ng/mL)

Nitric oxide (NO) production 211+4° 78+7¢ 194+5° 16+1

*Trolox and dexamethasone for antioxidant and anti-inflammatory activities, respectively. The antioxidant activity was expressed as ECs, values (mean + SD), what means
that higher values correspond to lower reducing power or antioxidant potential. ECsy: extract concentration corresponding to 50% of antioxidant activity or 0.5 of absorbance
in reducing power assay. Results of anti-inflammatory activity are expressed in ECs, values: sample concentration providing 50% of inhibition of nitric oxide (NO)
production. In each row different letters mean significant differences between O. quadripartite extract and fractions (p<0.05).
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Table 3. Cytotoxic properties of O. quadripartita leaves in human tumor cell lines and non-tumor liver primary cells.

Aqueous extract ~ Ethyl acetate fraction = Butanolic fraction Ellipticine
Human tumor cell lines (Glsy values, pg/mL)
MCF-7 (breast carcinoma) 199+10° 114+8° 200+3° 0.91+0.04
NCI-H460 (non-small cell lung cancer) 308+18° 265+14° 356+19° 1.03+0.09
HeLa (cervical carcinoma) 87+9° 154+2° 153+9° 1.91+0.06
HepG2 (hepatocellular carcinoma) 46+1°¢ 146+13° 167+1° 1.14+0.21
Non-tumor cells (GIso values, pg/mL)
PLP2 (porcine liver primary cells) > 400 > 400 > 400 3.22+0.67

Glsj values (mean + SD) correspond to the sample concentration achieving 50% of growth inhibition in human tumor cell lines or in liver primary culture PLP2. In each row
different letters mean significant differences between O. quadripartite extract and fractions (p<0.05).
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Figure 1. Phenolic compounds profile of n O. quadripartite ethyl acetate fraction,
recorded at 280 nm.
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