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Methanol extracts of seven edible fruits found in southern Brazil: Garcinia achachairu, Rubus imperialis, Rubus
rosaefolius, Solanum quitoense, Solanum sessiliflorun, Diospyros inconstans and Plinia glomerata, were evaluated for
their total phenol content and antioxidant activity in different 7z vitro free radical scavenging models. In addition,
studies were performed on cell viability of extracts of the seeds of G. achachairu against murine melanoma cells.
The fruits peel and seeds of G. achachairu were very promising in terms of total phenol content (data in gallic acid
equivalent per gram), as assessed by the Folin-Ciocalteu method, with values 0f 9.70+3.2 and 8.40=1.1, respectively.
On the other hand, antioxidant activity using the 2,2-diphenyl-1-picrylhydrazyl scavenging assay showed that the
fruit pulp and peel of P glomerata presented the best profile, with values of the 16.3+1.8 and 15.9+2.4 pg/ml,
respectively. Regarding the cytotoxic effect of methanol extract and guttiferone A from G. achachairu, we have
observed that both inhibit the growth of B16F10 tumor cells, with calculated IC,, values of 49.622.1 mg/ml and

48.6x5.4 mM, respectively.
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Medicinal plants are very important for the
pharmaceutical industry, considering that they are
a resource for the development of drugs such as
phytomedicines and phytopharmaceutics, and also as
prototypes for the synthesis of new drugs!'?l. Among
the various classes of naturally occurring antioxidants,
phenolic compounds are the most widely studied.
The plants studied are used in popular folk medicine
due to their different therapeutic properties; however,
there have been very few studies in the literature
regarding their antioxidant effects or other therapeutic
properties. In this work, we evaluated the chemical
profile by thin layer chromatography and antioxidant
effects of methanol extracts of some edible fruits
found in southern Brazil as well as the cell viability
of extract of the seeds of Garcinia achachairu against
murine melanoma cells. The genus Garcinia is known
to contain a wide variety of compounds, which show
a wide range of biological and pharmacological
properties, e.g., antioxidant, antiinflammatory,
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antimicrobial and cytotoxic activities®®. In Brazil,
Garcinia achachairu Rusby is popularly known
as “achachairu” and is used in folk medicine to
treat rheumatism, inflammation, pain and gastric
disorders!#,

We investigated the antinociceptive, genotoxic and
gastroprotector potential of the methanol extract
and of a pure compound using classical models
including Guttiferone A% Solanum sessiliflorun
(Solanaceae) is known as “manna”, “manna-cubiu”,
and “Indian tomato”. It is originally from Western
Amazonia and has been used in folk medicine to

control hypercholesterolemia, uric acid, hypertension,
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and depression, which are attributed to high levels
of niacin!'”, Previous studies shown antioxidant
activity and antimicrobial effect against Helicobacter
pylori"™2. R, imperialis is a shrub found in southern
Brazil, popularly known as “amora branca” or
“amora do mato” and used in folk medicine to treat
several diseases such as diabetes, inflammation and
pain!l. Previous studies have shown significant
antimicrobial and analgesic properties, and that
the triterpene niga-ichigoside F1 isolated from
aerial parts is responsible, at least in part, for the
antinociceptive action. The probable mechanism of
action is related to the dopaminergic, glutamatergic,
and cholinergic pathways, besides involving the
tachykininergic and oxinitrergic pathways, but it
does not involve the participation of the opioid
system!'*13! Rubus rosaefolius is a shrub with white
flowers and red berries, also known as “amora
vermelha”. In folk medicine, the leaves are used
to relieve menstrual cramps and diarrhea, and their
fruit, if consumed in large quantities, has laxative
action!®l. A study of the aerial parts indicated
the presence of pentacyclic triterpenes such as
tormentic acid and 28-O-methoxytormentic acid,
along with three steroids. Specific assays showed
significant antinociceptive effects, mainly against
pain of inflammatory origin, with higher inhibition
values when compared to clinically used drugs!”.
P glomerata belongs to the Myrtaceae family and is
known as “jabuticaba amarela”. Many of its species
have antidiabetic, antimicrobial, antirheumatic, diuretic
and digestive system regulation activity!'®-2%,

The results obtained by our research group revealed
relevant antimicrobial activity against Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa
and Burkholderia cepacia, including a potent
analgesic action that was related to the presence of
phenolic compounds?!22],

MATERIALS AND METHODS

Gallic acid was acquired from Sigma Chemical
Co., St. Louis, MO, USA. Folin-Ciocalteau reagent,
ammonium iron (II) sulfate, butanol, methanol,
hydrochloric acid (HCI), diethyl ether, ethyl acetate,
anhydrous sodium sulfate, acetic acid and acetonitrile
were purchased from Merck (Darmstadt, Germany).
All reagents were of analytical grade or higher.
The fruits of R. imperialis and R. rosaefolius were
collected at Sdo Sebastido in Treze de Maio-SC;
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fruits of G. achachairu in Camboriu-SC; and fruits
of P. glomerata, D. inconstans, S. sessiliflorum and
S. quitoense were obtained from Epagri (Santa Catarina
State Agricultural Research and Rural Extension
Agency), Itajai-SC. All the species were identified at
Vale do Itajai University, and the respective exsiccates
were registered (R. imperialis, R. rosaefolius, P.
glomerata, D. inconstans, S. sessiliflorum and S.
quitoense: VC-Filho 012, 035, 052, 053, 054 and 055,
G. achachairu: HBR 52637) and deposited at the
Barbosa Rodrigues Herbarium in Itajai-SC. The fruits
were macerated with methanol for seven days and the
solvent was changed, to renew the extractor liquid and
exhaust the plant drug. After the maceration process the
solvent was evaporated in a rotatory evaporator under
reduced pressure at 50° and placed in an appropriate
desiccator container to obtain constant weight. The
extracts obtained were named of crude methanol extract
(CME).

Preliminary phytochemical analysis:

Aliquot of CME and fractions soluble in chloroform
were used to evaluate the chemical composition by
thin layer chromatography (TLC). The following
solvent systems were used, hexane:ethyl acetate
(7:3) and chloroform:methanol (7:3), and they were
revealed with the following specific reagents, Sulfuric
anisaldehyde for steroids, terpenoids and glycosides
compounds. Different standard solutions of steroids,
terpenoids and sugars were used for the purposes of
comparison.

Gas chromatography-mass spectrometry analysis:

Gas chromatography-mass spectrometry analysis
(GC-MS) analysis was carried out using a Shimadzu
Gas Chromatograph (Model QP-2010S series)
equipped with an AOC20i injector and a fused
silica capillary column-TRX-1 (30 m x 0.25 mm),
film thickness 0.1 um. The injector temperature was
maintained at 300° and the oven temperature started
at 80°, maintained for 1 min. then the heat rate was
increased by 25°/min to 210°. It was then raised by
15°/min until it reached 290°, finalizing by increasing
the heat rate once again by 12°/min to 310° for
a holding time of 10 min. Helium gas (99.999%)
was used as carrier gas, at a constant flow rate of
0.80 ml/min. Samples of 2 pul of G. achachairu,
the most promising material studied, were injected
at a split ratio of 40:1. An MS transfer line was
maintained at a temperature of 250° coupled with
a mass spectrometric detector equipped with the
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NISTO8 software database. The compounds were
identified using the database of the NISTOS Library.

Total phenolic content:

The total phenolic content (TPC) was determined
by the Folin—Ciocalteau spectrophotometric method,
using gallic acid (Vetec®, 99% purity) as external
standard. For the determination, the extracts were
dissolved in ethanol and diluted in distilled water.
To 100 ml of each sample was added 1 ml of 10%
(v/v) Folin-Ciocalteu. The mixture was incubated for
5 min, and then 1 ml of 10% NaCO, was added.
The mixture was then incubated for 90 min, and
the absorbance was read at 750 nm using a UV/Vis
Spectrophotometer SP 2000 UV (Bel Photonics).
The calculation was performed through the equation
obtained by the linear regression of the calibration
curve and the result was expressed in mg gallic acid
for g of dry extract.

Evaluation of the 2,2-diphenyl-1-picrylhydrazyl
radical scavenging capacity:

The DPPH radical scavenging activity of methanol
extracts and guttiferone A were performed using the
standard protocols reported earlier®!. All the extracts
and guttiferone A were diluted in ethanol to make
1-300 mg/ml dilutions. Two milliliter of each dilution
was mixed with 1 ml of DPPH solution (0.004% in
ethanol) and mixed thoroughly. After homogenization,
the mixture was incubated at room temperature for
30 min. Absorbance was measured at 517 nm using a
UV/Vis spectrophotometer. All the experiments were
performed in triplicate at each concentration. The
percentage scavenging of DPPH % by the extracts
was calculated according to the following formula:
DPPH=[(A-BA)x100]/C, where: A: Absorbance of
the samples (with DPPH); BA: Absorbance of the
blank samples (without DPPH) and C: Absorbance
of the negative control (100% of DPPH). The radical
scavenging activity was compared with vitamins C
and trolox (analogous to the vitamin E), using the
standard curve.

Evaluation of the ABTS radical scavenging
capacity:

The antioxidant activity of extracts and guttiferone A
was assessed by the reducing activity of 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
radical, a product of the reaction between ABTS
(7 mM) and potassium persulfate (2.45 mM) after
incubation for 12 h at room temperature, in the
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dark, with agitation according to the methodology
described by Re and Co-workers®. All the extracts
and guttiferone A were dissolved with ethanol and
diluted appropriately with water. One milliliter
of test sample was mixed with 3 ml of ABTS
solution and incubated at room temperature for
6 min. The ABTS radical reduction was monitored
spectrophotometrically at 734 nm. The samples
were compared with vitamins C and E and all were
analyzed under the same conditions.

Evaluation of the antioxidant activity by the
oxygen radical absorption capacity method:

The experiment was carried out in a 96-well
plate, as described by Poblete ef a/., with minor
modifications!®!. Fifty microliter of a fluorescein
solution (80 nM), 50 pl of the tested samples
or 50 pl of sodium phosphate buffer 75 mM
(pH 7.4) were added to the control wells, which
were incubated at 37° for 15 min, then 100 pl
of APPH (200 mM) was added. The antioxidant
activity was kinetically monitored every 2 min
for 80 min in a micro-plate reader at 485 nm and
528 nm. The antioxidant activity was expressed as
the area under curve in the presence of the integrated
fluorescence over time (t: Initial time e t: Final time)
using the software program GraphPad Prisma®.
The procedures were carried out in triplicate, and
the results expressed in oxygen radical absorption
capacity (ORAC) and millimolar unit equivalents
of trolox/g.ml!' of extract (mM TE/g.ml' of
extract). ORAC=(AUC-AUC°®)xfx(reference)/
(AUC ;. ....-AUC®), where: AUC=Area under curve
in the presence of the tested infusions, integrated
between time zero and 80 min; AUC°=Area under
curve for the control (blank); AUC ,  =Area under
curve for the reference compound (Trolox; 25 mM);
f=dilution factor, equal to the ratio between the total
volume of AAPH-FL solution and the added infusion
volume; (reference)=Trolox milimolar concentration.
This formula provides ORAC values in terms of the
reference mmolar equivalents.

Cell culture:

The tumoral cells (B16F10 — murine melanoma) were
obtained from the Cell Bank of Rio de Janeiro State,
Brazil. The cells were maintained in culture medium
containing DMEM (Dulbecco’s Modified Eagle’s
Medium), supplemented with 10% fetal bovine serum,
100 U/ml of penicillin, 100 pg/ml of streptomycin,
50 pg/ml of amphotericin B, and10 mM HEPES
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(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) in
pH 7.4, at 37° with 5% of CO,. The number of living
cells was evaluated by the Trypan blue method®" and
the cell count were performed in a Neubauer chamber.

Cell treatment:

The samples were dissolved in DMSO and diluted in
culture medium in order to form the concentrations in
the experiments (30-100 mg/ml for methanol extracts
and 30-100 mM for guttiferone A). The cells (3x10%)
were incubated with samples in 96-well plates at
different times. Cells that did not receive any kind
of treatment, as well as those that received DMSO
(0.1%) to dissolve the extracts, were used as controls.

Cellular viability assay:

Cell  viability was  analyzed by the
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay (MTT) as described by Mosmann!?".,
After the incubation time, the culture medium was
removed and a new medium was added containing
the MTT (0.25 pg/ul) followed by incubation for
2 h at 37°. The formazan precipitate was dissolved
in (DMSO) and read with an ELISA micro-plate at
540 nm to establish the concentration response curves.

Statistical analysis:

The results were expressed as mean+standard
deviation of the mean. The arithmetic means was
compared using analysis of variance (ANOVA) and
Tukey’s test, using the software programs GrahPad
Prisma 4.0 and Instat®. Values of 5% probability
significance level (P<0.05) were considered.

RESULTS AND DISCUSSION

Commonly, in plant extracts that present antioxidant
activity, phenolic derivatives are the substance
responsible for the effect found, and it is emphasized
that their reductive properties depend on the
chemical structure, playing an important role in
the neutralization or sequestration of free radicals
as well as transition metal chelating, acting as a
starting point during the propagation stage of the
oxidative process!?!. The antioxidant efficiency of
bioactive compounds of plant origin depends on
structure and concentration. However, the amount
of these substances may be influenced by genetic
factors, environmental conditions, degree of ripeness,
plant variety, among others. With regard to the
extractive solvent, methanol, to extract high amount
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of bioactive compounds, it has been indicated as
the most effective® As part of the investigations to
obtain compounds with biological potential from some
plants adapted to our region, methanol extracts from
edible fruits of seven species were investigated.

To the best of our knowledge, the TPC, antioxidant
properties and preliminary phytochemical analysis
by different chromatographic methods are being
performed for the first time. Phytochemical analysis
of methanol extract evidenced that sugars are
the main compounds in all the studied samples.
The presence of these compounds was confirmed
by Co-TLC using standard samples of fructose,
maltose and sucrose. Parallel studies showed the
presence of considerable amount of flavonoids
only in G. achachairu seeds, P. glomerata and D.
inconstans when revealed with ferric chloride. On
the other hand, some fatty acids and steroids were
observed mainly in the soluble chloroform fraction
of G. achachairu seeds, which was confirmed by gas
chromatography mass spectrometry (fig. 1). Phenolic
compounds are commonly found in plant extracts and
attributed to antioxidant action. They act primarily
by reducing properties dependent on their chemical
structure mainly due to the presence of hydroxyl
groups. This property plays an important role in the
neutralization or sequestration of free radicals and
the chelation of transition metals, acting both in the
initiation and propagation step oxidative process.
Total phenolic assay using Folin-Ciocalteu reagent
is a simple and reproductive method and with this
purpose it was used in this work. The results of TPC
values per g of extract are shown in Table 1. As
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T
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Fig.1: GCMS profile of soluble chloroform fraction of G. achachairu.
Chromatographic profile of soluble chloroform fraction of
G. achachairu using gas chromatography mass coupled spectrometry
(GCMS). 1: o-Dihydroxybenzene, 2: palmitic acid methyl ester,
3: palmitic acid, 4: cis-vaccenic acid methyl ester, 5: 12-octadecenoic
acid methylester, 6: stearic acid methyl ester, 7: palmitin, 2-mono,
8: olein, 1-mono, 9: stearin, 1-mono, 10: B-sitosterol, 11: y-sitosterol.
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we observed, the values decreased in the following
order: Fruits, peel and seeds of G. achachairu
(9.70 and 8.40 mg GAE/g); D. inconstans seeds
(9.30 mg GAE/g), P. glomerata pulp and fruit
peel (8.90 and 8.30), S. quitoense fruit peel (8.80),
R. imperialis whole fruits (8.10 mg GAE/g); R.
rosaefolius whole fruits (5.40 mg GAE/g), and
S. sessiliflorum fruit peel (4.20 mg GAE/g).
However, the antioxidant activity using the DPPH
scavenging assay did not follow the same order,
with values of fruit peel and seeds for G. achachairu
(92.949.1 and 27.043.2 pg/ml); D. inconstans seeds
(164.4£8.9 pg/ml, P. glomerata pulp and fruit
peel (16.3£1.8 and 15.9+2.4 pg/ml), S. quitoense
fruit peel (134.6+3.7 ug/ml), R. imperialis whole
fruits (24.0+£1.2 pg/ml); R. rosaefolius whole fruits
(291.7£4.2 png/ml), and S. sessiliflorum fruit peel
(313.3+1.2 pug/ml). Multivariate analysis did not
show any correlation between TPC and antioxidant
activity by DPPH (r=0.58) and ABTS (r=0.38) assays,
which indicates that other compounds may contribute
significantly to antioxidant activity3®3!,

The most promising results were found for the
P. glomerata and G. achachairu seeds, which showed
activity that was statistically similar to the positive
controls Trolox and vitamin. Celli et al., studied
the antioxidant activity of the fruit extract of two
varieties of Eugenia uniflora L. (red and purple). For
both varieties, the best antioxidant activity was the
immature stage (extracts sequestered 75 % DPPH)P2,

The above mentioned study demonstrates that the
concentration of secondary metabolites appears to

be greatest during the development of the fruit,
since most of these metabolites are responsible for
the defense role, whereas in the maturation stage,
there is an increase in the concentration of sugars
as reported in our resultsP?. Considering that the
G. achachairu and P. glomerata extracts showed
the most promising results, the ORAC assay was
used. The ORAC combines time and the percent
of inhibition of the action of the radical by the
antioxidant, which is the method that measures
the radicals generated and uses the area under the
curve (AUC) for quantification, instead of the “lag
phase” used by other methods®*. As shown in
fig. 2, the AUC of the control (AAPH+fluorescein)
was 226.975 while the AUC extract at the highest
concentration tested (75 mg/ml) was 2.03x10°
(1550.3 mM TE/g.ml"). Fig. 3 shows the decay
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Fig. 2: Decay curve of fluorescence intensity of methanol extract from
seeds of G. achachairu.

Decay curve of fluorescence intensity of fluorescein in the presence
of methanol extract from seeds of G. achachairu. m positive control,
A 5 pg/ml, V20 ug/ml, ¢ 35 pg/ml, @ 50 ug/ml, o 75 pg/ml.

TABLE 1: ANTIOXIDANT ACTIVITIES AND TOTAL PHENOLIC CONTENT IN SEVEN EDIBLE FRUITS

Studied species Studied part Total phenols (mg GAE/g)

DPPH (CE, pg/ml)  ABTS (CE, pg/ml)  ORAC (mM TE/g/ml)

G. achachairu Seeds 8.4+1.12
G. achachairu Fruit peel 9.7+3.22
S. quitoense Fruit peel 8.8+2.47
R. rosaefolius Whole fruit 5.4+0.8°
R. imperialis Whole fruit 8.1+2.22
D. inconstans Seeds 9.3+1.67
S. sessiliflorun Fruit peel 4.2+0.8°
P. glomerata Pulp and seeds 8.9+1.42
P. glomerata Fruit peel 8.3+2.12
Trolox

Vitamin C

Guttiferone A

27.0+3.2° 23.28+1.43° 1550.3+3.22
92.9+9.1¢ NT NT
134.6+3.7¢ 99.71£0.1¢ NT
291.7+4.2¢ 135.52+0.2¢ NT
24.0+1.2° NT NT
164.418.9" 73.20£0.9° NT
313.3+1.2¢ NT NT
16.3+1.8° 24.8+0.7° NT
15.9+2.4° 23.54+1.22 133.4£1.2°
11.9+2.1 8.210,9 NT
6.8+1.1 6.6+1.1 NT
10.75+2.7" 8.48+1.46° 404.0+1.5¢

Values are expressed as meanzSD of three analytical replicates (n=3). Means in the same column with different superscript letters are significantly different (P<0.05),
NT: Not tested, DPPH: 2,2-diphenyl-1-picrylhydrazyl, ABTS: 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid), ORAC: oxygen radical absorption capacity,
GAE: gallic acid equivalent, SD: standard deviation, G. achachairu: Garcinia achachairu, S. quitoense: Solanum quitoense, R. rosaefolius: Rubus rosaefolius,
R. imperialis: Rubus imperialis, D. inconstans: Diospyros inconstans, S. sessiliflorun: Solanum sessiliflorun, P. glomerata: Plinia glomerata.
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of the fluorescence intensity of fluorescein
in the presence of radical AAPH and different
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Time (min)

Fig. 3: Decay curve of fluorescence intensity of methanol extract from
fruits of P. glomerata.

Decay curve of fluorescence intensity of fluorescein in the presence
of methanol extract from fruits of P. glomerata. m positive control,
A 5 pg/ml, V20 ug/ml, ¢ 35 pg/ml, @ 50 ug/ml, o 75 pg/ml.
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Fig. 4: Decay curve of fluorescence intensity of Guttiferone A.
Decay curve of fluorescence intensity of fluorescein in the presence of
Guttiferone A. m positive control, A 5pg/ml, V20 ug/ml, ¢ 35 ug/ml,
® 50 pg/ml, 0o 75 pg/ml.

concentrations of methanol extract from fruit
peel of P. glomerata. The AUC of the control
(AAPH+fluorescein) was 226.975 while the AUC
of the methanol extract at the highest concentration
tested was 1.78x10° (133.4 mM TE/g.ml"'). Based
on our previous studies on guttiferone A, the main
compound isolated from the seeds, which showed
a significant antinociceptive and antiulcerogenic
effectl>!) was also evaluated against the ORAC
assay (fig. 4). As can be observed, the AUC of
the control (AAPH+fluorescein) demonstrated a
value of 72.064 and for guttiferone A, this value
was the 356.171, which is equivalent to 404 mM
TE/g.ml" of guttiferone A. Ngouela et al. analyzed
the antioxidant activity of guttiferone A using the
free radical scavenging activity of DPPH, which
showed good radical scavenging activity with
89% inhibition®*. These data corroborate with the
results indicated here and justify, at least in part,
the activity verified for the methanol extract of
G. achachairu. We also evaluated the cytotoxic
effect of methanol extract and guttiferone A isolated
from seeds of G. achachairu. 1t was observed that
both inhibited the growth of B16F10 tumor cells
with 1C, values of 49.6+2.1 mg/ml and 48.6+5.4
mM, respectively (fig. 5). In conclusion we remark
that these fruits, particularly P. glomerata and
G. achachairu showed promising results that could
be passed on, in order to guide the people who use
these plants for this purpose.
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