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Abstract

Campomanesia xanthocarpa Berg. (Myrtaceae), also known as “guabiroba”, is widely distributed in the South and
Southern regions of Brazil and has been used by local families as folk medicine to treat several diseases. This study
aimed to evaluate the bioactive compounds of guabiroba fruits and leaves, such as flavonoids, carotenoids,
chlorophyll, total phenolics, tannins, and coumarins. The biological effect of different parts of C. xanthocarpa (leaf
and pulp) was also investigated for the immunomodulatory activity on RAW 264.7 macrophages, and anti-cancer
effects on H295R adrenocortical cells under different concentrations and extraction protocols. Extracts from
guabiroba leaves and pulp using 70% ethanol and n-hexane as a solvent by magnetic stirring, as well as ethanolic
extracts from leaves and pulp obtained by heat reflux extraction were produced. Most of the bioactive compounds
were found in the leaves rather than the fruit pulp. The in vitro assays showed that the leaf extraction with hexane
affected the viability assay in the adrenocortical cell line H295R, while the pulp extracted with hexane activated the
macrophage cell line RAW 264.7. Therefore, C. xanthocarpa leaves and pulp have proven to affect macrophage and
adrenocortical cell lines in a dose-dependent manner.

Keywords: Guabiroba; Functional foods; Anti-inflammation; Anticancer.

Resumo

Campomanesia xanthocarpa Berg. (Myrtaceae), também conhecida como “guabiroba”, ¢ amplamente distribuida nas
regides Sul e Sudeste do Brasil e tem sido utilizada por familias locais como remédio popular para o tratamento de
diversas doencas. Este trabalho teve como objetivo avaliar os compostos bioativos dos frutos e folhas da guabiroba,
como flavondides, carotendides, clorofila, fendlicos totais, taninos e cumarinas. O efeito bioldgico de diferentes partes
de C. xanthocarpa (folha e polpa) também foi investigado quanto & atividade imunomoduladora em macr6fagos RAW
264.7, e efeitos anticancerigenos em células H295R adrenocorticais sob diferentes concentragdes e protocolos de
extracdo. Extratos de folhas e polpa de guabiroba utilizando etanol 70% e n-hexano como solvente por agitacdo
magnética, bem como extratos etanolicos de folhas e polpa obtidos por extragdo por refluxo térmico foram
produzidos. A maioria dos compostos bioativos foi encontrada nas folhas e ndo na polpa do fruto. Os ensaios in vitro
mostraram que a extracao de folhas com hexano afetou o ensaio de viabilidade na linhagem de células adrenocorticais
H295R, enquanto a polpa extraida com hexano ativou a linhagem de macréfagos RAW 264,7. Portanto, as folhas e
polpa de C. xanthocarpa demonstraram afetar macré6fagos e linhagens de células adrenocorticais de maneira dose-
dependente.

Palavras-chave: Guabiroba; Alimentos funcionais; Anti-inflamac&o; Anticancer.
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Resumen

Campomanesia xanthocarpa Berg. (Myrtaceae), también conocida como “guabiroba”, estd ampliamente distribuida en
el sur y sureste de Brasil y ha sido usado por las familias locales como medicamento popular para el tratamiento de
diversas enfermedades. Este trabajo tiene como objetivo evaluar los compuestos bioactivos de los frutos y hojas de
guabiroba, tales como flavonoides, carotenoides, clorofila, fenoles totales, taninos y cumarinas. También se investig6
el efecto biologico de diferentes partes de C. xanthocarpa (hoja y pulpa) en cuanto a actividad inmunomoduladora en
macrofagos RAW 264.7 y efectos anticancerigenos en células H295R adrenocorticales bajo diferentes
concentraciones y protocolos de extraccion. Se produjeron extractos de hojas y pulpa de guabiroba utilizando etanol al
70% y n-hexano como solvente por agitacion magnética, asi como extractos etandlicos de hojas y pulpa obtenidos por
extraccion por reflujo térmico. La mayoria de los compuestos bioactivos se encontraron en las hojas y no en la pulpa
de la fruta. Los ensayos in vitro mostraron que la extraccion de hojas con hexano afectd el ensayo de viabilidad en la
linea celular adrenocortical H295R, mientras que la pulpa extraida con hexano activé el linaje de macréfagos RAW
264.7. Por lo tanto, se ha demostrado que las hojas y la pulpa de C. xanthocarpa afectan a los macréfagos y lineas de
células adrenocorticales de manera dependiente de la dosis.

Palabras clave: Guabiroba; Alimentos funcionais; Anti-inflamacion; Anticancer.

1. Introduction

It is well known that fruits and vegetables are major sources of essential nutrients such as vitamins and minerals (Rein
et al., 2013). Food-derived bioactive compounds have gained attention due to their biological effects such as anti-
inflammatory, anti-cancer, and neuroprotective properties (Neri-Numa et al., 2018). The antioxidation capacity of several
bioactive compounds can also have application in food science and technology to extend the shelf-life of food products
(Nanditha & Prabhasankar, 2009), as well as in biological science due to their protective effect against damages caused by
oxidative stress (Neha et al., 2019).

Tropical countries present a large number of native fruits with the potential to be exploited from a nutritional,
therapeutical, and commercial point of view. Although Brazilian flora is very rich in edible fruits, most of them have not been
studied or consumed by the population (Teixeira et al., 2019). The Campomanesia genus comprises about 30 species, mainly
used in folk medicine to combat and prevent diseases, including fever, diabetes, hypercholesteremia, obesity, and urinary
disturbances. Scientific studies have shown the anti-inflammatory properties of the extracts from Campomanesia velutina
(Michel et al., 2013) and Campomanesia adamantium leaves (Ferreira et al., 2013). C. xanthocarpa leaves can contribute to
reducing cholesterol levels (8), and inhibiting platelet aggregation, without demonstrating cytotoxicity. The leaves also showed
fibrinolytic activity (Klafke et al., 2010) and antioxidant activity, due to the reducing power of the phenolic group, which
reduces free radicals and produces the phenoxyl radical (M. da S. Santos et al., 2012). Antidiabetic effects were also reported
through restoration or preservation of hepatic glycogen, probably due to a possible stimulus of the extract in the release of
insulin from B cells or the insulin-mimetic effect (Vinagre et al., 2010). The leaves also exhibited anti-ulcer activity due to the
antioxidant properties of flavonoids and tannins, which protect against ulcer development in the gastric mucosa, although this
mechanism has not yet been elucidated (Markman et al., 2004).

Interestingly, most of those authors did not investigate the mechanism of action of the C. xanthocarpa extracts. More
recently, a study found that extracts from C. xanthocarpa leaves can reduce the incidence of atherosclerosis by modulating
atherosclerotic-related molecules such as CD14, ICAM-1, VCAM-1, and CD105 in the THP-1 human monocytic cell line
(Cunha et al., 2020). The positive effect of this plant on hypercholesterolemia was found to be related to the reduction in
AOPPs (Advanced Oxidation Protein Products), a biomarker of protein oxidation and an inflammatory mediator, and CRP (C
Reactive Protein) related to the decrease of endothelial nitric oxide synthase mRNA expression and bioactivity in human aortic
endothelial cells (Viecili et al., 2014). Pectin extracted from guabiroba pulp also presented an anticancer effect on U251-MG

and T98G human glioblastoma cell lines, associated with the increase in cellular ROS levels (Amaral et al., 2019).
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Guabiroba contains high contents of carbohydrates (pectin), vitamin C, and minerals (potassium, calcium, sodium,
phosphorus, iron, manganese, and zinc) (de Oliveira Raphaelli et al., 2021). The phenolic compounds found in the fruits and
leaves of guabiroba tree are related to the solvent used for extraction. Anthocyanins (cyanidin-3-O-glucoside, delphinidin-3-O-
glucoside, and pelargonidin-3,5-diglucoside), phenolic acids (caffeic acid, chlorogenic acid), and flavonoids (quercetin,
myricitrin, rutin) were also found in high concentrations in this plant (de Oliveira Raphaelli et al., 2021). Some authors
fractionated the C. xanthocarpa extracts and identified various components, including 2’,4’-dihydroxy-5’-methyl-6’-
methoxychalcone;2’,4’-dihydoxy-3’,5’-dimethyl-6’-methoxychalcone; 2’-hydroxy-3’-methyl-4’,6’-dimethoxychalcone;2’,6’-
dihydroxy-3’-methyl-4’-methoxychalcone;5-hydroxy-7-methoxy-8methylflavanone; and 7-hydroxy-5-methoxy-6-
methylflavanone (Salmazzo et al., 2019).

Although C. xanthocarpa is often used in folk medicine in some Brazilian regions, further studies are necessary to
support their potential in food and therapeutical applications. Thus, this study aimed at investigating the bioactive compounds
from C. xanthocarpa leaves and pulp, as well as their immunomodulatory and anti-cancer effects in vitro. Macrophages are
important cells involved in the inflammatory process, a condition that is commonly found in hypercholesterolemia and
diabetes. The present study on RAW 264.7 macrophage cell lines can contribute to the elucidation of the effects of C.
xanthocarpa on inflammatory processes. The investigation of the cytotoxicity effect on H295R cells, a human adrenocortical
cell line, can contribute to the search of new molecules with the potential to treat adrenocortical tumors, mainly adrenocortical
carcinoma, which is a very rare type of cancer with often poor prognosis and lack of effectiveness by the conventional
chemotherapies. Thus, these cellular studies can play an important role in the discovery of new anticancer agents and anti-

inflammatory molecules.

2. Methodology

C. xanthocarpa leaves and mature fruits were collected in the city of Laranjeiras do Sul, Parana State, Brazil, in the
geographic coordinates latitude 25° 24' 28" S and longitude 52° 24' 57" W. The fruits were stored at - 80 °C and leaves were
dried in an air circulation oven at 35°C for 37 h, and milled in a hammer mill. The extraction protocol, the chemical

determinations, and the biological assays are summarized in Figure 1.

Figure 1. Extraction, chemical determinations, and biological assays.
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The extracts were obtained using 70% ethanol or n-hexane, under magnetic agitation, as described by (de Oliveira Fernandes et al.,
2015). For that, 10 g of leaves and 20 g of pulp were mixed with 100 mL ethanol (70% v:v) or n-hexane, under magnetic stirring at 37 oC for
1 hour. Then, the samples were filtered on filter paper and this process was carried out twice. A rotary evaporator under reduced pressure
was used to obtain the crude dry extract of each sample.

For the Soxhlet extraction, 10 g of leaves and 20 g of pulp were mixed with 70% ethanol (v/v) (100 mL), maintaining reflux for 3h,
as described by Seigler (Skalicka-Wozniak & Gtowniak, 2012). After this period, the extracts were filtered and concentrated in a rotary
evaporator under reduced pressure.

All extracts were stored in Ambar flasks, protected from light, humidity, and high temperatures for later analysis. The samples were

identified as follows:

L-et (ethanolic extract of leaves by magnetic stirring)
L-hex (hexane extract of leaves by magnetic stirring)

P-et (ethanolic extract of pulp by magnetic stirring)
P- hex (hexane extract of pulp by magnetic stirring)
SL-et (ethanolic extract of leaves by Soxhlet)
SP-et (ethanolic extract of pulp by Soxhlet)

The total phenolics content was determined using the Folin-Ciocalteu reagent, as described elsewhere (Buci¢-Koji¢ et
al., 2007) with modifications. The dried extracts were diluted in the respective solvents and Folin-Ciocalteu reagent at 10%
was added. The samples were placed in 96-well microplates, and 7.5% sodium carbonate solution was added. The microplates
were incubated in the dark, for 2 hours, followed by absorbance readings at 765 nm. The total phenolics content was
determined using a gallic acid standard curve with concentrations ranging from 0 to 100 mg of GAE/L.

The chlorophyll and carotenoids contents were determined by Lichtenthaler method (Lichtenthaler, 1987). Briefly, 2
mg of each extract was homogenized in 5 mL of acetone (80% v:v). The sample was centrifuged at 1788.80 g for 10 minutes
and the supernatant was transferred and diluted in 25 mL of acetone (80%). Absorbance readings were performed at 647, 663,
and 470 nm for chlorophyll a, chlorophyll b, and total carotenoids contents, respectively. The results were expressed in ng/g of
extract.

The flavonoids content was determined using the aluminum chloride method, as described by (Zhishen et al., 1999).

The coumarin content was determined as described by Do Amaral et al. (Do Amaral, M. D. P. H et al., 2009), diluted
in methanol (80%), and absorbance readings at 275 nm. The results were expressed in ug Equivalent of Coumarin of extract
(w/w). The tannin content was determined as described by (Seigler et al., 1986), using Folin-Denis reagent, followed by the
addition of sodium carbonate solution (8%). Absorbance readings were performed at 725 nm, and the results were expressed in
ug Equivalent of Tannic Acid/g.

DPPH free radical scavenging activity was determined as described by (Brand-Williams et al., 1995) with slight
modifications. A solution of Trolox 4000 uM diluted in methanol was used for the calibration curve. The volumes were
adjusted for microplate readings at 515 nm, and the results were expressed in pg Equivalent of Trolox/g. ABTS radical
scavenging activity was determined as described by (Re et al., 1999). The extracts were diluted in a freshly prepared ABTS
solution, and the mixture was incubated at room temperature for 6 minutes. Absorbance readings were performed at 734 nm,
and the results were expressed in pg Equivalent of Trolox/g.

The H295R cell line is considered to be a good model of adrenal cortical cells. The cells were cultured in Dulbecco's
modified Eagle's (DMEM) supplemented with fetal bovine serum protein (10%) and 1 % antibiotics (streptomycin and
penicillin). MTT assay was used to evaluate the cytotoxic activity, as described elsewhere (Stockert et al., 2018). This

colorimetric method is based on the ability of the enzyme mitochondrial succinate dehydrogenase to convert the yellow water-
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soluble tetrazolium salt MTT to the purple formazan crystal, which is insoluble in water. After 3 hours of incubation at 37° C
with MTT solution (0.5 mg/mL), DMSO was added to the wells, incubated for 5 minutes, and absorbance readings were
performed at 595 nm.

The RAW 264.7 cell line, a murine macrophage cell line, was maintained in a 95% air/5% CO2 atmosphere in
Dulbecco’s modified Eagle's medium (DMEM) plus 10% (v/v) FBS (Fetal bovine serum protein) and 100 U/mL penicillin, and
100 pg/mL streptomycin. The activity of these cells was identified by phagocytosis, adhesion, and neutral red uptake.

Phagocytic activity was measured according to (Pipe et al., 1997) The cells were incubated in 96-well flat-bottomed
tissue culture plate for 1 hour at 37 °C. Then 10 pL of neutral-red-stained zymosan was added to each well. After incubation
for 30 minutes, the cells were fixed with Baker formol-calcium solution for another 30 minutes. The cells were washed twice
and centrifuged at 2501 x g for 5 minutes. The samples were solubilized in extraction solution (10 % acetic acid, and 40%
ethanol in distilled water), and absorbance readings were performed at 550 nm after 30 minutes.

The uptake of the cationic dye neutral red was used to assess the total content of the cationic vesicles of macrophages,
as described by (Pipe et al., 1997). For that, 100 pL of cell suspension was incubated for 1 hour, followed by the addition of 20
ML neutral-red at 2% in each well and incubation for 30 minutes. Then, 100 pL of the extraction solution was added and
incubated for 30 minutes at 37 °C. The absorbance readings were performed at 550 nm.

Macrophage adhesion was assayed according to (Rosen & Gordon, 1987). The cells were incubated for 1 hour at 37
°C. After incubation, the plates were washed twice with PBS, and the adherent cells were fixed with methanol. Cells were
stained with 100 puL Giemsa solution at 0.2% for 40 minutes at room temperature. The cells were washed twice with PBS and
solubilized with m 50% methanol. After 30 minutes of incubation at room temperature, the absorbance was measured at 550
nm.

Data were presented as mean + SE. Statistical analysis was performed by One-Way ANOVA, followed by a post-hoc

Tukey test, at p <0.05, using the software GraphPad Prism, version 5.0 (Graphpad Software, San Diego, California).

3. Results and Discussion

The extraction yields of the crude extracts from leaves and pulp of guabiroba plant are shown in Table 1. Higher
extraction yields were observed for the extraction with 70% ethanol, with higher percentages for the leaf extract when
compared to the pulp extract. The results showed that the majority of the bioactive compounds were detected in the leaves,
which was also observed for the antioxidant activity determined by DPPH and ABTS assays. The ethanolic extract of the
leaves presented a higher concentration of phenolic compounds and more efficient scavenging of DPPH and ABTS free
radicals. The L-hex, P-et, and P-hex extracts did not show antioxidant activity by DPPH assay, while the highest antioxidant
activity was observed for the P-hex group by the ABTS assay (Table 1).
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Table 1. Extraction yields of the crude extracts (g and %), quantification of bioactive compounds, and determination of the
antioxidant activity of Campomanesia xanthocarpa Berg.

L-et L-hex P-et P-hex SL-et SP-et

Extraction yield (g and %) 5.25 (52.5%) 0.1(15%) 4.1(20.8%) 0.3(1.5%) 0.5 (5.7%) 0.4 (3.9%)

Quantification of Bioactive Compounds

Phenolic Compounds (ug/g) 228.1+£3.77 3.61+0.2 25.71+0.51 0.1+0.01 151.1+1.81 50.35+0.77
Chlorophyll (ng/g) 33.19+0.95 88.11+1.7 12.28+1.46 7.13+0.93 34.68+3.31 16.77+£3.09
Carotenoids (ng/g) 8+0.32 16.48+0.83 7.63+0.59 5.52+0.17 6.84+0.30 8.08+0.29
Flavonoids (ug/g) 60.2+1.24 17.57+1.12 5.23+0.51 8.43+0.61 52.64+1.22 7.18+0.44
Coumarins (u1g9/9) 270.6x2.25 146.9£4.55 31.25+0.77 8.75+0.1 243.8+6.16 38.13+3.37
Tannins (ug/g) 585.2+8.48 36.74+1.42 57.8+2.01 0.24+0.2 543.619.8 67.27+2.85

Antioxidant Capacity in vitro through the free radical scavenging assay

DPPH radical 4690+100.4 76.85+1.29 79.96+1.47 95.29+1.4 4641+36.77 85.64+0.33
(umol of Trolox/g)

ABTS radical 2329+20.21 242.5+4.4 270.4x4.97 291.9+4 2462+48.89 261+3.95
(umol of Trolox/g)

Note: L-et (ethanolic extract of leaves by magnetic stirring). L —hex (hexane extract of leaves by magnetic stirring). P- et (ethanolic extract of
pulp by magnetic stirring). P- hex (hexane extract of pulp by magnetic stirring). SL-et (ethanolic extract of leaves by Soxhlet). SP-et
(ethanolic extract of pulps by Soxhlet). Source: Authors.

Several authors have reported higher concentrations of phenolic compounds in fruits of the Campomanesia family (Alves et al.,
2013; Rocha et al., 2011) when compared with the present study. Other authors also found higher concentrations of this compound in the
leaves of C. adamantium (Coutinho et al., 2008). The differences between those findings may be due to differences in territory regions,
climatic conditions, and type of solvent extraction. Chlorophyll and its derivatives have shown several biological properties, and some
authors have reported higher chlorophyll contents in the Myrtaceae family (Batista et al., 2017; Carneiro et al., 2014). Concerning the
carotenoids content, some authors found higher levels in other Myrtaceae family plants when compared to the present study (Batista et al.,
2017; Carneiro et al., 2014; M. D. S. Santos et al., 2013). The flavonoids content can also vary in different Campomanesia species (Donado-
Pestana et al., 2015; Malta et al., 2013). In turn, coumarin is considered an important bioactive compound and is usually found in guaco
leaves (de Melo & Sawaya, 2015). This compound was found in Campomanesia lineatifolia, while the present study was the first to quantify
coumarin in the Campomanesia xanthocarpa species. Bioactive compounds were found in the leaves of guabiroba tree, such as flavonoids,
tannins, triterpenoids, heterosids, anthocyanins, and saponins (Markman et al., 2004). The discrepancy between the results from other studies
may be due to seasonality, development stage, temperature, irradiation, altitude, mechanic, or pathogen stimuli, among other factors (Gobbo-
Neto & Lopes, 2007).

Several studies have shown the antioxidant activity of leaves, pulps, and seeds of Eugenia, Myrciaria, Syzygiume, and Psidium
genus, all belonging to the Myrtaceae family (Annadurai et al., 2012; Chai et al., 2018; Figueirda et al., 2013; Stewart et al., 2013; Wang et
al., 2014). High antioxidant activity was reported for the methanolic extract of C. xanthocarpa pulp (Souza et al., 2018), while Donado-
Pestana et al. (Donado-Pestana et al., 2015) correlated the antioxidant activity of ethanolic extracts of C. phae with the total phenolics
content. Interestingly Muller et al. (2011) reported no relationship between the antioxidant activity, measured by DPPH assay, and the

carotenoids content. In the present study, the leaf extracts exhibited higher antioxidant activity when compared to the pulp extracts. These
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results corroborate with the concentration of phenolic compounds found in the ethanolic extract of the leaves, which was also found in other
studies (do Amarante et al., 2017).

MTT assay allows measuring cell proliferation, cell viability, and cytotoxicity. Four extracts were tested in the H295R cell line at
concentrations of 0, 25, 50, 75, and 100 pg/mL. The results showed that only the group Leaf-hexane (Figure 2B) had a cytotoxic effect at the
concentration of 75 pg/mL, reducing cell viability at 17% when compared with the control group. The other extracts did not present

statistical differences (Figures 2A, 2C, and 2D).

Figure 2. MTT- Toxicity of extracts from C. xanthocarpa Berg against the H295R cell line (adrenal cortex tumor)
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Note: values are expressed by the percentage of cell viability. L-et (A), L-hex (B), P-et (C), and P-hex (D). % change when compared to the
Control group (99.2 £ 4.84). Concentrations 25, 50, 75, 100 pg /mL. Data are presented as mean + standard error. Where ?p <0.05 compared
to the control and concentrations 50 and 100 pg / mL L-et (ethanolic extract of leaves by magnetic stirring). L —hex (hexane extract of leaves
by magnetic stirring). P- et (ethanolic extract of pulp by magnetic stirring). P- hex (hexane extract of pulp by magnetic stirring)

Neri-Numa et al. (Neri-Numa et al., 2013) reported no antiproliferative effect of the ethanolic extract of E. stipitata,
which is a plant from the Myrtaceae family, on several cell lines at the concentration tested. Hexane extract of the Psidium
guajava (Myrtaceae) leaves had cytotoxic effects on the OV2008 and Kasumi-1 cell lines in a dose-dependent manner (Levy &
Carley, 2012), while C. adamantium aqueous extract caused cytotoxicity dose-dependent in the Jurkat cell line (Campos et al.,
2017). Although the hexane extract of the C. xanthocarpa leaves of the present study showed a low cytotoxic effect at the
concentration of 75 pg/mL, this research is the first study to investigate the effects of C. xanthocarpa on the adrenal cell line
H295R.

Macrophage function in RAW 264.7 cell line was investigated by phagocytosis, lysosomal volume, and cell adhesion.
Phagocytosis increased by 49%, 50%, and 42%, when cells were cultured with P-hex extract at 50, 75, and 100 ug/mL,
respectively (Figure 2D). No significant differences were observed for the other extractions (3A, 3B, and 3C). An increase of
8% in lysosomal volume was observed for the extract concentration of 75 pug/mL (Figure 4D), with no effect for the other

extracts. The results of the adhesion assay showed an increase in cell adhesion of 30% and 28% for the extract concentrations
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of 25 and 75ug/mL, respectively, for the P-et group when compared to the control. The P-hex group reduced macrophage

adhesion by 33 and 40%, at 75 and 100 pg/mL, respectively (Figure 5D).

Figure 3. Phagocytic activity of the macrophage lineage (RAW 264.7) against different concentrations of C. xanthocarpa Berg
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with 70% ethanol (P-et), and Pulp extraction with n-hexane (P-hex). % change when compared to the Control group (100.5 £ 5.8). Where 2p
<0.05 compared to the control. Source: Authors.
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Figure 4. Capture of Neutral Red (Lysosomal Retention) of the macrophage lineage (RAW264.7) against different

concentrations of C. xanthocarpa Berg extracts.
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<0.05 compared to the control. Source: Authors.
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Figure 5. Adhesion of macrophages from the macrophage lineage (RAW 264.7) against different concentrations of C.
xanthocarpa Berg extracts.
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(99.5 * 4.7). Where ?p <0.05 when compared to the control and the concentration 75 pg/mL; "p <0.05 when compared to
concentration 100ug / mL, in the extract P-et (C). Source: Authors.

Macrophages are important cells of the immune system involved in pro-inflammatory and anti-inflammatory responses (Bowdish
et al., 2007). These cells also play an important role in tumor development (Coussens & Werb, 2002). Some studies have shown the
activation of macrophage phagocytosis in extracts of the Myrtaceae family and Campomanesia genus (Hmoteh et al., 2018; Park et al.,
2015). The inflammatory response depends on the expression of several inflammatory proteins such as cytokines, enzymes, receptors, and
adhesion molecules (Barnes, 1994). Some authors reported that phenolic compounds from C. phae reduced macrophage recruitment in the
adipose tissue and the expression of inflammatory markers (Donado-Pestana et al., 2015). A similar effect was observed in this study for the
effect of the P-hex extract on the macrophage cell line RAW 264.7, while the P-et extract led to an increase in macrophage adhesion for the

majority of the concentrations tested.

4. Conclusion

Higher concentrations of bioactive compounds were found in the extracts from C. xanthocarpa leaves obtained with
70% ethanol. The ethanolic extract also showed a higher antioxidant activity by DPPH and ABTS assays. Leaf extracts
obtained using hexane showed an effect on the viability of the H295R cell line, while the hexane extract of the pulp activated

the RAW 264.7 macrophage cell line, as identified by phagocytic and volume lysosomal assays. Further investigations on the
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cell lines under study are required to identify other molecules, methodologies, and concentrations.
Our results show potential of this plant in health and food industry. Nevertheless, future studies are necessary to

investigate the mechanisms of action as well as future application in food industry.

Acknowledgments

This work was financial supported by Instituto de Pesquisa Pelé Pequeno Principe; Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq); Fundacdo Araucaria; and Coordenagdo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES) [Finance code 001]. The sponsors did not play any role in study design; in the collection, analysis,
and interpretation of data; in the writing of the report; and in the decision to submit the article for publication.

The authors confirm that they have no conflicts of interest with respect to the work described in this manuscript.

References

Alves, A. M., Alves, M. S. O., Fernandes, T. de O., Naves, R. V., & Naves, M. M. V. (2013). Physical and chemical characterization, total phenolics and
antioxidant activity of the gabiroba pulp and residue. Revista Brasileira de Fruticultura. 35(3), 837-844. https://doi.org/10.1590/S0100-29452013000300021

Amaral, S. da C., Barbieri, S. F., Ruthes, A. C., Bark, J. M., Brochado Winnischofer, S. M., & Silveira, J. L. M. (2019). Cytotoxic effect of crude and purified
pectins from Campomanesia xanthocarpa Berg on human glioblastoma cells. Carbohydrate Polymers, 224(August), 115140.
https://doi.org/10.1016/j.carbpol.2019.115140

Annadurai, G., Masilla, B., Jothiramshekar, S., Palanisami, E., Puthiyapurayil, S., & Parida, A. (2012). Antimicrobial, antioxidant, anticancer activities of
Syzygium caryophyllatum (L.) Alston. International Journal of Green Pharmacy. 6, 285-288. https://doi.org/10.4103/0973-8258.108210

Barnes, P. J. (1994). Cytokines as mediators of chronic asthma. American Journal of Respiratory and Critical Care Medicine. 150, S42-49.
https://doi.org/10.1164/ajrccm/150.5_pt_2.s42

Batista, A. G., da Silva, J. K., Betim Cazarin, C. B., Biasoto, A. C. T., Sawaya, A. C. H. F., Prado, M. A., & Maréstica Janior, M. R. (2017). Red-jambo
(Syzygium malaccense): Bioactive compounds in fruits and leaves. LWT - Food Science and Technology. 76(B), 284-291.
https://doi.org/10.1016/j.lwt.2016.05.013

Bowdish, D. M. E., Loffredo, M. S., Mukhopadhyay, S., Mantovani, A., & Gordon, S. (2007). Macrophage receptors implicated in the “adaptive” form of
innate immunity. Microbes and Infection. 9(14-15), 1680-1687. https://doi.org/10.1016/j.micinf.2007.09.002

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a free radical method to evaluate antioxidant activity. In LWT - Food Science and
Technology. 28(1), 25-30. https://doi.org/10.1016/S0023-6438(95)80008-5

Buci¢-Koji¢, A., Planini¢, M., Tomas, S., Bili¢, M., & Veli¢, D. (2007). Study of solid-liquid extraction kinetics of total polyphenols from grape seeds.
Journal of Food Engineering. 81(1), 236-242. https://doi.org/10.1016/j.jfoodeng.2006.10.027

Campos, J. F., de Toledo Espindola, P. P., Torquato, H. F. V., Vital, W. D., Justo, G. Z., Silva, D. B., Carollo, C. A., Souza, K. de P., Paredes-Gamero, E. J., &
dos Santos, E. L. (2017). Leaf and root extracts from Campomanesia adamantium (Myrtaceae) promote apoptotic death of leukemic cells via activation of
intracellular calcium and caspase-3. Frontiers in Pharmacology. 8, 466. https://doi.org/10.3389/fphar.2017.00466

Carneiro, R. G. S., Castro, A. C., & lsaias, R. M. S. (2014). Unique histochemical gradients in a photosynthesis-deficient plant gall. South African Journal of
Botany. 92, 97-104. https://doi.org/10.1016/j.5ajb.2014.02.011

Chai, J., Jiang, P., Wang, P., Jiang, Y., Li, D., Bao, W., Liu, B., Liu, B., Zhao, L., Norde, W., Yuan, Q., Ren, F., & Li, Y. (2018). The intelligent delivery
systems for bioactive compounds in foods: Physicochemical and physiological conditions, absorption mechanisms, obstacles and responsive strategies. Trends
in Food Science and Technology, 78(June), 144-154. https://doi.org/10.1016/j.tifs.2018.06.003

Coussens, L. M., & Werb, Z. (2002). Inflammation and cancer. In Nature. 420(6917), 860-867. https://doi.org/10.1038/nature01322
Coutinho, I. D., Coelho, R. G., Kataoka, V. M. F., Honda, N. K., Silva, J. R. M., Vilegas, W., & Cardoso, C. A. L. (2008). Determination of phenolic
compounds and evaluation of antioxidant capacity of Campomanesia adamantium leaves. Ecletica Quimica. 33, 53-60. https://doi.org/10.1590/S0100-

46702008000400007

Cunha, E. B. B., DA SILVA, N. F., de Lima, J., Serrato, J. A., Aita, C. A. M., & Herai, R. H. (2020). Leaf extracts of campomanesia xanthocarpa positively
regulates atherosclerotic-related protein expression. Anais Da Academia Brasileira de Ciencias, 92(4), 1-13. https://doi.org/10.1590/0001-3765202020191486

de Melo, L. V., & Sawaya, A. C. H. F. (2015). UHPLC-MS quantification of coumarin and chlorogenic acid in extracts of the medicinal plants known as
guaco (Mikania glomerata and mikania laevigata). Brazilian Journal of Pharmacognosy. 25, 105-110. https://doi.org/10.1016/j.bjp.2015.02.005

de Oliveira Fernandes, T., de Avila, R. 1., de Moura, S. S., de Almeida Ribeiro, G., Naves, M. M. V., & Valadares, M. C. (2015). Campomanesia adamantium

(Myrtaceae)  fruits  protect HEPG2 cells against carbon  tetrachloride-induced  toxicity.  Toxicology = Reports. 2,  184-193.
https://doi.org/10.1016/j.toxrep.2014.11.018

11


http://dx.doi.org/10.33448/rsd-v11i9.31561

Research, Society and Development, v. 11, n. 9, e30011931561, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i9.31561

de Oliveira Raphaelli, C., Pereira, E. dos S., Camargo, T. M., Ribeiro, J. A., Pereira, M. C., Vinholes, J., Dalmazo, G. O., Vizzotto, M., & Nora, L. (2021).
Biological activity and chemical composition of fruits, seeds and leaves of guabirobeira (Campomanesia xanthocarpa O. Berg — Myrtaceae): A review. Food
Bioscience, 40(July 2020). https://doi.org/10.1016/j.fbio.2021.100899

Do Amaral, M. D. P. H., Piresvieira, F., Leite, M. N., Do Amaral, L. H., Pinheiro, L. C., Fonseca, B. G., Pereira, M. C. S., & Varejdo, E. V. (2009). Coumarin
content of guaco syrup stored at different temperatures [Determinagéo do teor de cumarina no xarope de guaco armazenado em diferentes temperaturas].
Brazilian Journal of Pharmacognosy.19(2B), 607-611.

do Amarante, C. V. T., de Souza, A. G., Beninca, T. D. T., & Steffens, C. A. (2017). Phenolic content and antioxidant activity of fruit of Brazilian genotypes
of feijoa. Pesquisa Agropecuaria Brasileira. 52, 1223-1230. https://doi.org/10.1590/S0100-204X2017001200011

Donado-Pestana, C. M., Belchior, T., Festuccia, W. T., & Genovese, M. 1. (2015). Phenolic compounds from cambuci (Campomanesia phaea O. Berg) fruit
attenuate glucose intolerance and adipose tissue inflammation induced by a high-fat, high-sucrose diet. Food Research International. 69, 170-178.
https://doi.org/10.1016/j.foodres.2014.12.032

Ferreira, L. C., Grabe-Guimaraes, A., De Paula, C. A., Michel, M. C. P., Guimaraes, R. G., Rezende, S. A., De Souza Filho, J. D., & Salde-Guimardes, D. A.
(2013). Anti-inflammatory and antinociceptive activities of Campomanesia adamantium. Journal of Ethnopharmacology. 14 (1), 100-108.
https://doi.org/10.1016/j.jep.2012.10.037

Figueirda, E. D. O., Nascimento Da Silva, L. C., De Melo, C. M. L., Neves, J. K. D. A. L., Da Silva, N. H., Pereira, V. R. A., & Correia, M. T. D. S. (2013).
Evaluation of antioxidant, immunomodulatory, and cytotoxic action of fractions from eugenia uniflora L. and eugenia malaccensis L.: Correlation with
polyphenol and flavanoid content. The Scientific World Journal. 2013 (2013), 125027. https://doi.org/10.1155/2013/125027

Gobbo-Neto, L., & Lopes, N. P. (2007). Medicinal plants: Factors of influence on the content of secondary metabolites. Quimica Nova. 30, 374-381.
https://doi.org/10.1590/S0100-40422007000200026

Hmoteh, J., Musthafa, K. S., & Voravuthikunchai, S. P. (2018). Effects of Rhodomyrtus tomentosa extract on virulence factors of Candida albicans and human
neutrophil function. Archives of Oral Biology. 87, 35-42. https://doi.org/10.1016/j.archoralbio.2017.11.007

Klafke, J. Z., da Silva, M. A., Panigas, T. F., Belli, K. C., de Oliveira, M. F., Barichello, M. M., Rigo, F. K., Rossato, M. F., Soares dos Santos, A. R.,
Pizzolatti, M. G., Ferreira, J., & Viecili, P. R. N. (2010). Effects of Campomanesia xanthocarpa on biochemical, hematological and oxidative stress parameters
in hypercholesterolemic patients. Journal of Ethnopharmacology, 12 (2), 299-305. https://doi.org/10.1016/j.jep.2009.11.004

Levy, A. S., & Carley, S. K. (2012). Cytotoxic activity of hexane extracts of psidium guajava L (Myrtaceae) and cassia alata L (Caesalpineaceae) in kasumi-1
and OV2008 cancer cell lines. Tropical Journal of Pharmaceutical Research. 11(2), 201-207. https://doi.org/10.4314/tjpr.v11i2.5

Lichtenthaler, H. K. (1987). Chlorophylls and Carotenoids: Pigments of Photosynthetic Biomembranes. Methods in Enzymology. 148, 350-382.
https://doi.org/10.1016/0076-6879(87)48036-1

Malta, L. G., Tessaro, E. P., Eberlin, M., Pastore, G. M., & Liu, R. H. (2013). Assessment of antioxidant and antiproliferative activities and the identification
of phenolic compounds of exotic Brazilian fruits. Food Research International. 53(1), 417-425. https://doi.org/10.1016/j.foodres.2013.04.024

Markman, B. E. O., Bacchi, E. M., & Kato, E. T. M. (2004). Antiulcerogenic effects of Campomanesia xanthocarpa. Journal of Ethnopharmacology, 94(1),
55-57. https://doi.org/10.1016/j.jep.2004.04.025

Michel, M. C. P., Guimaraes, A. G., Paula, C. A., Rezende, S. A., Sobral, M. E. G., & Guimaraes, D. A. S. (2013). Extracts from the leaves of Campomanesia
velutina inhibits production of LPS/INF-y induced inflammatory mediators in J774A.1 cells and exerts anti-inflammatory and antinociceptive effects in vivo.
Brazilian Journal of Pharmacognosy, 23(6), 927-936. https://doi.org/10.1590/S0102-695X2013000600010

Muiller, L., Fréhlich, K., & Béhm, V. (2011). Comparative antioxidant activities of carotenoids measured by ferric reducing antioxidant power (FRAP), ABTS
bleaching  assay = («TEAC), DPPH assay and peroxyl radical scavenging assay. Food  Chemistry.  129(1), 139-148.
https://doi.org/10.1016/j.foodchem.2011.04.045

Nanditha, B., & Prabhasankar, P. (2009). Antioxidants in bakery products: A review. 49(1), 1-27. Critical Reviews in Food Science and Nutrition.
https://doi.org/10.1080/10408390701764104

Neha, K., Haider, M. R., Pathak, A., & Yar, M. S. (2019). Medicinal prospects of antioxidants: A review. 178, 687-704. European Journal of Medicinal
Chemistry, 178, 687—704. https://doi.org/10.1016/j.ejmech.2019.06.010

Neri-Numa, I. A., Carvalho-Silva, L. B., Morales, J. P., Malta, L. G., Muramoto, M. T., Ferreira, J. E. M., de Carvalho, J. E., Ruiz, A. L. T. G., Maro6stica
Junior, M. R., & Pastore, G. M. (2013). Evaluation of the antioxidant, antiproliferative and antimutagenic potential of araca-boi fruit (Eugenia stipitata Mc
Vaugh - Myrtaceae) of the Brazilian Amazon Forest. Food Research International. 50(1), 70-76https://doi.org/10.1016/j.foodres.2012.09.032

Neri-Numa, I. A., Soriano Sancho, R. A., Pereira, A. P. A., & Pastore, G. M. (2018). Small Brazilian wild fruits: Nutrients, bioactive compounds, health-
promotion properties and commercial interest. Food Research International, 103(May 2017), 345-360. https://doi.org/10.1016/j.foodres.2017.10.053

Park, H. J., Yang, H. J., Kim, K. H., & Kim, S. H. (2015). Aqueous extract of Orostachys japonicus A. Berger exerts immunostimulatory activity in RAW
264.7 macrophages. Journal of Ethnopharmacology. 170,210-217. https://doi.org/10.1016/j.jep.2015.04.012

Pipe, R. K., Farley, S. R., & Coles, J. A. (1997). The separation and characterisation of haemocytes from the mussel Mytilus edulis. Cell and Tissue Research.
289(3), 537-545. https://doi.org/10.1007/s004410050899

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, C. (1999). Antioxidant activity applying an improved ABTS radical cation
decolorization assay. Free Radical Biology and Medicine. 26(9-10), 1231-1237. https://doi.org/10.1016/S0891-5849(98)00315-3

12


http://dx.doi.org/10.33448/rsd-v11i9.31561

Research, Society and Development, v. 11, n. 9, e30011931561, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i9.31561

Rein, M. J., Renouf, M., Cruz-Hernandez, C., Actis-Goretta, L., Thakkar, S. K., & da Silva Pinto, M. (2013). Bioavailability of bioactive food compounds: A
challenging journey to bioefficacy. British Journal of Clinical Pharmacology, 75(3), 588-602. https://doi.org/10.1111/j.1365-2125.2012.04425.x

Rocha, W. S., Lopes, R. M., da Silva, D. B., Vieira, R. F., da Silva, J. P., & Agostini-Costa, T. da S. (2011). Total phenolics and condensed tannins in native
fruits from Brazilian savanna. Revista Brasileira de Fruticultura. 33, 1215-1221. https://doi.org/10.1590/S0100-29452011000400021

Rosen, H., & Gordon, S. (1987). Monoclonal antibody to the murine type 3 complement receptor inhibits adhesion of myelomonocytic cells in vitro and
inflammatory cell recruitment in vivo. Journal of Experimental Medicine. 166(6), 1685-1701. https://doi.org/10.1084/jem.166.6.1685

Salmazzo, G. R., Verdan, M. H., Silva, F., Cicarelli, R. M., Mota, J. da S., Salvador, M. J., de Carvalho, J. E., & Cardoso, C. A. L. (2019). Chemical
composition and antiproliferative, antioxidant and trypanocidal activities of the fruits from Campomanesia xanthocarpa (Mart.) O. Berg (Myrtaceae). Natural
Product Research, 0(0), 1-5. https://doi.org/10.1080/14786419.2019.1607333

Santos, M. D. S., Lima, J. J. de, Petkowicz, C. L. D. O., & Céndido, L. M. B. (2013). Chemical characterization and evaluation of the antioxidant potential of
gabiroba jam (Campomanesia xanthocarpa Berg). Acta Scientiarum. Agronomy. 35, 73-82. https://doi.org/10.4025/actasciagron.v35i1.14389

Santos, M. da S., Miguel, O. G., Petkowicz, C. L. O., & Céndido, L. M. B. (2012). Antioxidant and fatty acid profile of gabiroba seed (Campomanesisa
Xanthocarpa Berg). Food Science and Technology. 32, 234-238. https://doi.org/10.1590/s0101-20612012005000045

Seigler, D. S., Seilheimer, S., Keesy, J., & Huang, H. F. (1986). Tannins from four commonAcacia species of Texas and Northeastern Mexico. Economic
Botany. 40, 220-232. https://doi.org/10.1007/bf02859146

Skalicka-Wozniak, K., & Glowniak, K. (2012). Pressurized liquid extraction of coumarins from fruits of Heracleum leskowii with application of solvents with
different polarity under increasing temperature. Molecules. 17 (4), 4133-41. https://doi.org/10.3390/molecules17044133

Souza, A., Fassina, A. C., & Saraiva, F. (2018). Compostos bioativos e atividade antioxidante em frutas nativas do Brasil. Agrotrépica (Itabuna). 30 (1), 73-
78. https://doi.org/10.21757/0103-3816.2018v30n1p73-78.pdf

Stewart, P., Boonsiri, P., Puthong, S., & Rojpibulstit, P. (2013). Antioxidant activity and ultrastructural changes in gastric cancer cell lines induced by
Northeastern Thai edible folk plant extracts. BMC Complementary and Alternative Medicine. 13(1), 1-11. https://doi.org/10.1186/1472-6882-13-60

Stockert, J. C., Horobin, R. W., Colombo, L. L., & Blazquez-Castro, A. (2018). Tetrazolium salts and formazan products in Cell Biology: Viability
assessment, fluorescence imaging, and labeling perspectives. Acta Histochemica, 120(3), 159-167. https://doi.org/10.1016/j.acthis.2018.02.005

Teixeira, N., Melo, J. C. S., Batista, L. F., Paula-Souza, J., Fronza, P., & Brandéo, M. G. L. (2019). Edible fruits from Brazilian biodiversity: A review on their
sensorial ~ characteristics versus bioactivity as tool to select research. Food Research International, 119(October 2018), 325-348.
https://doi.org/10.1016/j.foodres.2019.01.058

Viecili, P. R. N., Borges, D. O,, Kirsten, K., Malheiros, J., Viecili, E., Melo, R. D., Trevisan, G., da Silva, M. A, Bochi, G. V., Moresco, R. N., & Klafke, J. Z.
(2014). Effects of Campomanesia xanthocarpa on inflammatory processes, oxidative stress, endothelial dysfunction and lipid biomarkers in
hypercholesterolemic individuals. Atherosclerosis, 234(1), 85-92. https://doi.org/10.1016/j.atherosclerosis.2014.02.010

Vinagre, A. S., Rénnau, A. D. S. R. O., Pereira, S. F., Da Silveira, L. U., Wiilland, E. D. F., & Suyenaga, E. S. (2010). Anti-diabetic effects of Campomanesia
xanthocarpa (Berg) leaf decoction. Brazilian Journal of Pharmaceutical Sciences. 46, 169-177. https://doi.org/10.1590/S1984-82502010000200002

Wang, W. H., Tyan, Y. C., Chen, Z. S., Lin, C. G., Yang, M. H., Yuan, S. S., & Tsai, W. C. (2014). Evaluation of the antioxidant activity and antiproliferative
effect of the jaboticaba (Myrciaria cauliflora) seed extracts in oral carcinoma cells. BioMed Research International. 2014 (2014), 185946.
https://doi.org/10.1155/2014/185946

Zhishen, J., Mengcheng, T., & Jianming, W. (1999). The determination of flavonoid contents in mulberry and their scavenging effects on superoxide radicals.
Food Chemistry. 64(4), 555-559. https://doi.org/10.1016/S0308-8146(98)00102-2

13


http://dx.doi.org/10.33448/rsd-v11i9.31561

