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Abstract: Campomanesia xanthocarpa leaves are a byproduct of fruit production without studies on
antioxidant activity. Thus, this study aimed to identify the antioxidant compounds of C. xanthocarpa
leaves by ultra-high performance liquid chromatography coupled with electrospray ionization-
quadrupole-time of flight-mass spectrometry (UHPLC-ESI/qTOF) and by different in vitro antioxidant
methods. The crude extract of C. xanthocarpa leaves had a yield of 15.2% and only five out of 37
fractions of the crude extract had antioxidant activity. The crude extract presented greater antioxidant
activity than the isolated fractions. The identified antioxidant compounds were phenolic acids (gallic acid
and chlorogenic acid), flavonoids (quercetin and naringenin 7,4’-dimethoxy) and an organic acid (quinic
acid). Leaves of C. xanthocarpa have high concentration of antioxidant compounds and it is a promising
plant for the development of applications in the food, cosmetic, and pharmaceutical fields. The extraction
of antioxidant compounds can add value to the productive chain of this plant.

Keywords: Guabiroba; Gallic acid; Quercetin; Chlorogenic acid; Quinic acid.

Resumen: Las hojas de Campomanesia xanthocarpa son un subproducto de la produccién de frutos sin
estudios sobre la actividad antioxidante. Asi, este estudio tuvo como objetivo identificar los compuestos
antioxidantes de las hojas de C. xanthocarpa mediante cromatografia liquida de ultra alta resolucion
acoplada con espectrometria de ionizacién-cuadrupolo-tiempo de vuelo-masa por electropulverizacion
(UHPLC-ESI / qTOF) y mediante diferentes métodos antioxidantes in vitro. El extracto crudo de hojas de
C. xanthocarpa tuvo un rendimiento del 15,2% y solo cinco de las 37 fracciones del extracto crudo
tuvieron actividad antioxidante. El extracto crudo presenté mayor actividad antioxidante que las
fracciones aisladas. Los compuestos antioxidantes identificados fueron acidos fendlicos (&cido galico y
acido clorogénico), flavonoides (quercetina y naringenina 7,4'-dimetoxi) y un éacido organico (acido
quinico). Las hojas de C. xanthocarpa tienen una alta concentracién de compuestos antioxidantes y es una
planta prometedora para el desarrollo de aplicaciones en los campos alimentario, cosmético y
farmacéutico. La extraccion de compuestos antioxidantes puede agregar valor a la cadena productiva de
esta planta.

Palabras clave: Guabiroba; Acido galico; Quercetina; Acido clorogénico; Acido quinico.
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INTRODUCTION

The utilization of synthetic antioxidants in foods has
become a concern for consumers and industries and
has motivated the search for sources of natural
antioxidants to be applied in food, pharmaceutical,
cosmetics, and chemical industries (Lourenco et al.,
2019). Plants have complex non-enzymatic and
enzymatic antioxidant defense systems efficient to
avoid the toxic effects of free radicals. Chloroplasts
and mitochondria are the main powerhouses and sites
of reactive oxygen species (ROS) generation within
plants, thus explaining why all plants have an
antioxidant system (Kasote et al., 2015).

Brazil has great plant diversity and regularly
uses a lot of these plants in diets or in therapies,
according to the local ethnopharmacology (FAO,
2013). Campomanesia xanthocarpa (Mart.) Berg
belongs to the family Myrtaceae, is found in the
Central-Western, Southeastern, and Southern regions
of Brazil, and has several synonymous scientific
names such as Campomanesia crenata Berg,
Campomanesia dusenii  Kausel, Campomanesia
malifolia Berg, Campomanesia rhombea var.
grandifolia O.Berg, Campomanesia rhombea var.
kleinii D.Legrand, Campomanesia rhombea var.
parvifolia O.Berg, Campomanesia xanthocarpa var.
malifolia (Berg) C.D.Legrand, Eugenia xanthocarpa
Mart., Psidium eugenioides Mig., Psidium malifolium
F.Mll.,, and Psidium punctulatum Miq (Hassler,
2018).

It is a medium-size fruit tree, popularly
known as guabiroba or gabiroba and the wood is used
in civil construction, lathes, curving works, musical
instruments, and also as firewood and charcoal. The
fruits are traditionally consumed in natura or jellies,
ice creams, juices, and flavorings in distillates
(Markman et al., 2004; Vallilo et al., 2006). The pulp
and seed of C. xanthocarpa fruit have been reported
to have antioxidant activity (Santos et al., 2012;
Pereira et al., 2015; Salmazzo et al., 2019). However,
the leaves of this perennial plant have not been
studied regarding its antioxidant activity instead of
the fruit which is harvested only once a year (Luz &
Krupek, 2014). Leaves of C. xanthocarpa are used in
popular medicine as teas for gastrointestinal
disorders, fever, inflammation, and
hypercholesterolemia (Lorenzi, 2000; Klafke et al.,
2010). Antimicrobial (Markman et al., 2000),
antiulcerogenic (Markman et al., 2004), anti-
hypertensive  (Sant’anna et al., 2017), and

Antioxidant activity of Campomanesia xanthocarpa

hypocholesterolemic (Klafke et al., 2010) properties
have also been reported. Moreover, the leaves are
considered safe for consumption without toxic effect
up to 5 g/kg in rats (Markman et al., 2004).

The fruit farming of C. xanthocarpa is
recommended for intercropping and agroforestry
systems and this tree produces a great amount of
leaves that is pruned in order to facilitate the harvest,
eliminate not promising antlers, aerate the canopy,
and form a plant architecture suitable for better
management, however, in this system, the leaves are
discarded (Coradin et al., 2011). Therefore, finding a
practical use for the leaves of this plant can be a
sustainable practice that may add value to the
productive chain of the fruit cultivation.

There have been no reports found on the
chemical compound identification or the antioxidant
activity of C. xanthocarpa leaves, only the chemical
compound classes have been described (Markman et
al., 2004; Klafke et al., 2010; Sant’anna et al., 2017).
Thus, this study aimed to identify the chemical
compounds of C. xanthocarpa leaves by ultra-high
performance liquid chromatography coupled with
electrospray ionization-quadrupole-time of flight-
mass spectrometry (UPLC-ESI-Q-TOF-MS) and to
evaluate the antioxidant activity of the crude
ethanolic extract and isolated fractions.

MATERIALS AND METHODS

Plant material

Leaves of C. xanthocarpa were collected in the
morning from April 2016 to April 2018 at the
Medicinal Herbarium of Paranaense University in
Umuarama, at the coordinates S23° 46.225° and WO
53° 16.730° with altitude of 391 m. The plant is
registered in the Medicinal Herbarium of Paranaense
University under the registration number 276 and is
registered in the National Management System of the
Genetic Patrimony and Associated Traditional
Knowledge (SisGen) under the registration number
A80EAOF.

Leaf crude extract

The leaves (320 g) were dried on a mat at room
temperature, ground in a knife mill until obtaining
granulometry of 850 wm and submitted to the
dynamic maceration process with solvent (70% ethyl
alcohol) renewal (Miranda et al., 2009). The filtrate
was concentrated under reduced pressure in a rotary
evaporator (Tecnal, model TE-211) at 40°C until
obtaining the crude extract of leaves.
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Fractioning in chromatographic column of the
crude extract of leaves

For the column chromatography, silica gel 60 (0.063-
0.200 mm) was used as the stationary phase in the
1:25 ratio; it was previously activated by heating at
105°C for 45 min. The extract (6 g) was submitted to
a glass column chromatography (DiogoLab, 30 x 3.5
cm) and eluted with  hexane  (100%),
hexane:dichlorometane (9:1, 8:2, 7:3, 5:5, 3.7, 2:8,
1:9; volume/volume), dichlorometane (100%),
dichloromethane:ethyl acetate (9:1, 8:2, 7:3, 5:5, 3.7,
2:8, 1:9; volume/volume), ethyl acetate (100%), ethyl
acetate:methanol (9:1, 8:2, 7:3, 5:5, 3.7, 2:8, 1.9;
volume/volume) and methanol (100%). Next, the
obtained fractions were concentrated using a rotary
evaporator (Tecnal TE-210). The obtained fractions
with a similar chemical profile were regrouped by
thin layer chromatography analysis, resulting in 37
fractions. Those fractions that had antioxidant
activity were submitted to identification analysis by
UHPLC-ESI/qTOF.

A =0.0196 C-0.031

Where A represents the  measured
absorbance, C the concentration of gallic acid
equivalents, and R? represents the coefficient of
determination for multiple regression. The results
were expressed as ug of gallic acid equivalent per mg
of sample.

Free radical sequestration method by DPPH°

To determine the free radical sequestration capability
by DPPH° (2,2-diphenyl-1-picrylhydrazyl), the
methodology described by Rufino et al. (2007), was
used. An aliqguot of 0.1 mL of different
concentrations of extract and fractions (1.00, 0.75,
0.50, and 0.25 mg/mL), with 3.9 mL of methanolic
solution of DPPH® (60 M), prepared in the moment
of the activity. For the negative control, 0.1 mL of
methanol in the DPPH® solution (60 uM) was used.
The mixtures were kept in the dark at room
temperature for 30 min. The absorbance reduction
was measured at 515 nm in a UV/VIS
spectrophotometer. The total antioxidant capacity of
the extract and isolated fractions was calculated
utilizing a standard quercetin solution (60 UM) as a
reference of 100%. From the correlation between
absorbance versus sample concentration, the
concentration required to reduce 50% free radicals
(ICs0) was determined.

Antioxidant activity of Campomanesia xanthocarpa

Antioxidant activity of crude extract and isolated
fractions

Determination of total phenolic content

The determination of the total phenol content in the
crude extract and fractions of leaves was done by
spectroscopy in the visible region utilizing Folin-
Ciocalteu method, following Swain et al. (1959),
with modifications (Sousa de Sa et al., 2012). The
samples of the extract and isolated fractions were
diluted in methanol at 1.0 mg/mL. The reagent
solution consisted of 155 pL Folin-Ciocalteu
solution, 125 pL sodium carbonate solution followed
by 20 uL diluted sample (1 mg/mL) in each well of
the microplate. The mixture was kept at rest in the
dark for 60 min and read in a Microplate Reader
(SpectraMax Plus®4) at 760 nm in triplicate.

The calibration curve was obtained by seven
dilutions of gallic acid (0-100 pg/mL). The equation
of the calibration curve was obtained by linear
regression according to equation 1:

(R? = 0.9997) Eq. 1

Ferric ion reducing antioxidant power method

The ferric ion reducing antioxidant power (FRAP)
method was evaluated as described by Rufino et al.
(2006a), FRAP reagent was prepared with a mixture
of 25 mL acetate buffer (0.3 M), 2.5 mL aqueous
solution of 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ, 10
mM), 2.5 mL ferric chloride aqueous solution (20
mM), and 3 mL ultrapure water. The reagent solution
consisted of 10 pL samples (crude extract and
isolated fractions) at different concentrations (1.00,
0.75, 0.50, and 0.25 mg/mL), 290 uL. FRAP reagent
in each well of the microplate. The mixture was
placed in a microplate reader (SpectraMax Plus®4)
and kept at 37°C for 30 min for absorbance reading at
595 nm. Using a standard curve of ferrous sulfate (0-
2000 uM), the percentage of antioxidant activity was
calculated. The antioxidant activity was expressed in
uM ferrous sulfate/mg of sample.

p-carotene/linoleic acid co-oxidation system

The antioxidant capacity of the extract and isolated
fractions was evaluated by the B-carotene/linoleic
acid co-oxidation (BCLA) method, according to
Mattos et al. (2009). This method evaluates the
sample capacity to protect B-carotene from the attack
of free radicals generated by the linoleic acid. The -
carotene solution (1 mL) was prepared by dissolution
of 20 mg B-carotene in 1 mL chloroform, which was
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placed in a round bottom flask, containing 40 pL
linoleic acid and 530 uLL Tween 40 emulsifier. After
the chloroform removal, in a rotary evaporator at
50°C, 450 mL ultrapure water (previously saturated
with oxygen for 30 min) was added under vigorous
agitation. Aliquots (5 mL) of this emulsion were
transferred to a series of assay tubes containing 1 mL
of crude extract and isolated fractions at the
concentrations of 1.0, 0.75, 0.5, and 0.25 mg/mL.
Next, the tubes were placed in water bath at 50°C for
120 min, and the absorbance was measured at 470
nm, initially and in the time intervals of 0, 15, 30, 45,
60, 75, 90, 105, and 120 min. Trolox was used as
standard reference. The antioxidant activity was
expressed as an oxidation inhibition percentage.

Analysis by ultra-high  performance liquid
chromatography  coupled  with  electrospray
ionization-quadrupole-time of flight-mass
spectrometry

The crude extract and the isolated fractions that
presented antioxidant activity were analyzed by ultra-
high performance liquid chromatography (UHPLC)
(Shimadzu, Nexera X2) coupled to high-resolution
mass spectrometer (QTOF Impact |, Bruker
Daltonics Corporation, USA), equipped with source
of ionization by electrospray. The capillary tension
was operated in negative ionization mode, defined at
4500 V, and with a compensation potential of final
plate of -500 V. The parameters of dry gas were
adjusted for 8 L/min a 200°C with nebulization gas
pressure of 4 bar. The fragmentation, collision
induced dissociation (CID), was done using argon
and collision energy of 15 at 30 eV. The data were
collected at 50-1300 m/z with an acquisition rate of 5
spectra per second, and the ions of interest were
selected by automatic fragmentation of scanning by
tandem mass spectrometry (MS/MS). The
chromatographic separation was carried out using a
C18 column (75 x 2.0 mm i.d., 1.6 um Shim-pack
XR-ODS I1I). The gradient mixture of A (H20) and B
(acetonitrile) solvents was: 5% B 0-1 min, 30% B 1-4
min, 95% B 4-8 min, kept at 95% B 8-17 min, at
40°C. The identification of these compounds was
proposed in a review of the genus Campomanesia
(Schmeda-Hirschmann, 1995; Sant’anna et al., 2017),
besides the error value of the mass and the
comparison to databases such as MassBank
(http://lwww.massbank.jp) and Human Metabolome
Database (http://www.hmdb.ca).

Antioxidant activity of Campomanesia xanthocarpa

Statistical analysis

All the tests were done in triplicate. The results were
submitted to analysis of variance (ANOVA) and the
differences between the arithmetic averages were
determined by Duncan’s test (p<0.05) by Statistica
software, version 13.3 (StatSoft South America,
Quest Software Inc, Ok, USA), serial number
JPZ7111235230FA-T.

RESULTS

The yield of the crude ethanolic extract of leaves was
15.2%. The crude extract was divided into 37
fractions, and five of them had antioxidant activity
(Table No. 1). By DPPH® method, the crude extract
and ethyl acetate:methanol (7:3) fraction had the
greatest values of antioxidant activity with 1Cso of
0.067 and 0.450 mg/mL, respectively (Table No. 1).
These samples also had the greatest total phenol
contents (p<0.05) of 175.680 and 150.850 pg of
gallic acid equivalent per mg of sample, respectively
(Table No. 1). This indicates that the group of
chemical compounds and not a specific compound
has the antioxidant activity and that it is probably
found mostly in the ethyl acetate:methanol (7:3)
fraction. By FRAP method, the crude extract and the
fractions did not have considerable activity in iron
reduction (Table No. 1). By BCLA system, the crude
extract and the dichloromethane:ethyl acetate (8:2)
apolar fraction had greater antioxidant activity with
B-carotene protection in the reaction of 68.3 and
52.5%, respectively, representing an antioxidant
activity equivalent to 86 and 66% of trolox positive
control (Figure No. 1).

The chemical compounds of the crude extract
were classified as phenolic acids (gallic acid and
chlorogenic acid), flavonoids (quercetin and
naringenin 7,4’-dimethoxy) and an organic acid
(quinic acid) (Table No. 2). The chemical compounds
of the fractions were classified as phenolic acid
(gallic acid) for dichloromethane:ethyl acetate (9:1)
and ethyl acetate:methanol (7:3) fractions, and the
flavonoid (naringenin 7,4’-dimethoxy) for
dichloromethane:ethyl acetate (8:2),
dichloromethane:ethyl acetate (7:3), ethyl
acetate:methanol (9:1), and ethyl acetate:methanol
(7:3) fractions (Table 2). The chemical compounds
were identified by ion m/z 169.0143 [M-H] as gallic
acid, ion m/z 191.0529 [M-H]" as quinic acid, ion m/z
353.0879 [M-H] as chlorogenic acid, ion m/z
301.0350 [M-H] as quercetin, and ion m/z 299.0874
[M-H] as naringenin 7,4’-dimethoxy (Table No. 2).
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Table No. 1

Antioxidant activity of Campomanesia xanthocarpa

Antioxidant activity of the crude ethanolic extract and fractions of Campomanesia xanthocarpa leaves by the
methods of free radical sequestration by DPPH° (2,2-diphenyl-1-picrylhydrazyl), FRAP (ferric ion reducing
antioxidant power), and total phenolic content

sample DPPH?° FRAP Total phenols
ICso (UM ferrous sulfate/ (Mg of gallic acid/
(mg/mL) mg of sample) mg of sample)
Crude extract 0.067 +0.033° 0.670 +0.111¢ 175.680 + 13.709?
Dichloromethane:ethyl acetate (9:1) 5.515 +0.892f 0.008 + 0.006f 83.503 + 6.974¢
Dichloromethane:ethyl acetate (8:2) 1.298 £ 0.057¢ 0.243 £ 0.042¢ 123.214 + 2.765°
Dichloromethane:ethyl acetate (7:3) 5.013 £ 0.674" 0.446 +0.020°¢ 51.956 + 7.091°
Ethyl acetate:methanol (9:1) 0.842 +0.024¢ 0.693 + 0.097¢ 83.248 + 1.082¢
Ethyl acetate:methanol (7:3) 0.450 £ 0.013° 1.064 +0.134° 150.850 +0.001°
Quercetin 0.010 £ 0.001? - -
Trolox - 9.175 +£0.001% -

The values are the arithmetic average * standard deviation of the experiment in triplicate. ICso = half
maximal inhibitory concentration. Values in the same column with different letters are significantly different

by Duncan’s test (p<0.05)

DISCUSSION

The phenolic compounds identified in the crude
ethanolic extract constitute heterogeneous secondary
metabolites produced by plants and that are important
natural antioxidants able to neutralize free radicals by
donating hydrogen or electrons, capturing metallic
ions or inhibiting enzymes involved in the generation
of free radicals (Pereira et al., 2009; San Miguel-
Chavez, 2017; Gatto et al., 2021). The results of
UHPLC-ESI/QTOF  made  evident  phenolic
compounds in the extract of C. xanthocarpa leaves
such as gallic acid, quercetin, chlorogenic acid,
naringenin 7,4’-dimethoxy, and the organic acid as
quinic acid. These results are in accordance with the
high content of total phenols of 175.68 pg of gallic
acid equivalent per mg determined for the crude
extract. For the ethanolic extract of C. xanthocarpa
leaves, compounds such as gallic acid, chlorogenic
acid, quercetin, and theobromine, and the presence of
saponins, tannins, terpenes, and flavonoids (Table
No. 3) are described in the literature. These studies

corroborate the chemical identification found in our
study.

There are few reports on phenols and
flavonoids of C. xanthocarpa leaves (Sant’anna et al.,
2017; Dalastra et al., 2019). Sant’ Anna et al. (2017),
demonstrated relevant content of phenolics and
flavonoids compounds and the possible presence of
chlorogenic acid, gallic acid, quercetin, and
theobromine (Table No. 3) in the aqueous extract of
C. xanthocarpa leaves, but without the chemical
identification of the compounds. On the other hand,
for C. xanthocarpa seeds, the total phenols were
1.7656 pg of gallic acid equivalent per mg (Santos et
al., 2012). Our results of total phenols for the
ethanolic extract of C. xanthocarpa leaves were
approximately 10-fold higher than in the seeds
(Santos et al., 2012), our result may be related to the
high antioxidant activity found in the leaf extracts
with ICso of 0.067 mg/mL by DPPH® and protection
of 70% by BCLA.
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Figure No. 1

Antioxidant activity of the crude ethanolic extract and fractions of Campomanesia xanthocarpa leaves by p-
carotene/linoleic co-oxidation (BCLA) method. Extract = crude extract obtained from the dried leaves,
Dic:Eti (9:1) = fraction obtained with dichloromethane:ethyl acetate (9:1), Dic:Ace (8:2) = fraction obtained
with dichloromethane:ethyl acetate (8:2), Dic:Eti (7:3) = fraction obtained with dichloromethane:ethyl
acetate (7:3), Eti:Met (9:1) = fraction obtained with ethyl acetate:methanol (9:1), Eti:Met (7:3) = fraction
obtained with ethyl acetate:methanol (7:3). Samples were tested at 0.25 mg/mL. Trolox = positive control at
0.2 mg/mL. Values with different letters are significantly different by Duncan’s test (p<0.05)

One of the identified compounds in the
extract of C. xanthocarpa leaves was naringenin 7,4’-
dimethoxy, a naringenin derivate. Brighente et al.
(2007), reported high antioxidant activity for
naringenin with ICso of 0.018 mg/mL by DPPH°®. In
its structure, naringenin has two hydroxyl groups in
the sites 5 and 7 of the A ring, and a carbonyl group
in the site 4 of C ring that reduce iron ions and avoid
oxidative reactions (Cook & Samman, 1996).
Naringenin is abundant in foods such as citric fruits,
honey, bee pollen (Zheng et al., 2019), besides
having antioxidant activity (Cavia-Saiz et al., 2010),
it has been reported to have immunomodulatory
activity (Maatouk et al., 2016) as well as antitumoral
(Lin et al., 2014), anti-inflammatory (L. et al., 2015),
antiaterogenic (Lee et al., 2001), and UVB-radiation

protector activities (EI-Mahdy et al., 2008).

Quercetin, also identified in our study in C.
xanthocarpa leaves, has capacity to sequester
oxygen-reactive species such as O,", NO- and
ONOO" donating a proton and redistributing its
charge by resonance (Mariani et al., 2008; Wang et
al., 2016). In antioxidant assays, quercetin is utilized
as an analytic standard with values of ICso from 0.55
to 6.55 pg/mL by DPPH° (Takao et al., 2015;
Rusmana et al., 2017; Singh et al., 2018). Quercetin
is related to antitumor activity (Hashemzaei et al.,
2017) as well as antiviral (Ganesan et al., 2012),
antibacterial (Rattanachaikunsopon & Phumkha-
chorn, 2010), anti-proliferative, anti-arterosclerotic,
and anti-inflammatory (Kleemann et al.,, 2011)
activities.
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Table No. 2
Chemical composition of the crude ethanolic extract and fractions of Campomanesia xanthocarpa leaves by
UHPLC-ESI/gTOF

Molecular m/z Theoretical miz Error
Compound RT (min) . Experimental Fragments Sample
formula [M-H] [M-H] (ppm)
1 | 1 | | | |
0.71 169.0143 +7.10 Extract,
0.73 Dic:Eti(
Gallic acid ' C7HeOs 169.0131 169.0118 +7.69 125 9:1),
0.77 Eti:Met
' 169.0108 +13.61 (7:3)
I I I ] I I ]
Quinic acid 1.31 C7H1206 191.0550 191.0529 +10.98 173, 127, 85 Extract
I | I ] | I ]
Ch";ﬁge”'c 1.45 C16H1500 353.0867 353.0879 +339 191,179,161  Extract
I | I ] | ] ]
Quercetin 1.70 CisH1007 301.0342 301.0350 +2.66 273,151, 107,83 Extract
I | | I | I I
Extract,
9.33 299.0874 +13.37 Dic:Ac
9.34 209.0867  +15.71 € (8:2),
. . Dic:Eti
Naringenin (7:3)
7.4°- 9.38 C17H160s5 299.0914 299.0885 +9.69 281, 271 Eti'.Mét
dimethoxy (9',1)
9.36 299.0874 +13.37 =
Eti:Met
9.37 299.0870 +14.71 (7:3)

RT = retention time (min). Extract = crude extract obtained from the dried leaves, Dic:Eti (9:1) = fraction
obtained with dichloromethane:ethyl acetate (9:1), Dic:Ace (8:2) = fraction obtained with
dichloromethane:ethyl acetate (8:2), Dic:Eti (7:3) = fraction obtained with dichloromethane:ethyl acetate
(7:3), Eti:Met (9:1) = fraction obtained with ethyl acetate:methanol (9:1), Eti:Met (7:3) = fraction obtained
with ethyl acetate:methanol (7:3)
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Table No. 3
Major compounds, total phenols, flavonoids and antioxidant activity of Campomanesia xanthocarpa reported
Plant  Extraction . Total phenolic  Total flavonoid Ant|0_><|_dant
Major compounds activity Source
part solvent content content
(ng/mL)
Leaf Ethanol-  Flavonoids, saponins and ) ) i Markman et al., 2004
Water tannins
saponins, tannins,
Leaf - terpenes and - - - Klafke et al., 2010
flavonoids
gallic acid
chlorogenic acid 3.74 mg 2.51 rutin mg i ,
Leaf Water quercetin GAE/mL equivalents/g Sant’Anna et al., 2017
theobromine
52.64 ng de
Ethanol- -
Leaf \Water - - catechin/g -
Dalastra et al., 2019
Fruit Ethanol- i 7.18 ng de )
Water catechin/g
2’,4’-dihydroxy-5’-
methyl-6’-
methoxychalcone
2’4 -Q|hydroxy:3 o Ethanolic
dimethyl-6’- .
extract: 87.53
methoxychalcone o
’ ’ DPPH
_ Ethanol 2 -hyc_iroxy-3 -methyl-
Fruit H 4’,6’-dimethoxychalcone - - . Salmazzo et al., 2019
exane Y s s X Hexanic
2°,6’-dihydroxy-3’- ;
R extract: 97.85
methyl-4’- o
DPPH
methoxychalcone
5-hydroxy-7 methoxy-8-
methylflavanone
7-hydroxy-5-methoxy-6-
methylflavanone
Seed Ethanol - 1.76 Lrlr%gGAE/ - 75.52 DPPH° Santos et al., 2012

The chlorogenic acid, also identified in the 2011), antibacterial, hepatoprotective, cardioprotec-

extract of C. xanthocarpa leaves, has I1Cso of 6.41
pg/mL by DPPH°® (Singh et al., 2018). The
antioxidant activity is related to the presence of
neighboring hydroxyl groups that can stabilize free
radicals by positive charge approach (Rice-Evans et
al., 1996; Lan, 2007; Sato et al., 2011). The
chlorogenic acid is also related to the protective
activity of intestinal membranes in rats (Sato et al.,

tive, anti-inflammatory, antipyretic, neuroprotective,
anti-obesity, antiviral, antimicrobial, and
antihypertensive activities, besides eliminating free
radicals, and being a central stimulating agent of the
nervous system (Naveed et al., 2018).

The gallic acid, identified in the crude extract
and dichloromethane:ethyl acetate (9:1) and ethyl
acetate:methanol (7:3) fractions, is a phenolic acid
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utilized as food additive and analytical standard to
determine the phenolic content of vegetal extracts by
the total phenol test. Gallic acid is a natural
antioxidant with ICso of 0.0026 mg/mL by DPPH°
(Brighente et al., 2007) and 3.52 pumol of Fe*?/ug by
FRAP (Pandey & Rizvi, 2012). The antioxidant
activity is related to the presence of three hydroxyl
groups that can react with free radicals and prevent
oxidative damages (Pandey & Rizvi, 2012; Badhani
et al., 2015). The gallic acid is reported as an
apoptosis inducer with antitumor (Sun et al., 2016),
antimicrobial (Rajamanickam et al., 2019), and anti-
melanogenic (Kim, 2007) activities.

The quinic acid has been characterized as a
inducer of antioxidants nicotinamide and tryptophan
(Pero et al., 2009) thus, it has been related with anti-
inflammatory activity through factor kappa B (NF-
kappaB) (Zeng et al., 2009), a suppressive effect of
hepatoma (AH109A cells) invasion in vitro
(YYagasaki et al., 2000), protective effect on human
lymphocytes from damage induced by X-ray
(Cinkilic et al., 2013) and from cell death induced by
tetrahydropapaveroline (Soh et al., 2003) and
antimicrobial activity against Staphylococcus aureus
(Bai et al.,, 2018). Chuda et al. (1996), isolated
derivatives of quinic acid (dicaffeoylquinic acids)
with antioxidant activity 10-fold smaller than BHA
(3-tert-butyl-4-hydroxyanisole) by BCLA, indicating
intermediate antioxidant activity.

In our study, the crude leaf extract had
greater antioxidant activity than the separate
fractions, probably due to the greater concentration of
antioxidant compounds in the extract. However, the
fraction with two antioxidants, such as gallic acid and
naringenin 7,4’-dimethoxy, had greater antioxidant
activity by DPPH°, FRAP, or total phenols. By
BCLA, the fraction containing naringenin 7,4’-
dimethoxy had greater antioxidant activity, but
similar (p<0.05) to the crude extract. The methods of
DPPH°, FRAP and total phenols evaluate the
capacity to sequester free radicals and to reduce metal
ions. Thus, these methodologies have high correlation
with the number of available hydroxyl groups and,
consequently, with phenolic groups. However, the
BCLA method evaluates the inhibitory power of free
radicals generated during linoleic acid peroxidation,
and are mainly related to lipophilic antioxidant
compounds (Rufino et al., 2006b; Alves et al., 2010).

The crude extract of C. xanthocarpa leaves

Antioxidant activity of Campomanesia xanthocarpa

contains a mixture of antioxidant compounds such as
gallic acid, quercetin, chlorogenic acid, naringenin
7,4’-dimethoxy, and quinic acid was the one that had
greater antioxidant activity when compared to
isolated fractions. These compounds found in C.
xanthocarpa leaves are regularly found in human diet
and, due to their pharmacological properties, which
are beneficial to health, are also commercialized as
nutraceuticals by the pharmaceutical and food
industries (Boot et al., 2008; Wang et al., 2016). The
mixture of antioxidant compounds can increase or
reduce the antioxidant activity, depending on the type
and amount of compounds in the mixture (Freeman et
al., 2010; Hajimehdipoor et al., 2014), but in our
study it increased the antioxidant activity. This makes
evident the potential utilization of C. xanthocarpa
leaves as natural antioxidants and that the crude
extract is more effective than the isolated fractions.

CONCLUSIONS

The crude extract of C. xanthocarpa leaves has yield
of 15.2% and only 5 out of 37 fractions of the crude
extract has antioxidant activity. The crude extract of
C. xanthocarpa leaves has high antioxidant activity
by DPPH° and BCLA. All five fractions with
antioxidant activity have low antioxidant activity by
FRAP. The identified chemical compounds of the
crude extract are phenolic acids (gallic acid and
chlorogenic acid), flavonoids (quercetin and
naringenin 7,4’-dimethoxy) and an organic acid
(quinic acid). In the dichloromethane:ethyl acetate
(9:1) and ethyl acetate:methanol (7:3) fractions, the
identified chemical compound is the gallic acid
(phenolic acid), and for dichloromethane:ethyl
acetate (8:2), dichloromethane:ethyl acetate (7:3),
ethyl acetate:methanol (9:1), and ethyl
acetate:methanol (7:3) fractions, it is naringenin 7,4’-
dimethoxy (flavonoid). Leaves of C. xanthocarpa
have high concentration of antioxidant compounds
and it is a promising plant to develop applications in
the food, cosmetics, and pharmaceutical industries.
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