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The methanolic extract of umbu (Spondias tuberosa) presented high antioxidant activities
in the DPPH, ABTS and ORAC assays, as well as acetylcholinesterase (AChE) inhibition ac-
tivity. The dichloromethane extract exhibited cancer chemopreventive activity, with a quinone
reductase induction in Hepalclc? cells. The localization of the active compounds was per-
formed by HPLC activity-based profiling, and preliminary structural information was obtained
by HPLC-PAD-ESI-MS and UHPLC-TOF-HRMS. The main constituents from the methanolic
extract were efficiently isolated in a single step by preparative MPLC-UV. Two new natural
products were identified, together with five known compounds. The structures of the com-
pounds were elucidated by 2D NMR and ESI-HRMS. The dichloromethane extract was
fractionated by SPE and by semi-preparative HPLC-UV-ELSD. Using this approach, one anacardic
acid derivative was isolated. However, this compound was not responsible for QR induc-
tion. This study highlights the potential of umbu as an active ingredient for functional food
formulations.
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1. Introduction

In Brazil, a large variety of edible fruits exists since the country
is one of the three largest fruit producers in the world (Maia,
Sousa, Lima, Carvalho, & Figueiredo, 2009). Tropical fruits rep-
resent an original and valuable source of bioactive compounds,
and their consumption is increasing on the national and in-
ternational markets due to growing recognition of their
nutritional and therapeutic value (Steinmetz & Potter, 1996;
Viegas et al., 2007; Zeraik et al., 2011). Nevertheless, fruits con-
sumed on the local Brazilian market are poorly studied for their
chemical constituents, and their biological activities remain
unknown. This is the case of Spondias tuberosa Arr. Camara, a
native fruit popularly known as “umbu”.

S. tuberosa is a tropical Anacardiaceae native to the North-
east of Brazil and plays an important role in the local economy
of people living in the Caatinga ecosystem, since it blooms and
bears fruits during the dry season, making this plant a valu-
able source of income for the local population during this period
(Braga, 2001). The fruit of this species is appreciated in the North
and Northeast of Brazil mainly because of its refreshing and
acidic flavour. It can be consumed fresh, as a juice, ice cream,
sweet, jam or as the traditional “umbuzada” (fruit pulp boiled
with milk and sugar) (Cavalcanti, Resende, & Brito, 2000).

Scientific information on this fruit is scanty. Recent studies
have shown that some Brazilian fruits, including umbu, have
antioxidant potential that can be attributed to the presence
of phenolic compounds in the pulp (Almeida et al., 2011;
Goncalves, Lajolo, & Genovese, 2010; Rufino et al., 2010). Pre-
vious work reported the acetylcholinesterase (AChE) inhibitory
properties of some Brazilian fruits by autobiography, and showed
an activity in the umbu seeds (Omena et al., 2012). Vitamins
and minerals have also been identified in the pulp (Narain, Bora,
Holschuh, & Vasconcelos, 1992). Recently, 37 volatile com-
pounds found in ripe umbu fruit pulp have been described
(Galvao, Narain, dos Santos, & Nunes, 2011). However, no phy-
tochemical study has been performed on the polar compounds
present in the fruit pulp. The present study describes the iso-
lation and structure elucidation of all major polar constituents
from the methanolic and dichloromethane extracts found in
the umbu fruit. This led to the identification of compounds re-
sponsible for the AChE inhibition, antioxidant and cancer
chemopreventive activities of the extracts. Eight compounds
were identified and two of them are new natural products.

2. Materials and methods
2.1.  General experimental procedures

Optical rotations were measured in a methanolic solution on
a Perkin-Elmer 241 polarimeter (Perkin-Elmer, Waltham, MA,
USA), using one decimeter tube. UV spectra were measured on
a Perkin-Elmer Lambda 20 spectrophotometer (Perkin-Elmer,
Waltham, MA, USA). NMR spectroscopic data were recorded on
a 500 MHz Varian Inova spectrometer (Varian, Palo Alto, CA,
USA). Chemical shifts are reported in parts per million () using
the residual DMSO-ds signal (6y 2.50; & 39.5) as internal stan-
dards for 'H and *C NMR, and coupling constants (]) are reported

in Hz. Complete assignment was performed based on 2D ex-
periments (COSY, NOESY, edited-HSQC and HMBC). ESI-HRMS
data were obtained on a Micromass LCT Premier time-of-
flight (TOF) mass spectrometer from Waters with an electrospray
ionization (ESI) interface (Waters, Milford, MA, USA). Analyti-
cal HPLC was performed using an HP 1100 system equipped
with a photodiode array detector (Agilent Technologies, Santa
Clara, CA, USA). Preparative medium pressure liquid chroma-
tography (MPLC) was performed using a modular Buchi MPLC
system (Flawil, Switzerland) equipped with 681 pump module
C-615, UV-Vis Detector module C-640 and fraction collector
module C-660 (Buchi, Flawil, Switzerland). The column
(460 x 70 mm i.d.) was loaded with ZEOprep® Cis as the sta-
tionary phase (ZEOprep® Cyg, 15-25 um, Zeochem, Uetikon am
See, Switzerland). Semi-preparative HPLC was performed using
a Shimadzu LC-8A pump (Shimadzu, Columbia, MD, USA)
equipped with a UV detector using an X-Bridge C;s column
(150 x 21 mm i.d.; 5 um) (Waters, Milford, MA, USA). HPLC-
microfractionation was performed with an Armen modular spot
prep II (Saint-Avé, France) with an X-Bridge RP C;3 column
(250 x 10 mm, i.d.; 5 um) (Waters, Milford, MA, USA).

2.2. Plant material

S. tuberosa Arr. Camara (Anacardiaceae) fruits were collected
in Jodo Pessoa, Paraiba, Brazil, in January 2012 by Prof. Marcal
de Queiroz Paulo from the Federal University of Paraiba (UFPB).
A voucher specimen was deposited at the School of Pharma-
ceutical Sciences, Phytochemistry and Bioactive Natural
Products Research Unit, University of Geneva (n° 2015.001).

2.3. Extraction

The umbu pulp was separated from the seed and homog-
enized with a mixer. After this step, the pulp was frozen and
lyophilised. The powdered pulp was exhaustively extracted by
maceration with hexane, followed by dichloromethane and
methanol. The dry extracts were obtained after removing the
solvent by evaporation under reduced pressure at 40 °C.

2.4.  HPLC-UV/PDA-MS analysis

The HPLC-UV/PDA analyses were carried out on an HP 1100
system connected to a photodiode array detector (Agilent Tech-
nologies, Santa Clara, CA, USA). The separation was performed
using an X-Bridge C;s column as the stationary phase
(250 x 4.6 mm i.d.; 5.0 um) supplied by Waters, Milford, MA, USA,
preceded by a guard column (20 x 4.0 mm i.d.; 5.0 um), con-
taining the same stationary phase. The solvent system used
was a mixture of H,0 (A) and MeOH (B) both with 0.1% formic
acid, gradient mode 5 to 100% of B in 60 min, with linear gra-
dient. The samples (10 ug/mL) were injected automatically
(20 uL), with a flow rate of 1 mL/min. The chromatogram was
monitored simultaneously at 254, 280 and 366 nm and UV
spectra of individual peaks were recorded in the range of
200-400 nm. LC-PDA-MS data were obtained with an Agilent
1100 series system consisting of an auto sampler, high-
pressure mixing pump and PAD detector connected to a
Finnigan MAT LCQ ion trap mass spectrometer equipped with
a Finnigan ESI. The LC effluent was split using a T-splitter to
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produce a flow of 0.2 mL/min. ESI-MS conditions: capillary
voltage 30V, capillary temperature 200 °C, source voltage 4.5 kV,
source current 80 UA, nitrogen as sheath gas flow, negative ion
mode.

2.5. HPLC-TOF-HRMS analyses

High resolution mass spectrometry (HRMS) metabolite profil-
ing of the extracts was performed on a Micromass-LCT Premier
Time of Flight (TOF) mass spectrometer (Waters, Milford, MA,
USA) equipped with an electrospray interface and coupled to
an Acquity UPLC system (Waters, Milford, MA, USA). The ESI
conditions were as follows: capillary voltage 2800 V, cone voltage
40 V, MCP detector voltage 2400 V, source temperature 120 °C,
desolvation temperature 350 °C, cone gas flow 20 L/h, and
desolvation gas flow 800 L/h. Detection was performed in posi-
tive ion mode (PI) with a m/z range of 100-1000 uma and a scan
time of 0.5 s in the W-mode. The MS was calibrated using
sodium formate. Leucine-enkephalin (Sigma-Aldrich, Steinheim,
Germany) was used as an internal reference at 2 ug/mL and
infused through a Lock Spray™ probe at a flow rate of 10 uL/min
with the help of a second LC pump. The separation was per-
formed on a BEH C;s UPLC column (50 x 2.1 mm i.d.; 1.7 um,
Waters). The solvent system used was (A) MeCN containing
0.01% formic acid and (B) H,O containing 0.01% formic acid;
step gradient: 5 to 36% B in 1 min, then 36% B to 36% B in 2 min,
36% B to 95% B in 1.5 min; flow rate 1.1 mL/min). The tem-
perature was set to 40 °C. The injected volume was kept
constant (1 uL).

2.6. Semi-preparative HPLC-UV microfractionation of the
methanolic crude extract

The microfractionation of the methanolic extract of umbu pulp
was performed with an Armen modular Spot Prep II system
(Saint-Avé, France), with an X-Bridge Cis column (250 x 10 mm,
i.d., 5 um, Waters). The solvent system used was a mixture of
H,0 (A) and MeOH (B) both with 0.1% formic acid, gradient mode
5 to 100% of B in 60 min, with linear gradient. The flow rate
was 2 mL/min and the injection volume was 200 L (10 mg of
the extract). To localize the biological activity and to generate
enough material, fractions were collected every 10 mL. After
collection, each fraction was concentrated using a rotary evapo-
rator and then dried using N,. The separation yielded 10
fractions; these were analysed by HPLC-PAD under the same
conditions used for the fruit extract analysis. Each fraction was
evaluated for antioxidant activity and AChE inhibition.

2.7. Solid phase extraction (SPE) fractionation of
dichloromethane crude extract

The fractionation of the dichloromethane extract of umbu pulp
was performed with an SPE system, with C;s column. The
solvent system used was a mixture of H,0 (A) and MeOH (B),
in the following ratios: 20:80, 40:60, 60:40, 80:20, 100:0. The flow
rate was 1 mL/min and the injection volume was 5 mL. The
separation yielded 5 fractions, which were analysed by HPLC-
UV/PAD under the same conditions used for the fruit extract
analysis. Each fraction was evaluated for the induction of
quinone reductase to localize the active region.

2.8. Isolation of compounds present in the methanolic
and dichloromethane extracts

The methanolic extract was fractionated (1.8 g) using a modular
MPLC system equipped with 681 pump module C-615, UV-
Vis detector module C-640, fraction collector module C-660
(Buchi, Flawil, Switzerland), and a column loaded with ZEOprep®
Cys as the stationary (460 mm x 70 mm i.d.; 25 um) (Zeochem,
Uetikon am See, Switzerland). The mobile phase used was
MeOH and H,0O containing 0.1% formic acid, with optimized
elution gradient mode 5 to 30% of B in 8.5 h, isocratic step of
30% of B during 11.9 h, 30 to 80% in 43.8 h. Flow rate was
4.0 mL/min, and the UV absorbance was detected at 254 nm.
The MPLC yielded 250 fractions. Each 250 MPLC fraction was
profiled with high throughput UHPLC-TOF-MS. The fractions
were grouped according to the UV and TIC MS profiles.
Fraction 23 yielded 1 (6.0 mg), fractions 25-27 yielded a
mixture of 2 and 3 (13.7 mg), fractions 29-31 yielded 4
(26.0 mg), fractions 4449 yielded 5 (350.4 mg), fractions 72—
73 yielded 6 (13.8 mg) and fractions 180-181 yielded 7 (7.4 mg)
(Fig. 1).

The dichloromethane extract was fractionated (100 mg) using
a semi-preparative HPLC-UV-ELSD Armen modular Spot Prep
11, with a normal phase column loaded with silica gel as the
stationary phase (460 mm x 70 mm i.d.; 25 um). The mobile
phase used was hexane (A) and ethyl acetate (B), with opti-
mized elution gradient mode: 2 to 5% of B in 10 min, 5 to 10%
of B in 25 min, 10% of B for 30 min, 10-15% of B in 40 min, 15
to 60% of B in 70 min. Flow rate was 5.0 mL/min, injection
volume was 10 mL, and the UV absorbance was detected at
254 nm. To localize the biologically active compounds, the frac-
tions were collected every 10 mL. The HPLC-UV-ELSD yielded
40 fractions. Fractions 9-10 yielded an anacardic acid deriva-
tive (8) (Fig. 1).
2.8.1. Compound identification
2.8.1.1. Compound 1. Amorphous powder; [o]p® 17.5 (c=0.1,
MeOH); UV (MeOH) Amax (l0g €) nm: 274 (1.04). 'H NMR (DMSO-
ds, 500 MHz) § 2.52 (2H, t, J = 7.8 Hz; H-7), 3.16 (1H, m, H-4),
3.24-3.28 (3H, m, H-2, 3/, 5), 3.48 (1H, m, H-6'a), 3.51 (2H, t,
] =7.8 Hz; H-8), 3.69 (1H, m, H-6'b), 4.57 (1H, d,] = 6.5 Hz, H-1'),
6.33 (1H, d,] = 2.0 Hz, H-6), 6.45 (1H, d, ] = 2.0 Hz, H-2); *C NMR
(DMSO-ds, 125 MHz) §38.8 (C-7), 62.4 (C-8), 60.8 (C-6), 69.8 (C-
4),73.4 (C-2)),75.9 (C-3), 77.2 (C-5'), 102.8 (C-1), 108.5 (C-2), 111.1
(C-6), 129.3(C-1), 133.2 (C-4), 145.4 (C-5), 145.9 (C-3); LC-ESI-
MS" m/z 331.06 [M-HJ, 169.03 [M-H-162]". ESI-HRMS m/z: 331.0973
[M-H] (caled for C14H»00s, 332.1107, A ppm = 4).

2.8.1.2. Compound 4. Amorphous powder; [0]p* 20.4 (c=0.1,
MeOH); UV (MeOH) Amax (log €) nm: 258 (sh) (1.44), 294 (1.04);
'H NMR (DMSO-ds, 500 MHz) § 3.20-3.24 (2H, m, H-3’, 4), 3.25
(1H, m, H-2), 3.29 (1H, m H-5), 3.51 (1H, dd, ] = 11.5, 3.8 Hz, H-6'b),
3.65 (1H, d, J = 11.5 Hz, H-6"a), 3.75 (3H, s, OCHs), 4.87 (1H, d,
J=7.3Hz, H-1),7.12 (1H, s, H-2), 7.15 (1H, s, H-6); °C NMR (DMSO-
ds, 125 MHz) 860.1 (OCHs), 60.5 (C-6), 69.5 (C-4), 73.4 (C-2'), 76.7
(C-5%), 77.0 (C-3'), 101.2 (C-1"), 108.3 (C-2), 111.5 (C-6), 139.6 (C-
4),149.9 (C-5), 150.4 (C-3), 168.5 (C-7);LC-ESI-MS® m/z 345.0 [M-
HJ, 183.0 [M-H-162] ; ESI-HRMS m/z: 345.0997 [M-H]" (calcd for
C14H1301o, 3460900, A ppm = 28)
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Fig. 1 - Structures of the isolated compounds from the pulp of Spondias tuberosa.

2.9.  Enzymatic hydrolysis

Hydrolysis was performed on 1 and 4 to determine the nature
of the hexose (Polasek et al., 2013). The reaction was carried
out on 0.5 mg of compound 1 or 4, once with 28 units of
B-glucosidase from almonds and once with 28 units of
B-galactosidase from Escherichia coli, both supplied by Sigma-
Aldrich Chemical Co. The samples were dissolved in 5.0 mL
of acetate buffer (pH =5) and incubated under agitation at
37 °C for 48 h. The products of hydrolysis were then com-
pared on a TLC plate with compounds 1 and 4. TLC eluent:
CHCl;—MeOH.—H,0 (65:35:5). TLC support: Merck silica gel 60
F254 aluminium. Detection on UV, £ = 254 nm.

2.10. Biological assays
2.10.1. Antioxidant activity assays

2.10.1.1. DPPH’ scavenging capacity assay. The radical scav-
enging capacity of the compounds isolated from the methanolic
extract and of the positive control (quercetin) was evaluated
from their ability to reduce the radical 2,2-diphenyl-1-
picrylhydrazyl (DPPH®). The DPPH' assay was carried out
according to the procedure described by Brandwilliams, Cuvelier,
and Berset (1995) with some modifications (Ancerewicz et al.,
1998). An aliquot of 250 uL of DPPH" ethanolic solution
(1 x 10*mol/L) was added to 35 L of compounds 1-7 at various
concentrations (72.00-1.12 mg/mL, in ethanol). The same
procedure was carried out with ethanolic solutions of quer-
cetin. The decrease in absorbance of the resultant solution at
515 nm was monitored at 1 min intervals for 90 min, using a
microplate spectrophotometer (Synergy 2 Multi-Mode, BioTek,
USA). The microplate was automatically shaken prior to each
reading. The ethanolic solution of DPPH" (250 uL; 1 x 10~ mol/L)

was used as control. The percentage of scavenged DPPH’
was calculated using the absorbance value after 90 min, with
the following equation: % DPPH® scavenging = [Abssisnm
(control) — AbSsisnm (sample)/AbSsisnm (control)] x 100. The radical
scavenging capacity was expressed in terms of ECs, (amount
of antioxidant necessary to decrease the initial concentra-
tion of DPPH* by 50%). The ECs, was calculated graphically
using an analytical curve in the linear range by plotting the
isolated compounds vs. the corresponding scavenging effect
(DPPH® scavenging %). Three independent experiments were
performed in triplicate.

2.10.1.2. ABTS™ scavenging capacity assay. The ABTS (2,20-
azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) assay was
based on a method described by Re et al. (1999) with minor
modifications. ABTS was dissolved in water to obtain a
10 mmol/L stock solution. ABTS radical cation (ABTS™) was pro-
duced by reacting 1 mL of ABTS** stock solution with 430 uL
of potassium persulphate (8.17 mmol/L). The mixture was
shaken and kept in the dark at room temperature for 16 h. This
solution was diluted with water 60 times for the assay. Then,
250 uL of diluted ABTS™ solution was added to 35 uL of com-
pounds 1-7 at various concentrations (36.00-0.56 mg/mL, in
ethanol) in 96-well plates. The absorbance at 755 nm was re-
corded at 1 min intervals for 90 min, using a microplate
spectrophotometer (Synergy 2 Multi-Mode). The microplate
was automatically shaken prior to each reading. The diluted
ABTS** solution was used as control. The percentage
of scavenged ABTS was calculated as follows: % ABTS** scav-
enging = [AbS7ssnm (control) — Abs;ssnm (sample)/Abssssnm
(control)] x 100. The ABTS"* scavenging capacity of the stan-
dard and compounds 1-7 was expressed in terms of ECs.
Quercetin was used as positive control. Three independent ex-
periments were performed in triplicate.
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2.10.1.3. Oxygen radical absorbance capacity (ORAC) assay. The
ORAC method reported by Huang, Ou, Hampsch-Woodill,
Flanagan, and Prior (2002) with some modifications was used
to evaluate the antioxidant capacity of compounds 1-7. AAPH
(2,2’-azobis-(2-amidinopropane) dihydrochloride) reagent so-
lution (88 mmol/L) was prepared in glycine buffer (pH 8.3). A
fluorescein stock solution (1 x 10*mol/L) was made in glycine
buffer (pH 8.3) and kept at 4 °C in the dark. A fresh fluores-
cein working solution (6.45 x 10 mol/L) was made daily by
further diluting the stock solution in glycine buffer (pH 8.3).
In black-walled 96-well plates, 186 uL of fluorescein solution
was added to 4 uL of compounds 1-7 at various concentra-
tions (2.50-0.08 mg/mL, in glycine buffer, pH 8.3). The plate was
covered with a lid and incubated under shaking for 15 min at
40 °C. After this step, the reaction was initiated with 10 pL of
AAPH solution (88 mmol/L). The reaction was further incu-
bated under shaking for 95 min at 40 °C. After the incubation,
the plate was kept at room temperature during 5 min to cool
down, and the fluorescence was measured on a microplate
reader (Synergy HT multidetection microplate reader, BioTek),
set with an excitation filter at 485 nm and an emission filter
at 528 nm. Final fluorescence measurements were expressed
relative to the control reading. For control assays, the tested
compounds were replaced by a corresponding volume of glycine
buffer (pH 8.3) under identical conditions (value considered to
be 100%). The oxygen radical absorbance capacity of 1-7 was
expressed in terms of ECso. Quercetin was used as positive
control. Three independent experiments were performed in
triplicate.

2.10.2. Acetylcholinesterase activity assay

The AChE inhibitory activity of compounds 1-7 was evalu-
ated using the method of Ellman (Ellman, Courtney, Andres,
& Featherstone, 1961) with some modification (Di Giovanni et al.,
2008). This method is based on the amount of thiocholine re-
leased when the enzyme AChE hydrolyses the substrate
acetylthiocholine iodide (ATCI). The product thiocholine reacts
with Ellman’s reagent (5,5-bisdithionitrobenzoic acid-DTNB) to
produce a yellow compound (5-thio-2-nitrobenzoate), which can
be detected at 412 nm (Houghton, Ren, & Howes, 2006). Four-
teen microlitres of compounds 1-7 (final concentrations ranging
from 40.00 to 0.04 umol/L) were added to 10 uL substrate in
water (final concentration of 0.44 mmol/L) and 106 pL Ellman’s
reagent (0.15 mol/L in 0.1 mol/L phosphate buffer pH 7.4) in a
96-well plate. Then, an aliquot of 10 pL AChE solution from Elec-
trophorus electricus (Sigma-Aldrich Chemical, St. Louis, MO, USA)
1.0 U/mL in 0.1 mol/L phosphate buffer pH 7.4, containing
human serum albumin at 1 mg/mL was added to initiate the
enzymatic reaction. The absorbance of the product was mea-
sured at 412 nm after 6 min incubation using a microplate
reader (PowerWaveX, BioTek). Stock solutions of tested com-
pounds and positive controls (tacrine and galantamine) were
prepared in DMSO and diluted in phosphate buffer pH 7.4, re-
sulting in a final concentration of 1% DMSO in each well. Three
independent experiments were performed in triplicate. For
control assays (blanks), the tested compounds were replaced
by the corresponding volume of DMSO, under identical con-
ditions (value considered to be 100%). The percent inhibition
was calculated using the formula: % AChE inhibition = [Abssonm
(control) — AbSs1onm (sample)/Absaionm (control)] x 100. The 50%

inhibitory concentration (ICso) was calculated graphically from
a dose-response curve constructed with at least 6 different
concentrations and obtained by plotting the percentage of in-
hibition versus concentration using the GraphPad Prism 5.0
software. Three independent experiments were performed in
triplicate.

2.10.3. Cancer chemopreventive activity assay

2.10.3.1. Cell culture conditions. Hepalclc7 cells (American Type
Culture Collection (ATCC), Rockville, MD) were cultured in
o-modified Minimum Essential Medium containing 2 mM glu-
tamine (Life Technologies, Zug, Switzerland), supplemented with
10% foetal calf serum, penicillin G (100 U/mL) and streptomy-
cin (100 pg/mlL) at 37 °C in a humidified atmosphere of 5% CO,
in air, according to ATCC recommendations.

2.10.3.2. Induction of quinone reductase (QR) activity. Hepalclc7
cells were plated in 96-well microtitre plates at a density of
2000 cells/well in 100 pL of medium for 24 h. The medium was
replaced by 200 pL of medium containing test compounds and
then incubation continued for an additional 48 h. Control
samples were composed of medium with the same concen-
trations of DMSO (0.5%) and the absence of test compounds.
QR activity was measured as described by Kang and Pezzuto
(2004). Cells were lysed and the NADPH-dependent menadiol-
mediated reduction of 3-(4,5-dimethylthiazo-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) to the corresponding
blue formazan was measured on a ELx808 microplate spec-
trophotometer (BioTek) at 595 nm. In parallel, the amount of
viable cells was determined by protein quantification using
crystal violet staining and measurement of the absorption at
595 nm.

3. Results and discussion
3.1 Phytochemical analyses of the methanolic extract of
the umbu pulp

In the frame of a screening of various fruit extracts, signifi-
cant antioxidant and AChE inhibitory properties were recorded
for the methanolic extract of the umbu pulp. High antioxi-
dant activities were measured in the DPPH* (89%), ABTS"* (97%)
and ORAC (64%) assays at 40 ug/mL. At the same concentra-
tion, the extract inhibited 61% AChE activity. To localize the
compounds responsible for the AChE inhibition, the crude
extract was microfractionated by reversed phase semi-
preparative HPLC in ten main fractions. The AChE inhibition
was associated with fractions 2 and 5, while all of the other
fractions were inactive (Fig. 2A). Dereplication of the active com-
pounds by HPLC-PAD-ESI-MS and UHPLC-TOF-MS (Fig. 2)
revealed that all UV active metabolites were polyphenol de-
rivatives (Alonso-Salces et al., 2004; Arapitsas, 2012). However,
the UV and MS data were not sufficient for their unambigu-
ous identification. The extract was fractionated at large scale
using reversed phase MPLC-UV for a complete identification
of these compounds and for a detailed assessment of their bio-
logical activities.
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Fig. 2 - HPLC-UV/PAD-ESI-MS (negative mode) analysis of the methanolic (A) and dichloromethane (B) extracts of the pulp of
Spondias tuberosa. Zones with AChE inhibition and QR induction are highlighted.

3.2.  Isolation of the active compounds from the
methanolic extract by MPLC-UV

To achieve efficient one step MPLC-UV isolation, the separa-
tion conditions were optimized at the analytical level using
HPLC-UV/PAD with a reversed phase column packed with
the same stationary phase as the MPLC (Cys Zeoprep®). These
analytical gradient elution conditions were geometrically trans-
ferred to MPLC-UV by chromatographic calculations (Challal
et al,, 2015). Based on the column geometry chosen, 1.8 g of
the umbu methanolic extract was fractioned at once. A total
of 250 MPLC fractions were obtained. Aliquots were used for
post-chromatographic MS detection and profiled with high
throughput UHPLC-TOF-MS. This procedure yielded seven
pure compounds in a single step. The structure elucidation of
the compounds was performed based on 2D NMR and HR-
MS analyses. They were identified as gallic acid (2) (Mammela,
Savolainen, Lindroos, Kangas, & Vartiainen, 2000), isotachioside

(3) (Choi et al., 2013), 4-methoxyl-5-hydroxymethyl 3-O-$-D-
glucopyranoside benzoic acid (5) (Ding et al., 2010), 3,5-
dihydroxy-4-methoxy benzoic acid methyl ester (6) (Arisawa
et al., 1991), and eriodictyol 7-O-methylether 3’-O-p-D-
glucopyranoside (7) (Wada et al., 1986) (Fig. 1). Among the known
compounds, the MPLC separation afforded two new natural
products (1 and 4).

Compound 1 was isolated as a brown amorphous solid
powder. ESI-HRMS showed a molecular ion at m/z 331.0973 [M-
HJ, which is in agreement with the molecular formula Cy4H;50,
(cale. for C1aHy00s, 332.1107). The 'H NMR spectrum displayed
two signals at 6y 6.33 (1H, d, ] =2.0 Hz, H-6) and 6.45 (1H, d,
J=2.0 Hz, H-2) corresponding to two meta aromatic protons, two
signals at &; 2.52 (2H, t,] = 7.8 Hz, H-7) and 3.51 (2H, t,] = 7.8 Hz,
H-8) assigned to two methylene groups and a doublet at &y 4.57
(1H, d,] = 6.5 Hz, H-1") together with six others proton signals
between &y 3.24 and 3.48 suggesting the presence of a sugar
moiety. This was confirmed by the MS/MS spectrum which
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displayed a fragment ion at m/z 169.03 [M-H-162]* correspond-
ing to the loss of one hexose. The carbon chemical shift of the
methylene at &y 3.51 (& 62.4) indicated the presence of a ter-
minal hydroxyl group in the ethyl chain. The HMBC correlations
between the methylene protons at &y 2.52 and the carbons at
éc 129.3 (C-1), 108.5 (C-2) and 111.1 (C-6) indicated the attach-
ment of the ethyl chain to the phenyl ring. Three oxygenated
aromatic carbons at & 133.2, 145.4 and 145.9 were detected in
the HMBC spectrum via the correlations with the aromatic
protons at 8y 6.33 and 6.45. Finally, the correlation between the
anomeric proton at 8y 4.57 (H-1') and the carbon at & 145.9 (C-
3) proved that the sugar was attached to C-3. This was
also confirmed by the NOE correlation between H-2 and
H-1". To identify the hexose moiety, two different enzymatic
hydrolyses were undertaken using B-D-glucosidase and
B-D-galactosidase, and the products were analysed by TLC
(Polasek et al., 2013). The enzymatic hydrolysis only occurred
with the pB-D-glucosidase and confirmed the presence of a §-D-
glucose. Based on these results, 1 was identified as 3,4-
dihydroxyphenylethanol-5-B-D-glucose, which is a new
phenylethanol derivative.

Compound 4 was isolated as a brown amorphous solid
powder. The ESI-HRMS spectrum showed a molecular ion at
m/z 345.0997 [M-H]", which is in agreement with the molecu-
lar formula C14H17040 (calc. for C14Hi5010, 346.0900). The '"H NMR
spectrum displayed signals of two broad singlets at &y 7.12 (H-
6) and 7.15 (H-2) assigned to two aromatic protons, and one
singlet at &y 3.75 assigned to a methoxyl group. As for 1, the
presence of a sugar moiety was suggested by the doublet at
6:4.87 (1H, d,] = 7.3 Hz, H-1'), a series of proton signals between
&4 3.20 and 3.65, and the neutral loss of 162 in MS/MS. In HMBC,
the correlations between the two aromatic protons (H-2/6) and
three oxygenated aromatic carbons at & 139.6 (C-4), 149.9 (C-
5) and 150.4 (C-3), as well as a carbon at & 168.5 suggested the
presence of an acid group attached to the phenolic ring in po-
sition C-1. As for 1, the presence of a B-p-glucose was confirmed
by the enzymatic hydrolyses. The attachment of the sugar
moiety at C-3 was proven by the HMBC correlation between
the anomeric protons at d; 4.87 and the carbon signal at & 150.3,
as well as from the NOE between H-1’ and H-2. The methoxyl
group was positioned at C-4 (6 139.6) based on the HMBC cor-
relations from this carbon to the methoxyl and the two aromatic
protons H-2 and H-6 (64 7.12 and 7.15, respectively), and from
the lack of NOESY correlation between the methoxyl signal and
H-2/H-6. Based on these results, 4 was identified as 5-hydroxyl,
4-methoxy-3-0-B-D-glucose benzoic acid, which is a new
benzoic acid derivative.

3.3. Phytochemical analysis of the dichloromethane
extract of the umbu pulp

The dichloromethane extract exhibited significant quinone re-
ductase induction with an induction ratio (IR) of 2.8 at 20 ug/mL
in Hepalclc? cells (Table 1). Furthermore, the viability of these
cells was 78.6%, proving that the extract showed very little cy-
totoxicity at that concentration. The methanolic extract was
also tested in Hepalclc7 cells but no QR induction and a very
low toxicity were observed (Table 1). In our search for novel
plant-derived cancer chemopreventive agents, QR has been used
as a biomarker of activity (Cuendet, Oteham, Moon, & Pezzuto,

Table 1 - QR inducing activity of extracts, fractions and
isolated compounds.

Sample IR® at % cell viability
20 pg/mL at 20 ug/mL
Dichloromethane extract 2.8 78.6
Methanolic extract 1.1 85.0
SPE 20% 1.7 85.5
SPE 40% 1.3 86.3
SPE 60% 29 56.5
SPE 80% 3.2 70.7
SPE 100% 9.1 26.6
Compound 8 14 66.6

@ 4’-Bromoflavone was used as positive control with a concentra-
tion that doubles the activity (CD) of 15.0 nM.
b IR, induction ratio.

2006; Giacomelli et al., 2013); many studies have shown that
elevation of phase II enzymes, such as QR correlates with pro-
tection against chemical-induced carcinogenesis in animal
models in the stages of initiation and promotion (Gills et al.,
2006; Song et al., 1999).

To localize the compounds responsible for the cancer
chemopreventive activity of the dichloromethane extract, the
bioactivity-guided fractionation was performed by SPE, with
Cis phase column. The fractionation yielded five main frac-
tions, with the following ratio of MeOH:H,0: 20:80, 40:60, 60:40,
80:20, 100:0. The fraction obtained with a ratio of MeOH:H,0
80:20 was active on QR with low toxicity (Table 1), then this
fraction was selected. Analyses of the active fraction were per-
formed by semi preparative HPLC-UV-ELSD (Fig. 2B) with a
normal phase column to identify the compounds responsible
for the QR induction activity. The HPLC-UV-ELSD yielded 40 frac-
tions. However, due to low yield obtained, only the major peak
localized in fractions 9-10 was isolated and characterized as
the anacardic acid derivative, 2-hydroxy-6-(10Z)-10-pentadecen-
1-yl-benzoic acid (8) (Kubo et al., 1987). The concentration
needed to double the QR inducing activity of compound 8 was
evaluated at 20 pg/mL (57.9 uM), but no activity and no toxic-
ity were observed (Table 1).

3.4. Antioxidant and acetylcholinesterase inhibitory
activity of the isolated compounds

The antioxidant properties of the isolated compounds were
evaluated by various methods (DPPH’, ABTS™ and ORAC assays)
to reflect multifunctional properties in both physiologically and
food-related oxidative processes (Muller, Frohlich, & Bohm,
2011). The DPPH" assay is based on the transfer of a hydrogen
atom and an electron (ET), wherein DPPH" itself reacts as a
radical and a probe (Brandwilliams et al., 1995). The reaction
mechanisms present in the ABTS™ assay is based only on ET
(Huang et al., 2002). The ORAC assay represents a typical hy-
drogen atom transfer based method, since it uses a competitive
reaction scheme between antioxidants and fluorescence probe
(fluorescein) for a radical, usually peroxyl radical generated by
AAPH. In the DPPH* and ABTS" assays, the capability of each
compound to scavenge an initial amount of radicals was evalu-
ated measuring the absorbance of a solution 90 minutes after
reaction and the ECs, values were determined (Table 2). Because
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Table 2 - Evaluation of antioxidant and AChE activities

of isolated compounds from umbu pulp.

Compounds ECso ICso
(wmol/L)? (umol/L)?
DPPH" ABTS™ ORAC AChE

1 16.08 + 0.25 522+041 19+0.1 >40.00

2 3.51+£0.33 1.13+£0.80 2.9+0.2 11.53+0.59

4 18.69 £ 0.32 9.58+0.32 5.9+0.2 >40.00

5 12.75 + 0.40 3.83+£040 49+£0.2 12.65+0.65

6 9.65+0.21 7.55+040 3.4+0.2 >40.00

7 23.66+0.21 12.66+0.40 4.8+0.1 >40.00

Quercetin® 3.49+£0.23 297+£040 4.1+0.1 n.t

Tacrine® n.t. n.t. n.t. 0.09 +0.02

Galantamine® n.t. n.t. n.t. 2.40 £0.25

@ The values shown are the means * standard deviations obtained
from three independent experiments.

b Positive control for the antioxidant activity.

¢ Positive control for the AChE activity.

n.t.: not tested.

2 could not be separated from 3, but was clearly identified as
gallic acid, a commercially available sample was used in the
bioassays. Nevertheless, the fraction containing compounds 2
and 3 was also tested and presented high antioxidant capac-
ity (ECso < 10 umol/L).

Each compound tested (1, 2, 4, 5, 6, 7) showed high anti-
oxidant capacity, as indicated by the DPPH®, ABTS** and ORAC
methods (Table 2). Gallic acid showed the highest DPPH* and
ABTS™ scavenging capacity among the compounds tested.
Several studies reported the antioxidant proprieties of gallic
acid and structure-activity relationship studies with this com-
pound; the authors attributed the antioxidant activity of gallic
acid to the inductive effect of the three hydroxyl groups.

The presence of functional groups on the aromatic ring as
displayed by 1-7 modulates the DPPH* and ABTS" reducing ac-
tivities. The incorporation of carbonyl functions to the ring has
a profound suppressive effect on the ECs, value. The carbonyl
oxygen atom presents an electron-withdrawing effect and
reduces the unpaired electron density in the conjugated
systems, which leads to a higher energy of the intermediate
and transition states for the reactions with radicals (Muller et al.,
2011). Besides, another factor that increases substantially the
antioxidant potency is the number of free hydroxyl groups
present on the aromatic ring. These findings suggest that 1-7
are able to scavenge radicals, by either hydrogen or electron
donating mechanisms, and can therefore act as primary
antioxidants.

The capacity of compounds 1-7 to prevent the oxidative
effects of radicals generated by AAPH on fluorescein was de-
termined by the ORAC assay. One benefit of using the ORAC
method is that it takes into account samples with and without
lag phases of their antioxidant capacities. Because of this, the
ORAC assay is often used for the determination of the anti-
oxidant capacity of food extracts (that contain complex
ingredients), combining both the inhibition time and the degree
of inhibition (Cao, Alessio, & Cutler, 1993; Huang et al., 2002).
Results are presented in Table 2.

Compound 1 showed the highest antioxidant activity in the
ORAC assay, with ECso values 2-fold higher than the standard
quercetin. It was followed by 2>6>7>5> 4.

As recommended by certain research groups, the use of more
than one assay to determine the antioxidant potential of food
extracts or single compounds is necessary, since different
methods, with different mechanisms can yield different results
(Huang, Ou, & Prior, 2005; Muller et al., 2011). Therefore, the
three assays were shown to be complementary for character-
izing the antioxidant property of the isolated compounds from
umbu pulp.

The antioxidant values observed in the umbu extract are in
the same range as those reported for some Brazilian tropical fruits
such as passion fruit (Zeraik et al., 2011). However, the umbu
extract presented a higher activity than some classical antioxi-
dant extracts, such as pomegranate juice and hawthorn berries
(Borges, Mullen, & Crozier, 2010; Tadic et al., 2008).

Each purified compound was also tested in the AChE assay
(Table 2). As expected from the preliminary microfractionation
results (Fig. 2), gallic acid (2) and compound 5 showed high AChE
inhibition, with ICs, values lower than 13 umol/L. On the other
hand 1, 4, 6 and 7 showed no significant inhibitory effect. Pre-
vious studies indicated that gallic acid (2), previously identified
in the umbu pulp, was a potent AChE inhibitor (Kulisic-Bilusic
et al., 2008). To date, AChE inhibitors are still the best avail-
able option for the treatment of Alzheimer’s patients, although
currently used cholinesterase inhibitors, such as tacrine, produce
side effects (Mukherjee, Kumar, Mal, & Houghton, 2007). En-
zymatic inhibitors presenting antioxidant properties are
promising in the case of neurodegenerative diseases, due to
their protective role against radical species. It is well estab-
lished that oxidative modifications of endogenous cellular
molecules are related to neurodegenerative disorders (Behl &
Moosmann, 2002). Studies support the hypothesis that exces-
sive radical activity occurs in Alzheimer’s disease (Valko et al.,
2007), which manifests as a decrease in plasma chain-breaking
antioxidants, especially vitamins A, C and E (Foy, Passmore,
Vahidassr, Young, & Lawson, 1999).

4, Conclusions

This work provides the first comprehensive study on the chemi-
cal composition of S. tuberosa fruit. The combination of HPLC-
UV-MS, HPLC-microfractionation and biological assays led to
the localization of the active compounds directly in the crude
fruit extract. An efficient isolation procedure was performed
on the MeOH extract using a gradient transfer of analytical HPLC
conditions to the preparative MPLC-UV separation. This af-
forded the isolation of seven compounds; among them, two
are new natural products. Compounds 2 and 5 presented high
antioxidant activity and acetylcholinesterase inhibition. On the
other hand, the dichloromethane extract of umbu fruit showed
significant QR inducing activity. The extract was fractionated
by SPE and the active fraction was purified by semi prepara-
tive HPLC-UV-ELSD. Using this approach one anacardic acid
derivative was isolated. Even if this was the main compound
of the active fraction, it was not responsible for QR induc-
tion. Nevertheless, the biological activities of the crude extracts
highlight the potential of umbu as a possible active ingredi-
ent for functional food products.
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