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1 | INTRODUCTION

Recent reviews have focused on the benefits provided for human health
by the fruits of the genus Citrus (Ademosun et al., 2015; Castro-Vasquez
et al., 2016). These plants are economically important and a source of
bioactive compounds. Several studies suggest that varieties of Citrus
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Toranja ‘Burarama’, Citrus maxima (Burm.) Merr. (Citrus grandis), is a new citrus discov-
ered in the State of Espirito Santo, Brazil. As several varieties of citrus are known to
possess antioxidant and cancer chemopreventive properties, the aim of the study
was to evaluate in vitro if this Toranja possess these properties. The antioxidant activ-
ity, the potential to induce quinone reductase 1, and the influence on cell viability
were measured. ESI(-)FT-ICR MS analysis was also performed and identified flavo-
noids, coumarins, and fatty acids in the extract. The ethyl acetate and methanolic
extracts of the peels presented the highest antioxidant activity in vitro by DPPH
(ICsp = 2983 + 26 pg/ml and 3038 + 04 pg/ml), ABTS assay
(ICso = 2982 =+ 64 pg/ml and 2964 + 25 pg/ml), and FRAP
(ICs50 = 234.6 £ 1.8 pug/ml and 398.1 + 3.8 pug/ml). The ethyl acetate extract of the peel
induced quinone reductase 1 activity in Hepalclc7 cells, indicating that C. maxima

exhibited cancer chemopreventive properties.
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grown throughout the world show antioxidant (Dulay & De Castro,
2016; Castro-Vasquez et al., 2016; Jayaprakasha, Girennavar, & Patil,
2008a; Jayaprakasha, Girennavar, & Patil, 2008b; Kelebek, 2010) and
cancer chemopreventive activities (Benavente-Garcia et al., 1997).
Citrus maxima (Burm.) Merr. (Fam. Rutaceae), also known as Citrus

grandis, is the largest species of Citrus and popularly known as
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pummelo or shaddock (Vijaylakshmi & Radha, 2015; Wang et al,,
2015). This tropical fruit originates in Southeast Asia but is also found
in India, China, Japan, United States, and West Africa (Vijaylakshmi &
Radha, 2015). Although the fruit is the main part consumed, some tra-
ditional uses of other plant's parts have also been reported
(Vijaylakshmi & Radha, 2015).

The antioxidant potential of C. maxima has been already evaluated
by the 2,2-azino-bis[3-ethylbenzothiazoline-6-sulfonic acid] (ABTS)
radical assay (Jayaprakasha et al, 2008b), the 2,2-diphenyl-1-
picrylhydrazyl radical (DPPH) radical-scavenging assay (Dulay & De
Castro, 2016; Jayaprakasha et al., 2008b), the ferric reducing ability
of plasma (FRAP) assay (Toh, Khoo, & Azrina, 2013), the oxygen radical
absorbance capacity (Jayaprakasha et al, 2008b), and the trolox-
equivalent antioxidant capacity (Toh et al., 2013).

Besides the antioxidant effects, C. maxima extracts have also
exhibited antibacterial (Dulay & De Castro, 2016), algicidal (Wang
et al, 2015), analgesic (Vijaylakshmi & Radha, 2015), and
hypocholesterolemic activity (Vijaylakshmi & Radha, 2015).

Cancer chemoprevention may be achieved by using a strategy
with compounds that enhance endogenous mechanisms to reduce
the risk of cancer development through reversion, suppression, or pre-
vention of the carcinogenesis process (Wattenberg, 1985).

Although knowledge of cancer chemoprevention is far from a
complete elucidation, the induction of quinone reductase 1 (QR1)
activity in murine hepatoma Hepalclc7 cells has been a widely
employed tool to examine the potential chemopreventive activity of
phytochemicals and find novel anticarcinogenic agents (Prochaska &
Santamaria, 1988). Scavenging reactive oxygen species by antioxi-
dants and enhancing carcinogen detoxification via Phase Il enzymes
such as QR1 induction are two important cancer chemoprevention
strategies (Cuendet, Oteham, Moon, & Pezzuto, 2006).

So far, there has been limited research into the health potential of
C. maxima cultivated in Brazil. To the extent of our knowledge, no
experiments for chemoprevention have been conducted with C. max-
ima. Therefore, the aim of this study was to evaluate the cancer che-
moprevention capacity through induction of nicotinamide adenine
dinucleotide phosphate (NAD (P)H): QR1 in murine hepatoma cells

and the antioxidant capacity of new Citrus maxima genotype in Brazil.

2 | MATERIALS AND METHODS

2.1 | Standards and chemicals

Flavin adenine dinucleotide disodium salt hydrate (FAD), glucose-6-
phosphate (G-6P), nicotinamide adenine dinucleotide phosphate
(NAD (P)H), bovine serum albumin (BSA), glucose-6-phosphate dehy-
drogenase (G6PD), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT), menadione, Tween 20®, Tris-HCI, digitonin, sodium
dodecyl sulfate (SDS), crystal violet, 4'-bromoflavone, camptothecin,
dimethyl sulfoxide (DMSO), 2,2-diphenyl-1-picrylhydrazyl radicals
(DPPH), 2,2-azino-bis[3-ethylbenzothiazoline-6-sulfonic acid] (ABTS),
potassium persulfate, TPTZ (Fe3*-2,4,6-tripyridyl-s-triazine), and quer-
cetin were purchased from Sigma Aldrich® (St. Louis, MO, USA). All

other reagents used (ammonium hydroxide [NH4OH], sodium acetate

trihydrate, glacial acetic acid, hydrochloric acid, ethanol, methanol, ethyl

acetate, hexane, and acetone) were analytical grade.

2.2 | Cell lines and culture maintenance

The cell line used was murine hepatoma (Hepa 1c1c7) cells (ATCC®
CRL-2026™). The cells were maintained in Dulbecco's Modified
Eagle's medium supplemented with 10% fetal bovine serum (FBS),
100-1U/ml penicillin, and 100-pug/ml streptomycin at 37°C, in a humid-
ified atmosphere containing 5% CO,. Murine hepatoma and fibroblast
cells were harvested by tripsinization with 0.05% trypsin/0.02% EDTA
solution from Gibco, Grand Island, NY, USA, and mechanically

removed.

2.3 | Collection and identification of plant material

Five samples of the fruits of C. maxima (C. grandis) clone Incaper 7133,
of tree grafted on ‘Cleopatra’ mandarin, with 10 years old, were har-
vested in May 2015, in Experimental Farm of Sooretama, ES, Brazil.
The fruits were harvested in the maturity stage, based on external
color and size uniformity: oblate fruits, with a diameter of 18 cm and
1.5-kg average weight. Fruits were taxonomically identified by Flavio
de Lima Alves, curator of the Genetic Bank of Citrus, and variety
clones (INCAPER #7133) was deposited in the Genetic Bank of Citrus
at the Instituto Capixaba de Pesquisa, Assisténcia Técnica e Extensdo
Rural (INCAPER-www.incaper.es.gov.br), Vitoria, ES, Brazil.

2.4 | Preparation of peel and juice extracts

The fruits were rinsed with tap water and dried. They were manually
separated into peel (flavedo, the peripheral surface) and peeled fruits.
The peels were stored at -20°C, and the peeled fruits were trans-
formed into juice using a domestic electric squeezer. Fruit juice sam-
ples were vacuum filtered and lyophilized. The concentrates thus
obtained were stored at -20°C in airtight containers until analysis.
Each lyophilized juice sample (~3 g) was then extracted twice with
50 ml of methanol at 25°C for 12 hr as described by Guimaraes et al.
(2010). The extract was evaporated to dryness (40°C), and the dried
material was dissolved in methanol (or ethanol) at a concentration of
20 mg/ml and stored at 4°C.

The peels were thawed and crushed. The crushed peels (124 g)
were divided into fractions. Soxhlet extraction was performed on the
fractions using hexane, ethyl acetate (EtOAc), acetone, methanol
(MeOH), and methanol:water (80:20). Each fraction extracted contains
1-L final volume as described by Jayaprakasha et al. (2008a). All the
extractions were performed using a Soxhlet apparatus for approxi-
mately 8 hr for each solvent. The extracts were concentrated under
vacuum at 40°C in a rotary evaporator (Fisaton 801, Sio Paulo, Brazil)

to obtain the crude extract, which was stored at —20°C until analysis.

25 |
activity

Determination of DPPH radical-scavenging

The radical scavenging activity of each fraction of the C. maxima peel
was assessed using the radical DPPH according to Guimaraes et al.

(2010). Briefly, each sample of the extracts was prepared in ethanol
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in serial dilutions (0.04-5 mg/ml) for the assay. Quercetin (0.2-
0.001 mM) was used as control and a solution of ethanol, and DPPH
was used as the reference, that is, a blank analysis. The experiment
was carried out in triplicate. After 60 min in the dark at room temper-
ature, the absorbance was determined at 515 nm. Reduction of the
DPPH radical was seen by bleaching of the purple-colored solution
of DPPH.

The radical-scavenging activity (RSA) was calculated according to
Jayaprakasha et al. (2008b) as a percentage of the DPPH discoloration
using the equation: %RSA = [(Apppn — As)/(Apppn)] x 100, where
Apppy is the absorbance of the DPPH solution (DPPH radical + ethanol)
and Ag is the absorbance of the solution (DPPH + sample extract or
standard). The antioxidant power against the DPPH radical was

expressed as the ICsp, as proposed by Guimaraes et al. (2010).

2.6 | ABTS" radical-scavenging assay

The antioxidant activity of each of the fractions of the C. maxima
peels was also determined by the ABTS assay according to Re et al.
(1999), with modifications. A solution of ABTS* was prepared by
mixing an ABTS stock aqueous solution (7 mM) with 2.45-mM potas-
sium persulfate (final concentration). The mixture was maintained in
the dark at room temperature for 16 hr before use for the formation
of the ABTS radical and then stored at 4°C until further use. Prior to
use, the solution was kept at room temperature and was further
diluted (1250-pl stock solution in 50-ml ethanol: water 50%) to
achieve an absorbance value of 1.10 * 0.02 at 734 nm. Ethanolic
solutions of each solvent extract were prepared in serial dilutions as
described for the DPPH assay. The assay was carried out in a 96-well
plate, where the reaction mixture containing extract solution (30 pl)
was added to the diluted ABTS radical solution (270 pl). After
6 min, absorbance was measured at 734 nm. Radical-scavenging
activity (%RSA) and ICso were calculated using the same equations

as previously described for the DPPH assay.

2.7 | Ferric reducing antioxidant power assay (FRAP)

The FRAP assay, developed by Benzie and Strain (1996) was used to
measure the antioxidant capacity of each fraction of C. maxima peel.
Briefly, the FRAP reagent contained 2.5 ml of 2,4,6-tripyridyl-s-tri-
azine (TPTZ) solution in 40-mM HCI plus 2.5 ml of 20-mM
FeCl3.6H,0 and 25 ml of 0.3M acetate buffer (pH 3.6) and was pre-
pared fresh. Then 270 ul of FRAP reagent was mixed with 30 ul of
the test sample or ethanol (for the reagent blank) and incubated at
room temperature for 10 min. After the absorbance was measured
at 595 nm using a microplate reader (Molecular Devices, SpectraMax
190, USA). The experiments were carried out in triplicate, and the

ICs0 was calculated as previously described.

28 |
QR1

The activity of the quinone reductase (QR) of the phenolic fractions
was assessed in 96-well plates using Hepa 1c1c7 (ATCC CRL-2026),
as described by Pezzuto et al. (2005). Briefly, cells were grown to a
density of 2 x 10* cells/ml in 200 pl of Dulbecco's Modified Eagle's

Evaluation of the induction of the NAD (P)H:
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Medium (containing 100-1U/ml penicillin and 100 pg/ml streptomycin
at 37°C in a humidified atmosphere containing 5% CO, (all Sigma,
USA). After a 24-hr preincubation period, the media were renovated.
The cells were incubated for an additional 48 hr. Enzyme activity
was determined using an extract of C. maxima at a concentration of
20 ug/ml as a function of the NAD (P)H-dependent menadiol-medi-
ated reduction of 3-(4,5-dimethylthiazo-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) to a blue formazan. Absorption was determined at
595 nm. A total protein assay using crystal violet staining was run in
parallel. The induction ratio (IR) of the QR activity represents the spe-
cific enzyme activity of agent-treated cells compared with a DMSO-
treated control. The presented data are the results of three indepen-
dent experiments run in duplicate. 40-Bromoflavone (CD = 53.71 nM
or CD = 0.03234 pg/ml) was used as a positive control. The experi-
ments were carried out in triplicate.

For samples with IR > 2, the extract was considered active. A plot
of the ratio of IR as a function of extract-inducer concentration per-
mits the determination of the concentration, which causes double
induction (CD). CD values were determined through a dose-response
assay for active extracts. To check dose-dependence, a serial dilution
with eight different concentrations of the extracts was tested starting
at 20 pg/ml. For the negative control, cells were treated with medium
containing 0.5% DMSO, and 4'-bromoflavone was used as the posi-
tive control. According to Song et al. (1999), 4'-bromoflavone induces
QR activity in cultured hepatoma 1c1c7 cells (CD = 10 nM). A chemo-
preventive index (Cl) = IC50/CD was also calculated where ICsq = half-
maximal inhibitory concentration of cell viability. Assays were per-
formed in triplicate and expressed as the mean + standard deviation.
CD and IC5 were estimated with TableCurve 2D V4 Systat Software
(San Jose, CA).

2.9 | ESI(-FT-ICR MS

For the analysis of the ethyl acetate and hexane peel extracts of
C. maxima, 500 pl of the extract was dissolved in 500 ul of methanol.
The methanolic solution was basified with 4 ul of the NH,OH (Vetec
Fine Chemicals Ltda, Brazil). The mass spectrometer (model 9.4 T
solariX, Bruker Daltonics, Bremen, Germany) was set to operate in
the negative ion mode, ESI(-), over a mass range of m/z 150-
1,250. The ESI(-) source conditions were as follows: a nebulizer gas
pressure of 1.4 bar, a capillary voltage of 3.8 kV, and a transfer cap-
illary temperature of 200°C. The ion accumulation time was 0.010 s.
The ESI(-)FT-ICR mass spectrum was acquired by accumulating 32
scans. The high-resolution spectra obtained (m/Amsgy = 400,000-
500,000, in which Amsgy is the full peak width at half-maximum
peak height of m/z 400) and a mass accuracy of <1 ppm provided
the unambiguous molecular formula assignments for singly charged
molecular ions. Mass spectral data were acquired and processed
using Data Analysis software (Bruker Daltonics, Bremen, Germany),
and the elemental compositions of the compounds were determined
by measuring the m/z values. The proposed structures for each for-
mula were assigned using Chemspider (www.chemspider.com) data-
base, METLIN Metabolomics Database and PubChem (Oliveira
et al., 2016).
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2.10 | Statistical analysis

Statistical analyses were performed using GraphPad software (San
Diego, CA, USA). Data were expressed as the mean and standard devi-
ation, and statistical comparisons were carried out using analysis of
variance followed by a Tukey post-test. The level of significance was
identified as P < 0.05.

3 | RESULTS AND DISCUSSION

3.1 | Potential antioxidant of the extracts

The antioxidant potential of Citrus was already evaluated by several
studies (Ademosun et al., 2015; Castro-Vasquez et al., 2016; Dulay
& De Castro, 2016; Guimaraes et al., 2010; Jayaprakasha et al.,
2008a; Jayaprakasha et al, 2008b; Kelebek, 2010; Klangpetch,
Phromsurin, Hannarong, Wichaphon, & Rungchang, 2016), but no
study was performed with the different extracts obtained from the
new C. maxima.

As described by Jayprakasha et al. (2008b), the use of solvents
with different physicochemical properties are useful in obtaining a
wide range of compounds that could be responsible for the antioxi-
dant activity. Among the solvents used, ethyl acetate, methanol, and
acetone seem to be the best for extracting antioxidants, as demon-
strated by the results of the DPPH assay (Table 1), and other assays,
in which the peel extracts prepared with ethyl acetate and methanol,
reached significantly (P < 0.05) better results that the ones with pulps.
These results obtained for C. maxima are in agreement with the ones
from different species of Citrus (Jayaprakasha et al., 2008b;
Klangpetch et al., 2016; Wang et al., 2015).

The high antioxidant activity may be related to the ability of ethyl
acetate to extract polar limonoids, flavonoids, aglycones, and gluco-
sides (Jayaprakasha et al., 2008b). For instance, Klangpetch et al.
(2016) found that the ethyl acetate peel extract of kaffir lime pos-
sesses high levels polyphenols and also antioxidant and antimicrobial
potential and then investigated it in prolonging the shelf life of raw
chicken drumettes. As Wang et al. (2015) identified allelochemicals
with algicidal activity from the ethyl acetate extracts of Citrus peel,
including shaddock peel. Benavente-Garcia et al. (1997) reviewing

about flavonoids, mentioned that several biological properties such

as anticarcinogenic, cardiovascular, and antimicrobial of these sub-
stances are related to their antioxidant activity.

As presented in Table 1, in the DPPH assay, ethyl acetate, metha-
nol, and acetone extracts presented lower IC5q values (298.3 + 2.6,
303.8 £ 0.4, and 316.7 + 7.7 ug/ml, respectively) compared with other
tested extracts. As for the ABTS scavenging activity (Table 1), ICsq
values revealed that not only ethyl acetate and methanol extracts
exhibited the best antioxidant activity but also the methanol:water
(80:20), with ICsq values of 298.2 + 0.6, 2964 + 2.5, and
264.1 £ 0.4 pg/ml, respectively. And the ethyl acetate, ethanol, and
acetone extracts exhibited the best ferric reducing antioxidant power
determined by the FRAP assay. As demonstrated in all assays per-
formed, the ethyl acetate extract is considered the most promising
extract.

The differences shown in the antioxidant values obtained may
denote a consequence of the relationship between solvent polarity
and antioxidant structure and are consistent with data reported for
other citrus varieties subjected to comparable extractions (Klangpetch
et al., 2016). These data add valuable information to knowledge of the
antioxidant capacity of toranja peels.

Most of the antioxidant compounds that have a chelating action
on ABTS radicals were extracted also with methanol:water (80:20)
and methanol (Table 1). MeOH and MeOH: water (80:20) may be used
for the extraction of medium-polar and polar compounds such as agly-
cones and glucosides of flavonoids, limonoids, ascorbic acid, and
sugars (Jayaprakasha et al., 2008a).

As for the reduction of iron (Fe3*) in FRAP assay, the most reac-
tive extracts were ethyl acetate and ethanol in peels, a result that is
consistent with the ones found by Toh et al. (2013) where it was asso-
ciated that the antioxidant activity is related not only with flavonoids
but also with organic acid such as ascorbic.

These results are potentially important because they imply that
toranja peels are a greater source of antioxidants than the interior sec-
tion (juice), which is in agreement with other studies (Ademosun et al.,
2015; Toh et al., 2013). And also indicated is that the compounds
involved in defense reactions of the citrus fruit are found in greater
amounts in the superficial layer; therefore, the antioxidant activity
should be related to the part in the fruit where protection against lipid
oxidation is needed. This is consistent with a model that exhibits major

differences in distribution among different tissues in the citrus fruit.

TABLE 1 In vitro antioxidant activity of Citrus maxima extracts determined by ferric reducing antioxidant power (FRAP), and DPPH and ABTS

radical-scavenging assays

C. maxima samples

Origin Solvents used for extraction

Peel Hexane
Ethyl acetate
Acetone
Ethanol
Methanol
Methanol:water (80:20)
Juice Methanol

Quercetin

DPPH ABTS FRAP
ICs0 (ng/ml) ICs0 (ug/ml) ICs0 (ng/ml)
>500 4550 + 5.3 396.3 + 5.1°
298.3 + 2.6° 298.2 + 6.4° 234.6 + 1.8°
3167 +7.72 406.5 * 5.6 313.7 £ 0. 7°9¢
381.3+8.8° 381.2 + 3.0¢ 269.2 + 0.7°%
303.8 £ 0.4° 296.4 + 2.5 398.1 + 3.8°
346.1 + 8.6° 264.1 + 0.4 336.7 + 2.9
>500 >500 >500

3,3+0,0 5,55 + 0,0 3,59 + 0,0

Note. Different letters in the same column correspond to significant differences (P < 0.05). Tests (n = 3) were performed in triplicate and expressed as the

mean * SD.
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This is expected considering the ubiquitous citrus distribution in
nature and its ability to survive under adverse conditions, including
high temperatures and UV light. The results presented here prove
the model. Thus, the citrus flavedo would tend to accumulate antiox-
idants and antimicrobial compounds to help protect internal tissues
of the fruit itself against oxidation, resistance to microorganisms, and
insect pests.

Citrus peel is clearly a useful resource containing important phys-
iologically functional substances that give us a variety of possibilities
to develop. There are several studies suggesting that the bioactive
compounds in citrus peels can be used as a nutraceutical or as a func-
tional food. According to Castro-Vasquez et al. (2016), grapefruit peel

wastes are a natural source of bioactive flavonoids, mostly naringin,

which could be incorporated as food ingredients or as therapeutic
agents used as a part of pharmacological strategies.

The peels of citrus fruits are actually byproducts generated on a
daily basis by juice extraction or the fresh-cut ready-for-consump-
tion (minimal processing) industries, and large amounts of waste
materials are generated. Domestically, citrus peels have been proc-
essed into candies and are consumed in some American homes or
taken as infusion drinks in Asia (Ademosun et al., 2015). However,
these byproducts of the juice extraction industry could be used as
sources of natural antioxidants (Guimaraes et al., 2010; Klangpetch
et al., 2016).

Quercetin was used as a reference in the assays because it repre-

sents one of the major phenolic compounds found in citrus peels

TABLE 2 Induction of quinone reductase in Hepalclc? cells by Citrus maxima extracts
C. maxima samples Induction
Origin Solvents used for extraction ratio®
Peel Hexane 3.0+0.78
Ethyl acetate 2.0+0.31
Acetone 1.5+£03
Ethanol 1.4 +0.07
Methanol 1.3+0.14
Methanol:water (80:20) 1.2 +0.01
Juice Methanol 0.71 + 0.08

Note. Results are means + SD (n = 3).

?Induction ratio was determined by calculating the average specific activity versus specific activity of the control.

PMean value of the half-maximal inhibitory concentration of cell viability.

“Mean value of the concentration required to double the specific activity of quinone reductase.

dChemopreventive index: ratio between ICso and CD.

295.04

273.06

371.11
339.20
197.77 25505

20 25 30 35

FIGURE 1

% Survival ICs0® (ug/ml) CD€ (ug/ml) cre
952 +8.1 >20 13.13 £ 0.74 >1.5
93.6 + 1.8 >20 3.07 + 1.07 >6.5
84.1 + 16.7
83.9 + 5.8
90.6 + 9.6
959 +9.2
109,4 + 7,89
OH
0 " 57917
(0] O
HO O (@) OH
O © [C27H31014—
HO OH H+]
OH
Narin
579. 579. 579. m/
471.09
45 50 55 60 ml

ESI(-)FT-ICR MS spectrum of the ethyl acetate extract of Citrus maxima peels [Colour figure can be viewed at wileyonlinelibrary.com]
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(Ademosun et al., 2015), and it has been reported that it can modulate
Phase Il metabolism inducing QR (Chen & Blumberg, 2008). Quercetin
inhibited DPPH by 69.7 + 2.59% at the minimum concentration tested
(0.001 mM).

3.2 | Cancer chemopreventive activity of the
extracts

In an attempt to determine the biological aspects of the different
toranja peel extracts as a source of cancer chemopreventive sub-
stances, the effect on QR1 activity was examined. As discussed in
the antioxidant evaluation, it was analyzed if the solvent chosen for
extraction will affect presence of the constituents in these extracts.
And to be considered a potential chemopreventive agent, the extracts
should not have a cytotoxic effect, so the cytotoxicity of the extracts
was evaluated (Table 2). Citrus maxima peels did not show cytotoxicity.

In all the extracts tested in the QR induction assay (Table 2), the IR
of QR activity for the hexane and ethyl acetate extracts was higher than
2.0, and thus, these extracts were considered true activators of QR1.

A plot of the ratio of IR as a function of the extract inducer con-
centration allowed the determination of the extract concentration,
which causes double induction (CD; Table 2). A Cl was then obtained
by dividing the ICsq (concentration for 50% inhibition of cell viability)
values by the respective CD values as indicated by Kang and Pezzuto
(2004). CD values were determined through a dose-response assay
for active extracts. Table 2 shows the effect of the hexane and ethyl
acetate extracts (IR > 2) on the QR activity. These extracts presented
CD values of 13.13 and 3.07 pg/ml, respectively. Therefore, ethyl ace-
tate extracts yielded a Cl higher than 6.5.

The QR in vitro assay was used as a biomarker to evaluate the
ability of the extract to act as an inducer of Phase |l metabolic activity.
The induction of QR activity in murine hepatoma Hepalcilc7 cells is a
well-defined and important tool for the screening of novel phyto-
chemicals with chemopreventive potential (Kang & Pezzuto, 2004;
Prochaska & Santamaria, 1988). It is well established that induction
of QR can offer protection against toxic and reactive chemical species
(Cuendet et al., 2006). Therefore, the results presented indicate that
toranja peel has a potential use for cancer prevention, and its con-
sumption should be incentivized included as ingredient of juice, for

example.

3.3 | Chemical profile of ethyl acetate and hexane
peel extracts

Among the several extracts obtained by the different organic solvents,
many seemed to possess chemical compounds with chemopreventive
and antioxidant potential. The ethyl acetate extract was shown to
have a higher Cl than the hexane extract and was also the most active
in scavenging radicals in all antioxidant assays. In order to better
understand these biological characteristics, the chemical profile of
the ethyl acetate extract was obtained by ESI(-)-FT-ICR MS analysis,
as demonstrated in Figure 1. The compounds detected are reported in
Table 3 and are compared with those presented in the literature. And
several of the flavonoids identified in toranja are consistent with

others varieties of citrus (Zhang et al., 2014).

Due to its ultrahigh mass accuracy (mass deviations lower than
1 ppm), elemental composition (C.H,N,,O,S,), isotopologue profile, and
the double bond equivalent, ESI(-)-FT-ICR MS ensures the identification
of heteroatom species as well as their degree of aromaticity, as shown in
Table 3. ESI(-) promoted the detection of molecules via a deprotonation
mechanism (production of [M-H]™ ions). The generation of these
deprotonated molecules depends on factors that include their acid-base
and chemical properties, such as solubility and polarity (availability of
protonation sites). However, for a complete chemical characterization,
the collision-induced dissociation experiments and nuclear magnetic
resonance spectroscopy analyses will be necessary for each analyte.

In an attempt to isolate a chemopreventive compound present in
toranja peel, it should be expected that the compound may occur in
low concentrations and even as a complex mixture. Thus, our first
objective was to select an organic solvent fraction that could effec-
tively extract the QR inducer and at least partially avoid the interfer-
ence of other substances present in toranja peel. Extracts prepared
with ethyl acetate gave the strongest CI.

So in conclusion, the Toranja ‘Burarama’ peels have the potential
for cancer chemoprevention, as illustrated through the induction of
QR. And among all the extracts tested, the ethyl acetate extract of
C. maxima peel presented not only antioxidant potential as also the
highest Cl. Those properties can be related to the several compounds
detected in this extract that are also present in other Citrus. However,
future research is needed to clarify and elucidate the mechanism of
the action of these compounds. Toranja “Burarama” peel wastes
appear as a promising natural source of valuable bioactive compo-
nents for use in the development of new products. And health profes-
sionals and consumers should be educated regarding the benefits of
this food, where an adequate intake of citrus fruit peels may induce
Phase Il enzymes in the body, with potential benefits in chemopreven-
tion of cancer. Further in vivo studies are needed to determine the

molecular mechanisms of antioxidant and chemopreventive activities.
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