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Abstract: This study evaluated for the first time the antibacterial activity, cell viability and migration ability
on 3T3 murine fibroblast cells of extracts and isolated compounds [lupeol (1), hexamethylcoruleoellagic acid (2)
and a mixture of 1 and betulinaldehyde (3)] of Myrciaria ferruginea. In antibacterial assays extracts were
susceptible only against S. aureus (MIC 500 μg/mL) and S. epidermidis (MIC ranging from 7.8 to 500 μg/mL)
and compounds 1-3 have shown no significant activity. In trials for cell viability, with exception of MeOH-H2O
fraction from leaves (viable cells > 90%), both the crude extract and other fractions showed inhibition of cell
growth (viable cells ≤ 80% at 15.625 and 31.25 μg/mL); while the samples from stems, with the exception of
CHCl3 fraction that showed strong cytotoxic effect at the lowest concentration tested (15.625 μg/mL), the other
fractions were not cytotoxic. Compounds (1-3) inhibited cell viability in dose dependent manner (15.625 to 500
μg/mL). Mixture containing 1 and 3 showed inhibitions only in concentrations greater than 62.5 μg/mL while
compound 2 decreased from the lowest concentration tested. In scratch wound assay, these compounds not
increased the population of fibroblasts at concentrations less than 62.5 μg/mL.
Keywords: Myrciaria ferruginea; antibacterial activity; cell viability; fibroblast cells, MTT assay. © 2016 ACG
Publications. All rights reserved.

1. Plant Source
The Myrciaria genus comprises about 99 species distributed in several Brazilian biomes, of
which 21 are native. Some of this species produce fruits that are used to make juice jams, wines and
liqueurs [1] and are used in folk medicine to treat skin diseases and have antifungal and healing
activities [2]. This paper describes antibacterial activity, cell viability and migration ability on 3T3
murine fibroblast cells of extracts and isolated compounds of M. ferruginea O. Berg. Here, we
are reporting for the first time antibacterial and cytotoxic activity of extracts and isolated compounds
*
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(1-3) (Figure 1). All these compounds are structurally known but they are being described for the first
time in this species. Leaves and stems were collected in November 2011, at the Área de Proteção
Ambiental da Usina Coruripe (Latitude: 9° 56' S and Longitude: 36° 05' W), Alagoas State, and
collected by Mr. Nilo Pinto de Sousa and identified by Rosangela P. L. Lemos (plant taxonomist). A
voucher specimen (MAC-11183) has been deposited at the Herbarium of the Instituto do Meio
Ambiente do Estado de Alagoas, Brazil.

2. Previous Studies
M. ferruginea has not been previously studied and there are few studies on species of this genus.
However, previous phytochemical investigations on Myrciaria species reported the occurrence of
flavonoids, ellagic acid and anthocyanins [1], as well as mono- and sesquiterpenes as the major
constituents of its essential oils [3,4]. Some of these species exhibit anti-inflammatory, antioxidant,
antifungical, antiproliferative, antibacterial, antiplasmodial, and gastroprotective activities [1].

3. Present Study
The air-dried and powdered leaves (430 g) and stems (4900 g) were extracted at room
temperature with acetone and ethanol (EtOH 90%), respectively. After the removal of solvents under
vacuum crude extracts (acetone: 25.14 g; EtOH: 159.14 g) were suspended in MeOH-H2O 7:3 solution
and extracted successively with hexane, CHCl3 and EtOAc that were stored under freezer for later use
in this study. Hexane fraction from leaves (12.0 g) after successive chromatographic fractionations
over silica gel column with hexane containing increasing amounts of EtOAc afforded compounds 1
(0.03 g) and 2 (0.015 g). The CHCl3 fraction (9.0 g) from leaves after the same experimental
procedure, gel filtration (Sephadex LH-20 with MeOH) and successive recrystallizations with MeOH
afforded a mixture of 1 and 3 (0.015 g) and compound 4 (0.197 g) (Figure 1). Phytochemical
investigation with stem samples will later be made.
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Figure 1. Structures of isolated compounds.

3.1. Antibacterial assays
Agar diffusion method as previously described [5,6] was used for screening of extracts and its
fractions. For each microorganism (S. aureus, S. epidermidis, Enterococus faecalis, E. coli, P.
aeruginosa, and Enterobacter aerogenes), 1 mL of adjusted inoculum (106 CFU/mL) was transferred
and mixed with 20 mL of Mueller Hinton Agar medium at 35°C. After that, 50 μL of each sample (5
mg/50 μL) was transferred and incubated at 35°C for 24 h. Only samples that showed promising
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results [inhibition zones diameter > 9 mm] [7] against any microorganism have determined the
minimum inhibitory concentrations (MIC) by broth microdilution test [7,8] and the activity
determined (Table 1) according to Holetz et al. [9].
The bioactive fractions from the leaves were subjected to successive chromatographic
fractionations over silica gel column. This procedure resulted in the isolation of lupeol (1) [10],
hexamethylcoruleoellagic acid (2) [11,12], a mixture of 1 and betulinaldehyde (3) [10], and betulinic
acid (4) [10] (Figure 1) that were identified by NMR spectral analysis and comparison with those data
reported in the literature. Compounds 1-3 were tested in broth microdilution method and they show no
significant antibacterial activity. In the antibacterial assays, among the six microorganisms tested, the
extracts showed activity only against S. aureus and S. epidermidis, that are bacteria frequently found
in intensive care units [13] and commonest cause of nosocomial infections [14], which are associated
with a great deal of morbidity and mortality [15].
Table 1. Inhibition zones diameter (IZD) of extracts and fractions that provided the best results in
Agar diffusion method and its minimum inhibitory concentration (MIC).
Samplesa
Leaves
Crude acetone ext.
Fr. Hexane
Fr. CHCl3
Fr. MeOH-H2O
Stems
Crude EtOH ext.b
Fr. Hexaneb
Fr. CHCl3
Fr. EtOAc
Fr. MeOH-H2O

IZD (mm ± DP)c

Microorganisms
S. aureus
S. epidermidis
MIC (µg/mL)
MIC (µg/mL)
IZD (mm ± DP)c

12.0 ± 0.0
12.0 ± 0.0
(-)
15.7 ± 1.8

1000
1000
1000
1000

22.3 ± 0.5
21.0 ± 0.0
15.7 ± 3.4
22.3 ± 3.3

125
125
500
500

17.0 ± 1.6
9.0 ± 0.0
13.3 ± 1.3
14.0 ± 0.8
16.0 ± 1.6

500
1000
1000
500
1000

14.0 ± 0.0
25.3 ± 0.5
10.7 ± 0.5
10.3 ± 0.5
12.0 ± 0.0

125
500
7.8
7.8
125

(-) Absence of inhibition zone; a,b solvents used to dissolve the samples (a 10% DMSO or b 10% cremophor – negative controls); c growth
inhibition halos in mm [mean ± standard deviation (SD; result is average of triplicate experiment)]. Positive controls: ciprofloxacine (5
μg/disc; 39 mm) and ceftriaxone (30 μg/disc; 32 mm).

3.2. Cell viability assay
Murine fibroblasts cell line NIH 3T3 were grown in DEMEM supplemented with L-glutamine
(2 mM), penicillin (100 U/mL), streptomycin (100 μg/mL) and 10% fetal bovine serum (FBS). The
cells were cultured at 37°C in a 5% CO2 atm., seeded into 96 well plate (1×105/well) and incubated for
24 h. Cells were treated with crude extract, fractions or isolated compounds (15.625 to 500 μg/mL).
After treatment, plates were again incubated and the cell viability assay by MTT method [16] was
performed. The formazan crystals formed were dissolved in 150 μL of DMSO and optical density was
read at 540 nm in a multi-well ELISA plate reader. Four individual wells were assayed per treatment,
and MTT reduction activity was determined as percentage of control cells [(absorbance of treated
cells/absorbance of untreated cells) × 100].

3.3. Scratch assay with the mixture of compounds 1 and 3
The spreading and migration capabilities of Swiss 3T3 fibroblasts were assessed using a scratch
wound assay according to Fronza et al. [17]. A linear wound was generated in the monolayer and any
cellular debris was removed by washing the coverslips with phosphate buffer saline. DMEM medium
with DMSO (0.25%, control group), platelet derived growth factor (2 ng/mL, as positive control). The
isolated compounds (1-3) at 15.6, 31.25 and 62.5 μg/mL were added to a set of 3 coverslips per dose
and incubated for 24 h at 37 ºC with 5% CO2. The cells were fixed and stained overnight. Three
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representative images from each coverslip of the scratched areas under each condition were
photographed to estimate the relative migration cells.
As shown in Figure 2, the crude extract of leaves and its fractions in hexane and CHCl3
exhibited citotoxicity in all doses evaluated. To crude extract, viable cells showed variation among
80% to 40% (at 15.625 to 500 μg/mL), while hexane and CHCl3 fractions the cell viability varied
among 60% to 20% (at 15.6 μg/mL to 250 μg/mL). Interestingly, the MeOH-H2O fraction showed a
slight reduction of cellular viability to 80% in concentrations of 31.2 μg/mL to 500 μg/mL. The lower
concentration evaluated of MeOH-H2O fraction did not show cytotoxic effect.

Figure 2. Effect of crude extract and fractions from leaves on viability of 3T3 cells. The bars express the mean ±
SEM of three independent experiments. The dotted line represents viability of untreated cells.

Effects on cell viability of crude extract and fractions of stems are shown in Figure 3. The crude
extract and its hexane fraction were able to maintain cell viability to levels above 80% at 15.6, 31.2
and 62.5 μg/mL while at 125, 250 and 500 μg/mL they reduced the cell viability to values below at
60%. The EtOAc fraction did not show cytotoxic effect at 15.6 μg/mL, but at concentrations greater
than 31.2 μg/mL cell viability was reduced to below 60%. In all concentrations tested, CHCl3 fraction
reduced cell viability from 70% to 40%. The MeOH-H2O fraction at 15.6, 31.2, 62.5, and 125 μg/mL
did not induce cytotoxic effect, however, at 500 μg/mL cell viability decreased to 60%.

Figure 3. Effect of extract and fractions from stems on viability of 3T3 cells by MTT assay. The bars express the
mean ± SEM of three independent experiments. The dotted line represents viability of untreated cells.

Isolated compounds (1-3) at 15.625 to 500 μg/mL inhibited cell viability in dose dependent
manner. Mixture containing 1 and 3 showed inhibitions only in concentrations greater than 62.5
μg/mL while compound 2 decreased from the lowest concentration tested. No biological activity has
been reported for compound 2 so far while compounds 1, 3 and 4 are widely distributed throughout the
plant kingdom and several biological activities, including anti-cancer [20,21], analgesic, antiinflammatory [21,22], anti-angiogenic, immune-modulatory [22], antimicrobial, antimycobacterial,
antiplasmodial [24,25], and anti-HIV [20,22,23]. Compounds 1 and 4 and many of its derivatives have
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been cytotoxic to many human tumor cell lines [26], but this is the first time that these compounds
have been evaluated against 3T3 murine fibroblast cells. These cells types are involved in the regulation
of angiogenesis that occurs during wound healing process [27]. Although wound healing is rarely seen
as a problem in healthy individuals, the increasing incidences of diseases such as diabetes and obesity
worldwide, the burden of chronic wounds is expected to be in a rise [28]. However, there is increasing
interest in finding natural products with wound healing efficacy. So, the results of the present study are
important, taking in account the implication of the studied microorganisms in therapeutic failure. Our
data indicate that extracts from M. ferruginea should be explored more to develop potential
antibacterial drugs, although the isolated compounds so far are not the main antibacterial constituents
of the leaves of the plant. Some of the extracts tested showed cytotoxic effect and the results for
compound 2 suggests it is at least partly responsible for this effect, especially for the crude extract and
hexane fraction from the leaves. The mixture of 1 and 3, up to a concentration of 62.5 μg/mL not
increased the population of fibroblasts in the scratched area, suggesting, therefore, that this compound
has no effect on the wound healing process.

Acknowledgments
The authors are grateful to FAPEAL, CAPES, and CNPq for financial support and also thank
Mr. Nilo Pinto de Sousa, Usina Coruripe, Alagoas State, Brazil, for plant collection.

Supporting Information
Supporting Information accompanies this paper on http://www.acgpubs.org/RNP

References
[1]
[2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

[10]

L.L. Borges, E. C. Conceição and D. Silveira (2014). Active compounds and medicinal properties of
Myrciaria genus, Food Chem. 153, 224-233.
R. A. DeFilipps, S. L. Maina and J. Crepin (2004). Medicinal plants of the Guianas (Guyana, Surinam,
French Guiana). The biological biodiversity of the Guiana shield. Smithsonian Natural Museum of
Natural History, Available from: http://botany.si.edu/bdg/medicinal/index.html.
L. A. C. Tietbohl, B. G. Lima, C. P. Fernandes, M. G. Santos, F. E. B. Silva, E. L. G. Denardin, R.
Bachinski, G. G. Alves, M. V. Silva-Filho and L. Rocha (2012). Comparative study and
anticholinesterasic evaluation of essential oils from leaves, stems and flowers of Myrciaria floribunda (H.
West ex Willd.) O. Berg., Latin. Amer. J. Pharm. 31(4), 637-641.
L. A. C. Tietbohl, T. Barbosa, C. P. Fernandes, M. G. Santos, F. P. Machado, K. T. Santos, C. B. Mello,
H. P. Araujo, M. S. Gonzalez, D. Feder and L. Rocha (2014). Laboratory evaluation of the effects of
essential oil of Myrciaria floribunda leaves on the development of Dysdercus peruvianus and Oncopeltus
fasciatus, Rev. Bras. Farmacogn. 24, 316-321.
I. Karaman, F. Sahin, M. Güllüce, H. Ogütçü, M. Sengül and A. Adigüzel (2003). Antimicrobial activity
of aqueous and methanol extracts of Juniperus oxycedrus L., J. Ethnopharmacol. 85, 231-235.
E. A. Ostrosky, M. K. Mizumoto, M. E. L. Lima, T. M. Kaneko, S. O. Nishikawa and B. R. Freitas
(2008). Métodos para avaliação da atividade antimicrobiana e determinação da concentração mínima
inibitória (CMI) de plantas medicinais, Rev. Bras. Farmacogn. 18, 301-307.
M. C. C. Ayres, M. S. Brandão, G. M. Vieira-Junior, J. C. A. S Menor, H. B. Silva, M. J. S. Soares and
M. H. Chaves (2008). Atividade antibacteriana de plantas úteis e constituintes químicos da raiz de
Copernicia prunifera, Rev. Bras. Farmacogn. 18, 90-97.
CLSI (Clinical and Laboratory Standards Institute; 2012a). Methods for dilution antimicrobial
susceptibility tests for bacteria that grow aerobically; approved standard. 3. ed. CLSI document M07-A9.
Wayne, PA.
F. B. Holetz, G. L. Pessini, N. R. Sanches, D. A. G. Cortez, C. V. Nakamura, and B. P. Dias Filho (2002).
Screening of some plants used in the Brazilian folk medicine for the treatment of infectious diseases,
Mem. Inst. Oswaldo Cruz. 97, 1027-1031.
S. B. Mahato and A. P. Kundu (1994). 13C NMR spectra of pentacyclic triterpenoids – A compilation

Antibacterial and cytotoxic activity of extracts
[11]

[12]
[13]

[14]
[15]
[16]
[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]
[26]
[27]
[28]

56

and some salient features, Phytochemistry 37, 1517-1575.
Y. A. Gunawardana, P. Geevanada, P. Gunawardana, N. S. Kumar and M. U. S. Sultanbawa (1979).
Chemical investigation of Ceylonese plants. Part 35. Three hydroxy ellagic acid methyl ethers,
chrysophonol and scopoletin from Shorea worthingtonii and Vatica obscura, Phytochemistry 18, 10171019.
C. Chen, C. Huang, S. Lee, L. Chen, and C Karin (1999). Chemical constituents from Drypetes
hieranensis, Chin. Pharm. J. (Taipei) 51, 75-85.
L. Michelim, M. Lahude, P.R. Araújo, D.S.H. Giovanaz, G. Müller, A.P.L. Delamare, S.O.P. da Costa,
and S. Echeverrigaray (2005). Pathogenic factors and antimicrobial resistance of Staphylococcus
epidermidis associated with nosocomial infections occurring in intensive care units. Braz, J. Microbiol.
36, 17-23.
Otto M (2004). Virulence factors of the coagulase-negative staphylococci, Front. Biosci. 9, 841-863.
G.A. Doganli (2016). Phenolic content and antibiofilm activity of propolis against clinical MSSA strains,
Rec. Nat. Prod. 10, 617-627.
T. Mosmann (1983). Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays, J. Immunol. Methods. 65, 55-63.
M. Fronza, B. Heinzmann, M. Hamburger, S. Laufer, and I. Merfort (2009). Determination of the wound
healing effect of Calendula extracts using the scratch assay with 3T3 fibroblasts, J. Ethnopharmacol.
126, 463-467.
R. H. Cichewicz and S. A. Kouzi (2004) Chemistry, biological activity, and chemotherapeutic potential
of betulinic acid for the prevention and treatment of cancer and HIV infection, Med. Res. Rev. 24, 90-114.
Y. Perumal and D. Sriram (2005). Betulinic acid and its derivatives: a review on their biological
properties, Curr. Med. Chem. 12, 657-566.
D. Gheorgheosu, O. Duicu, C. Dehelean, C. Soica and D. Muntean (2014). Betulinic acid as a potent and
complex antitumor phytochemical: a minireview. Anticancer Agents Med. Chem. 14, 936-945.
M. Saleem (2009). Lupeol, a novel anti-inflammatory and anti-cancer dietary triterpene, Cancer Lett. 28,
109-115.
N. Sultana and Z. S. Saify (2012). Naturally occurring and synthetic agents as potential anti-inflammatory
and immunomodulants, Antinflamm, Antiallergy Agents Med. Chem. 11, 3-19.
D. A. Eiznhamer and Z. Q. Xu (2004). Betulinic acid: a promising anticancer candidate, Drugs 7, 359373.
S. Suksamrarn, P. Panseeta, S. Kunchanawatta, T. Distaporn, S. Ruktasing and A. Suksamrarn (2006).
Ceanothane- and lupane-type triterpenes with antiplasmodial and antimycobacterial activities from
Ziziphus cambodiana, Chem. Pharm. Bull. 54, 535-537.
S. A. Morrison, H. Li, D. Webster, J. A. Johnson and C. A. Gray (2016). Antimycobacterial triterpenes
from the Canadian medicinal plant Sarracenia purpurea, J. Ethnopharmacol. 188, 200-203.
R. Csuk (2014). Betulinic acid and its derivatives: a patent review (2008-2013), Expert Opin. Ther. Pat.
24, 913-923.
A. Yazdinezhad, H. Monsef-Esfahani and M.H. Ghahremani (2013). Effect of Alkanna frigida extracts on
3T3 fibroblast cell proliferation, Int. J. Pharm. Biol. Sci. 3, 212-215.
Y. Ponnusamy, N.J. Chear, S. Ramanathan and C. Lai (2015). Polyphenols rich fraction of Dicranopteris
linearis promotes fibroblast cell migration and proliferation in vitro, J. Ethnopharmacol. 168, 305-314.

© 2016 ACG Publications

