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The presence of phenolic compounds in fruit- and vegetable-rich diets has attracted researchers’ attention due to their health-promoting
effects. The objective of this study was to evaluate the effects of purple pitanga (Eugenia uniﬂora L.) extract on cell proliferation, viability,
mitochondrial membrane potential, cell death and cell cycle in murine activated hepatic stellate cells (GRX). Cell viability by 3-(4,5dimethylthiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay was signiﬁcantly decreased on cells treated with 50 and 100 mg ml1
of purple pitanga extract for 48 and 72 h, and the percentage of dead cell stained with 7-amino-actinomycin D was signiﬁcantly higher in treated
cells. The reduction of cell proliferation was dose dependent, and we also observed alterations on cell cycle progression. At all times studied,
GRX cells treated with 50 and 100 mg ml1 of purple pitanga showed a signiﬁcant reduction in cellular mitochondrial content as well as a
decrease in mitochondrial membrane potential. Furthermore, our results indicated that purple pitanga extract induces early and late
apoptosis/necrosis and necrotic death in GRX cells. This is the ﬁrst report describing the antiproliferative, cytotoxic and apoptotic activity
for E. uniﬂora fruits in hepatic stellate cells. The present study provides a foundation for the prevention and treatment of liver ﬁbrosis, and
more studies will be carried to elucidate this effect. Copyright © 2013 John Wiley & Sons, Ltd.
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INTRODUCTION
Hepatic ﬁbrosis is a very common disease and results from
many forms of chronic liver injuries, for example, persistent
viral infections, autoimmune liver diseases, toxins, alcohol
and hereditary metal overload. Regardless of causes, liver
ﬁbrosis is characterized by increased and altered deposition
of newly formed extracellular matrix (ECM) components
such as collagen, proteoglycans, ﬁbronectin and hyaluronic
acid, leading to the complications of portal hypertension,
esophageal varices and hepatic failure. This is a severe
disease with high morbidity and mortality, representing a
serious worldwide healthcare problem and effective antiﬁbrotic
treatments are urgently needed.1
Hepatic stellate cells (HSCs), also called Ito cells, vitamin
A–storing cells, lipocytes or fat-storing cells, have now been
clearly identiﬁed as the primary cellular source involved in
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the pathogenesis of liver ﬁbrosis. During the development
of liver ﬁbrosis, stellate cells undergo activation, a process
characterized by increased cell proliferation, morphological
transformation into myoﬁbroblast-like cells and synthesis
of excessive ECM components.2 It has been reported that
HSCs are involved in the development and regeneration of
liver tissue, reorganization of hepatic ECM, development of
hepatic ﬁbrosis or cancer cell invasiveness.3 The activation
and the proliferation of HSC play a key role in ﬁbrogenesis,
whereas the apoptosis of HSC is associated with resolution
of ﬁbrosis. Inhibiting the activation of stellate cells seems to
be an attractive strategy for therapy of liver ﬁbrosis.
Eugenia uniﬂora L. (Myrtaceae) is a widely distributed
tree species in South America, mainly in Brazil, Argentina,
Uruguay and Paraguay. The leaves are used in popular
medicine as infusion for the treatment of fever, rheumatism,
stomach diseases and digestive disorders, as well as
hypertension, yellow fever and gout. It may also reduce
weight, blood pressure and serve as a diuretic.4,5 Its fruit,
which is known as pitanga, Brazilian cherry or Suriname
cherry, also shows antioxidant activity inhibiting lipid
peroxidation and removing free radicals.6–8 Recently, pitanga
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leaves were shown to have anti-Trypanosoma activity with
low toxicity 9. Like the leaves, pitanga fruits could also have
healthy beneﬁts. In the Brazilian food industry, the pitanga
fruit has mostly been used to produce juice, which shows
good economic potential due to the consumer appeal arising
from its high concentrations of antioxidant compounds, such
as anthocyanins, ﬂavonols and carotenoids 7,8.
The presence of phenolic compounds in fruit- and vegetablerich diets have attracted researchers’ attention due to their
health-promoting effects, which include lowering the risk
of cardiovascular diseases, cancer, or other conditions
associated with aging. The biological mechanisms behind
these effects include protection against free radicals, free
radical–mediated cellular signaling, inﬂammation, allergies,
platelet aggregation, ulcers, viruses, tumors and hepatotoxicity.10 Thus, the objective of this study was to evaluate the
effects of purple pitanga extract on cell proliferation, viability,
mitochondrial membrane potential, cell death and cell cycle
in murine HSCs.

MATERIALS AND METHODS
Preparation of fruit extracts
Samples of purple-ﬂeshed breeding line of pitanga fruits
(E. uniﬂora) were obtained from harvest 2009/2010 at
Embrapa Temperate Climate (Pelotas, Rio Grande do Sul,
Brazil, 31 400 4700 S, 52 260 2400 W, 60 m) and immediately
frozen. The fruits were sampled searching for a mixture of
completely ripe fruits from various plant selections with
purple ﬂesh. Three independent samples were collected,
frozen at 18  C and transported to the Federal University
of Santa Maria.
Fruit extract was prepared from the edible portions of fruits.
Brieﬂy, fresh fruit samples were homogenized with an ultraturrax homogenizer for 5 min in 95% ethanol (1:3, w/v). The
homogenates were blended for 30 min, at room temperature,
and centrifuged at 1500g for 5 min. The supernatant was
collected, and the extraction procedure was repeated. The
pooled supernatants were concentrated in rotary evaporator
at 40  C. The samples were reconstituted in water and stored
at 80  C.
Total phenolic content was measured according to the
Folin–Ciocalteu method adapted from Swain and Hillis.11
The absorbance was measured at 725 nm, and the results were
expressed as chlorogenic acid equivalents (CAE; mg ml1)
using a chlorogenic acid (0–0.4 mg ml1) standard curve.
The stock concentration of purple pitanga extract was
20.725 mg CAE ml1.
Cell culture and treatments
The immortal HSC line was obtained from livers of C3H/
HeN mice that were infected by transcutaneous penetration
of cercariae from the Schistosoma mansoni BH strain.12
The murine HSC cell line, GRX, was established by
Borojevic et al. 12 and kindly provided by the Cell Bank
of Rio de Janeiro (HUCFF, UFRJ, RJ). Cells were routinely
Copyright © 2013 John Wiley & Sons, Ltd.

maintained in Dulbecco’s modiﬁed minimum essential
medium (DMEM; Invitrogen, Carlsbad, CA, USA)
supplemented with 5% fetal bovine serum (GIBCO, Carlsbad,
CA, USA) and 2 g L1 HEPES buffer, pH 7.4, lower
than 37  C and 5% CO2 conditions. The cells were plated
(5  104 ml1) in 12- or 24-well plates and cultured for
24 h to reach 60%–70% of conﬂuence before treatment with
purple pitanga. Purple pitanga extract was diluted in culture
medium to ﬁnal concentrations of 5, 50 and 100 mg CAE ml1
just before use. The GRX cells were treated with the
above-mentioned extract concentrations for 24, 48 and
72 h. Each concentration group included three or four wells.
The routinely cultured cells were used as normal controls.
Colorimetric MTT assay and cell number count
MTT (3-(4,5-dimethylthiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide) (Sigma Inc., Saint Louis, MO, USA) is a yellow
tetrazolium salt that is reduced to purple formazan crystals. The
MTT assay is widely used for the assessment of cytotoxicity,
cell viability and proliferation studies in cell biology.13
Preconﬂuent GRX cells were incubated with different
concentrations of purple pitanga extract for 24, 48 and 72 h.
Cells were then incubated with 1 mg ml1 MTT for 2 h at
37  C. Purple crystals were dissolved in dimethylsulfoxide
(Sigma Inc.). The absorbance was measured using a spectrophotometric microtitre plate reader (Spectra Max M5; Molecular
Devices, Sunnyvale, CA, USA) at 570 nm and 630 nm.
For counting of cell number, preconﬂuent GRX cells were
incubated with different concentrations of purple pitanga
extract for 24, 48 and 72 h. Cells were dislodged with 0.25%
trypsin-EDTA and counted using a counting chamber.
Tritiated thymidine incorporation assay
GRX cells treated, or not, with purple pitanga extract were
incubated (24 h, 1 mCi ml1) with [6-3H] thymidine ([3H]dT)
(speciﬁc activity 23.0 Ci nmol1; Amersham Biosciences,
Hillerod, Denmark). Subsequently, the medium was removed,
cells were washed with phosphate-buffered saline (PBS)
and 10% of trichloroacetic acid was added to each well.
The cell pellet was then dissolved in 200 mL of 0.1 N NaOH,
and the incorporated DNA radioactivity was determined by
scintillation counting.14 The protein content was measured
according to Peterson.15
MitoTracker Green
MitoTrackerW Green FM (MTG; Invitrogen) is a probe
that becomes ﬂuorescent once it accumulates in the lipid
environment of mitochondria, being an important indicator
of cellular mitochondrial content. Brieﬂy, after treatment
with purple pitanga extracts, GRX cells were washed with
PBS before incubation with 100 nM of MTG diluted in free
serum DMEM for 30 min under growth conditions. Then
cells were washed with PBS, and the MTG ﬂuorescence was
measured in a plate spectroﬂuorometer (Spectra Max M5;
Molecular Devices) after exciting at 490 nm and collecting
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the emission at 516 nm. The results were expressed as relative
ﬂuorescence units per microgram of protein.
For confocal images, GRX cells were seeded under
coverslips placed on 12-well plates. After treatment, cells were
washed with PBS then incubated for 30 min in the dark with
100 nM of MTG (Invitrogen) diluted in serum free DMEM.
Cells were ﬁxed with 2% of paraformaldehyde for 20 min at
4  C and rewashed with PBS before blades mounting with
ProLong Gold antifade reagent (Invitrogen). Images were
obtained on FV1000 Olympus Confocal Microscope and
deconvolved using the free Image J analysis software.

Statistical analysis

Flow cytometry assays

The effects of purple pitanga extract on cell viability were
assessed by MTT assay and ﬂow cytometry 7-AAD stain
(Figures 1A and 1B). The results show that the cell viability
by MTT assay was signiﬁcantly decreased on cells treated
with 50 mg ml1 of purple pitanga extract for 72 h and on
cells treated with 100 mg ml1 for 48 and 72 h (Figure 1A).
Furthermore, the percentage of dead cell stained with 7-AAD
was signiﬁcantly higher in cells treated with 50 mg ml1 of
purple pitanga extract for 48 and 72 h and 100 mg ml1
of purple pitanga extract at all times studied (Figure 1B).
7-AAD is used as a cell viability stain: cells with
compromised membranes will stain with 7-AAD, whereas
live cells with intact cell membranes will remain dark.
The antiproliferative effects of purple pitanga extract
were assessed by cell counting and thymidine incorporation
assay (Figures 1C and 1D). The reduction of cell proliferation was dose dependent at the cell counting assay and the
cells treated with 100 mg ml1 of purple pitanga extract visually not increased in three days of treatment (Figure 1C).
This effect was conﬁrmed by the thymidine incorporation
assay, where the decrease in GRX cell proliferation was
dose and time dependent (Figure 1D). In three days of treatment, all concentrations of purple pitanga extract signiﬁcantly decreased GRX cell proliferation.

Cell viability, mitochondrial membrane potential, changes of
cell cycle and apoptosis were analyzed by ﬂow cytometry. For
all analysis, GRX cells treated or not with the aforementioned
extracts were harvested by trypsinization and counted.
The cell viability was evaluated using 7-amino-actinomycin
D (7-AAD; BD Bioscience, San Jose, CA, USA). The cells
(1  106 cells ml1) were incubated with 5 mL (0.25 mg) of
7-AAD at room temperature for 10 min, washed in PBS and
resuspended for FL3-H analysis.
Tetrachloro-1,1,3,3-tetraethylbenzimidazol-carbocynineiodine (JC1; BD Bioscience) is a ﬂuorescent dye that exists as
green-emitting monomers at low mitochondrial membrane
potential, or as red-emitting aggregates when mitochondrial
membrane potential increases.16 The cells (1  106 cells ml1)
were incubated with 500 mL of JC1 solution for 15 min,
washed two times with buffer according to the manufacturer’s
manual and analyzed for FL1-H and FL2-H.
For cell cycle analysis, the cells were washed in PBS and
resuspended in 400 mL (1  106 cells ml1) of cell cycle
solution (3.5 mM trisodium citrate, 0.5 mM Tris, 0.1% Nonidet,
100 mg ml1 RNAse A, 50 mg ml1 propidium iodide) and
incubated in the dark at room temperature for 15 min. The
DNA content was then analyzed.
Apoptosis was analyzed with annexin-V FITC conjugate
kit (Invitrogen). The cells were washed with PBS and
resuspended at 1  106 cells ml1 in annexin-V binding
buffer (10 mM HEPES/NaOH, pH 7.4, 140 mM NaCl,
2.5 mM CaCl2); 105 cells ml1 (100 mL/tube) were incubated
with 5 mL of Annexin-V FITC and 5 mg ml1 of propidium
iodine, mixed and incubated for 15 min at room temperature
in the dark. Four hundred microlitres of binding buffer
was added to each tube and cells were analyzed for FL1-H
and FL3-H.
The detection of caspase activation was performed using
the “CaspACE, FITC-VAD-fmk In Situ Marker” (Promega,
Madison, USA). Brieﬂy, 1  106 cells were washed in PBS,
suspended in 100 mL staining solution containing 50 mM of
the ﬂuorescein isothiocyanate conjugate of z-VAD-fmk
(FITC-VAD-fmk) and incubated for 20 min at 30  C in the
dark. Then cells were washed once and suspended in PBS,
and cells were analyzed for FL1-H.
All analyses were performed using a FACScan Calibur
ﬂow cytometer (BD Bioscience) equipped with a blue laser
emitting 488 nm and a red laser emitting 633 nm.
Copyright © 2013 John Wiley & Sons, Ltd.

Data were reported as mean  SD. Results were analyzed by
one-way ANOVA followed by Tukey’s test (P < 0.05). All
analyses and graphical were performed using the statistical
software GraphPad Prism 5 for Windows (GraphPad Software
Inc., version 5.01, San Diego, USA).

RESULTS
Purple pitanga extract inhibits cell growth and interferes
with cell viability in GRX cells

Impaired mitochondrial membrane potential and decreased
mitochondrial content induced by purple pitanga extract in
GRX cells
Mitochondrial content was assessed by MTG probe
(Figures 2A and 2C), which is now commonly used for
measurement of mitochondrial shape changes, mass or
swelling.16,17 Mitochondrial content was signiﬁcantly reduced
in GRX cells treated with 50 and 100 mg ml1 of purple
pitanga at all times studied (Figures 2A and 2C).
The mitochondrial membrane potential was measured by
JC1 (Figures 2B and 2D), which is a dye that changes its
ﬂuorescence emission from red to green when mitochondria
loss its membrane polarization. The results show that JC-1
exists as aggregates within the mitochondria (red) in control
cells. In cells treated with 50 (for 72 h) and 100 mg ml1 of
purple pitanga extract (for 48 and 72 h), JC-1 exists primarily
as the monomeric form (green) within the cytoplasm, indicating
less membrane potential related to the reduced mitochondrial
content as shown by MTG (Figures 2B and 2D).
Cell Biochem Funct 2014; 32: 16–23.

purple pitanga induces cytotoxicity in hscs

19

Figure 1. Effect of purple pitanga (Eugenia uniﬂora L.) extract on cell viability and proliferation in GRX cells. The cells were treated with 5, 50 and 100 mg
CAE ml1 concentrations of purple pitanga extract for 24, 48 and 72 h. Cell viability measured by (A) MTT assay and (B) 7-AAD analyzed by ﬂow cytometry.
Cell proliferation measured by (C) cell counting and (D) [3H]dT incorporation assay. Values are shown as mean  SD of three independent experiments.
*P < 0.05, **P < 0.01 and ***P < 0.001 versus untreated control cells; 278  168 mm (96  96 DPI)

Purple pitanga extract affect the cell cycle progression in
GRX cells
The effects of purple pitanga extract on cell proliferation
could be due to its actions on cell cycle (Figure 3). Cell
cycle progression in GRX cells treated with purple pitanga
extract was analyzed by ﬂow cytometry. The cells treated
with 50 and 100 mg ml1 of purple pitanga extract for 24 h
showed a 13% increase in the number of GRX cells in
G0G1 phase and reduction in the S phase (Figure 3).
Although the increase in the G0G1 phase persists with time,
only treatment with 50 mg ml1 of purple pitanga extract
was signiﬁcant at 48 and 72 h. Furthermore at 72 h, the treatment with 50 and 100 mg ml1 of purple pitanga leads to an
increase of cells in the G0G1 phase with a concomitant
decrease in S phase and the disappearance of G2M phase.
The 100-mg ml1 treatment also results in an increase in
apoptotic sub-G1 population (Figure 3). The sub-G1 population represents cells with signiﬁcant DNA damage that was
conﬁrmed by the annexin V/PI assay.
Apoptotic effect of purple pitanga extract in GRX cells
Purple pitanga extract-induced apoptosis in GRX cells was
examined and conﬁrmed by annexin V and PI staining,
using FACS analysis. We did not observe an increase in
apoptosis in cells treated for 24 and 48 h. However, the
percentage of necrotic cells increased signiﬁcantly in cells
treated with 50 and 100 mg ml1 for 48 h (Figure 4A). As
shown in Figure 4B, the percentage of viable cells was
reduced from 91.07% to 51.58% by the higher treatment
with purple pitanga extract for 72 h. The largest apoptotic
and necrotic effects were observed on cells treated for
72 h, where we observed a signiﬁcant increase in early
apoptosis in cells treated with 5 mg ml1, an increase in late
Copyright © 2013 John Wiley & Sons, Ltd.

apoptosis and necrosis in cells treated with 50 mg ml1 and
an increase in early and late apoptosis in cells treated with
100 mg ml1 of purple pitanga extract. These results indicate
that purple pitanga extract induces the apoptotic process in
early and late stages and induces necrosis in GRX cells.

DISCUSSION
Brazil features the largest biodiversity in the world; however,
only 8% have been studied in search for bioactive compounds
9
. E. uniﬂora L. is often used as a food and in folk medicine
due to many biological activities. Their leaves are used in
infusions or decoctions in popular medicine to treat
hypercholesterolemia, gout, hypertension, digestive disease,
rheumatism, inﬂammations, fever and hepatic disease and as
a diuretic, antimicrobial and antioxidant 4,6,18–22. However,
we found no study evaluating the effects of the fruits of this
plant that also have a high antioxidant activity. Several
phytoconstituents of E. uniﬂora leaves have been isolated, such
as ﬂavonoids myricitrin, quercetin and quercetin 3-ramnoside,
and steroids, mono- and triterpenoid compounds, tannins,
anthraquinones, phenols, cineol and essential oils 23,24 and
several phenolic compounds were identiﬁed in fruits,
such as myricetin and quercetin derivatives, quercitrin,
isoquercitrin and cyanidin derivatives, among others, which
may contribute differentially to the antioxidant capacity
(our unpublished observations)7.
The liver has an extraordinary capacity to regenerate and
restore from damage tissue after chemical or mechanical
injury. As previously mentioned, in response to liver injury,
HSC lose vitamin A droplets and undergo signiﬁcant
morphological and functional changes, a complex process
deﬁned as “activation,” leading to the acquisition of a
Cell Biochem Funct 2014; 32: 16–23.
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Figure 2. Purple pitanga (Eugenia uniﬂora L.) extract alter mitochondrial membrane potential and mitochondrial mass in GRX cells. The cells were treated
with 5, 50 and 100 mg CAE ml1 concentrations of purple pitanga extract for 24, 48 and 72 h. (A and C) Mitochondrial mass assessed by MTG ﬂuorescent
probe. (C) A, control untreated cells; B, 5 3 mg ml1; C, 50 3 mg ml1; D, 100 3 mg ml1. (B and D) Mitochondrial membrane potential measured by JC1
ﬂuorescent probe FL2 channel shows the red-emitting aggregates formed when mitochondrial membrane potential increases. Values are shown as
mean  SD of three independent experiments. *P < 0.05, **P < 0.01 and ***P < 0.001 versus untreated control cells; 282  235 mm (96  96 DPI)

Figure 3. The effect of purple pitanga (Eugenia uniﬂora L.) extract on cell cycle progression in GRX cells. The cells were treated with 5, 50 and 100 mg CAE
ml1 concentrations of purple pitanga extract for 24, 48 and 72 h. Values are shown as mean  SD of three independent experiments. *P < 0.05, **P < 0.01
and ***P < 0.001 versus untreated control cells; 406  81 mm (96  96 DPI)

myoﬁbroblast-like cell phenotype and to the excessive
production of collagen. Fibrosis resolution refers to pathways
that either drive the stellate cell to apoptosis or contribute
to their reversion to a more quiescent phenotype.2 Thus, the
inhibition of HSC activation and proliferation and the
induction of the apoptosis of activated HSC have been
proposed as potential antiﬁbrotic strategies.
Our results show that the treatment with purple pitanga
extract reduced the proliferation and viability of GRX cells.
Kawada et al. 14 demonstrated that resveratrol, quercetin and
Copyright © 2013 John Wiley & Sons, Ltd.

N-acetylcysteine inhibited the proliferation of rat stellate
cells and their expression of smooth muscle a-actin.
Similarly, cyanidin 3-glucoside inhibited the cell proliferation
of HSC isolated from rat liver induced by a pro-oxidant agent.
This effect appeared to be directly related to the inhibition
of type I collagen synthesis rather than to the antioxidant
activity.25 Previous studies from our research group evaluating
the proﬁle of phenolic compounds in purple pitanga extract
observed the presence of various ﬂavonoids and anthocyanins,
and cyanidin 3-glucoside and quercetin derivatives were
Cell Biochem Funct 2014; 32: 16–23.
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Figure 4. Apoptotic effects of purple pitanga (Eugenia uniﬂora L.) extract in GRX cells. The cells were treated with 5, 50 and 100 mg CAE ml1 concentrations of
purple pitanga extract for 24, 48 and 72 h. (A) Apoptosis analyzed with annexin-V FITC Conjugate Kit. (B) Nonapoptotic cells: annexin-V negative and PI negative;
early apoptotic cells: annexin-V positive and PI negative; late apoptotic cells: annexin-V positive and PI positive; necrotic cells: annexin-V negative and PI positive.
(C) Detection of caspase activation using the “CaspACE, FITC-VAD-fmk In Situ Marker” for 72 h; different letters indicate statistical difference. Values are shown
as mean  SD of three independent experiments. *P < 0.05, **P < 0.01 and ***P < 0.001 versus untreated control cells; 400  274 mm (96  96 DPI)

found at signiﬁcant amounts. In addition, preliminary results
evaluating the type I collagen expression by RT-PCR has
observed a signiﬁcant reduction in GRX cells treated with 5
and 50 mg ml1 of purple pitanga extract (data not shown).
Thus, the antiproliferative effect and the reduced viability
observed in the present study may be related to the effect of
these phenolic compounds in the resolution of ﬁbrosis and
may be related to alterations on cell cycle progression and/or
activation of cell death via apoptosis and/or necrosis, as
we observed.
Because DNA content increases due to the cell proliferation,
the potential of stellate cells to proliferate can be assessed as
the increased number of the cells in the S and G2/M phases
as well as the decreased number in the G0G1 phase. Our data
suggest that purple pitanga extract has an inhibitory effect on
GRX cell proliferation, which may be associated with G0G1
cell cycle arrest. Studies using several kinds of popular herbs
of Japanese medicine also found antiproliferative effects by
inducing arrest at the G0G1 phase in the cell cycle of
HSCs.26,27 Furthermore, studies using isolated phenolic
compounds as quercetin and baicalein also found similar
results. Quercetin arrested HSCs at G1 phase with a selective
decrease in the cellular levels of cyclin D1 a cell cycle-related
protein of G1 phase.14,28 Many ﬂavonoids alter the expression
Copyright © 2013 John Wiley & Sons, Ltd.

and activities of numerous enzymes involved in the regulation
of cell cycle in cancer cell lines.29–31 Thus, the cell cycle arrest
observed in this study may be attributed to the presence of
phenolic compounds in the purple pitanga extract, like
quercetin and other ﬂavonoids that may be acting individually
or synergistically.
Mitochondria are membrane-enclosed organelles found in
most eukaryotic cells. In addition to supplying cellular
energy, mitochondria are involved in a range of other
processes, such as signaling, cellular differentiation, cell
death, and the control of the cell cycle and cell growth.32
The respiratory chain pumps protons to the intermembrane
space, generating an electrochemical gradient across the
mitochondrial inner membrane consisting of mitochondrial
membrane potential and a minor pH gradient. Mitochondrial
membrane potential is a widely used bioenergetic parameter
affecting multiple mitochondrial functions including ATP
synthesis, Ca++ sequestration, protein import, mitochondrial
fusion, mitochondrial autophagy and the generation of
reactive oxygen species.33 Our results demonstrate a reduction
of mitochondrial membrane potential measured by JC1
ﬂuorescent probe accompanied by decrease of mitochondrial
mass observed by MTG. These results can be related with the
antiproliferative effect of purple pitanga extract, the increase of
Cell Biochem Funct 2014; 32: 16–23.
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cytotoxicity observed by 7-AAD and mainly the increase in
early and late apoptosis and necrosis observed in this study.
Mitochondrial depolarization is frequently attributed to
mitochondrial respiratory dysfunction.16 Furthermore, the
opening of mitochondrial membrane permeability transition
pores results in a collapse of mitochondrial membrane
potential and cessation of adenosine triphosphate synthesis.
In addition, the release of intermembrane proteins, such as
apoptosis-inducing factor and endonuclease G and their
translocation to the nucleus, leads to nuclear DNA fragmentation. Together, these events trigger cell death. Alternatively,
the release of cytochrome c and other proapoptotic factors
from mitochondria can promote caspase activation and
apoptotic cell death.34 Thus, the marked reduction in
mitochondrial mass and mitochondrial membrane potential
observed in cells treated with purple pitanga extract could be
caused by activation of apoptosis and necrosis pathways as
observed as an increase in sub-G1 cell populations and
annexin V and PI positive cells.
As previously mentioned, the inhibition of HSCs activation
and proliferation and the induction of apoptosis have become
potentially important for the prevention and treatment of
hepatic ﬁbrosis. Apoptosis is a normal physiological
process during development and cellular differentiation.
“Programmed cell death” can be triggered experimentally
by a variety of physical or chemical stressors. It can be
induced by a range of stimuli such as ultraviolet irradiation,
hyperthermia and cytotoxic chemotherapy. In contrast to
necrosis, apoptosis is a well-regulated physiological process,
and any disturbance of the balance between cell proliferation
and cell death maintained by apoptosis can result in serious
diseases. The property of many ﬂavonoids to alter the
expression and activities of numerous enzymes involved in
the regulation of apoptosis may be the reason for the
observed cytostatic properties and the induction of apoptosis
in many cell types. Myricetin, quercetin, isorhamnetin and
kaempferol have been shown to induce apoptosis in human
acute myeloid leukemic cells (HL-60).31 Furthermore,
neferine and rosmarinic acid reduced cell proliferation and
induced apoptosis in rat HSC line HSC-T6.35,36 According
to Ding et al. 35, neferine induces the apoptosis of HSC-T6
cells by increasing the activation of caspase 3, that is, by
mitochondrial pathway. Therefore, the marked increase in
apoptosis and necrosis observed in cells treated with purple
pitanga extract for 72 h may be related to the mitochondrial
apoptotic route because it also observed a reduction in
mitochondrial mass and membrane potential. Moreover, we
observed by ﬂow cytometry an intense activation of caspases,
which reinforces this theory. Further studies are being
conducted to elucidate the exact route that is being activated.
In the present study, we demonstrated that purple pitanga
extract leads to an inhibition of proliferation, alterations on
cell cycle progression and GRX cells apoptosis. This is the
ﬁrst report on the antiproliferative, cytotoxic and apoptotic
activity for E. uniﬂora fruits in HSCs. Further studies are
being conducted to determine the molecular mechanisms
underlying the cell cycle arrest and the apoptosis induced
by purple pitanga extract.
Copyright © 2013 John Wiley & Sons, Ltd.
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In conclusion, our results suggest that the inhibitory effect
of purple pitanga extract on HSCs was promoted by the
reduction on proliferation probably via G0G1 cell cycle arrest
and cytotoxicity observed with a consequent increase in
apoptosis and necrosis. Our results also suggest that apoptosis
is triggered via mitochondria mainly due to the activation of
caspases and the reduction in mitochondrial membrane
potential and cellular mitochondria content. The present study
provides a foundation for the prevention and treatment of liver
ﬁbrosis, and more studies in vivo will be carried to elucidate
this effect.
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