
Toxicology Reports 2 (2015) 184–193

Contents lists available at ScienceDirect

Toxicology  Reports

j ourna l h o mepa ge: www.elsev ier .com/ locate / toxrep

Campomanesia  adamantium  (Myrtaceae)  fruits  protect  HEPG2
cells  against  carbon  tetrachloride-induced  toxicity

Thaís  de  Oliveira  Fernandesa,  Renato  Ivan  de  Ávilab,  Soraia  Santana  de  Mourab,
Gerlon  de  Almeida  Ribeiroc,  Maria  Margareth  Veloso  Navesa,∗∗,1,
Marize  Campos  Valadaresb,∗,1
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a  b  s  t  r  a  c  t

Campomanesia  adamantium  (Myrtaceae)  is an  antioxidant  compounds-rich  Brazilian  fruit
popularly  known  as gabiroba.  In view  of this,  it was  evaluated  the  hepatoprotective  effects  of
pulp  (GPE)  or  peel/seed  (GPSE)  hydroalcoholic  extracts  of  gabiroba  on  injured  liver-derived
HepG2  cells  by  CCl4 (4 mM).  The  results  showed  the  presence  of  total phenolic  in GPSE was
(60%) higher  when  compared  to GPE,  associated  with  interesting  antioxidant  activity  using
DPPH• assay.  Additionally,  HPLC  chromatograms  and  thin  layer  chromatography  of  GPE and
GPSE showed  the  presence  of  flavonoids.  Pretreatment  of  HepG2  cells  with  GPE  or  GPSE
(both  at  800–1000  �g/mL)  significantly  (p <  0.0001)  protected  against  cytotoxicity  induced
by  CCl4. Additionally,  the  cells  treated  with  both  extracts  (both  at 1000  �g/mL)  showed
normal  morphology  (general  and  nuclear)  contrasting  with  apoptotic  characteristics  in  the
cells  only  exposed  to CCl4. In these  experiments,  GPSE  also  was  more  effective  than  GPE.  In
addition,  CCl4 induced  a marked  increase  in AST  (p  < 0.05)  and  ALT (p <  0.0001)  levels,  while

GPE or  GPSE  significantly  (p < 0.0001)  reduced  these  levels,  reaching  values  found  in  the
control  group.  In  conclusion,  the  results  suggest  that  gabiroba  fruits  exert  hepatoprotective
effects  on  HepG2  cells  against  the CCl4-induced  toxicity,  probably,  at least  in part,  associated
with  the  presence  of  antioxidant  compounds,  especially  flavonoids.
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1. Introduction

Brazilian biodiversity has underexploited native fruit
plants which have promising economic role to local popula-
tion and industries [1] such as Campomanesia adamantium
(Myrtaceae) from the Cerrado biome. This plant has nutri-

tive fruits popularly known as gabiroba, which grow on
small shrubs and present peculiar features such as bright
colors ranging from green to yellow, with a strong citric
scent and sour taste (Fig. 1).
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ig. 1. Photomicrographic representation of Campomanesia adamantium
Myrtaceae) fruits, popularly known as gabiroba, from Cerrado, a Brazilian
iome.

Scientific findings have shown that gabiroba fruits
resent antimicrobial activity [2,3], antiproliferative and
poptotic activities in PC-3 human prostate carcinoma cells
4]. Moreover, in vivo studies demonstrated that these fruits
ause no toxicity and have anti-inflammatory, antihyper-
lgesic and antidepressive activities [5]. In addition, these
ruits have important nutritional elements such as iron,
otassium and calcium and high levels of antioxidant com-
ounds, particularly vitamin C and phenolic compounds
flavonoids and chalcones) [2,3,6]. Therefore, these fruits
ave been considered as a potential candidate against
athological processes in which reactive oxygen species
ROS) are a key role, such as several liver diseases [7–9].

The liver is especially susceptible to ROS due to its
entral role in the metabolism of nutrients and detoxi-
cation of xenobiotics which can lead to an increase in
OS production, thereby reducing cell defense capacity and
stablishing oxidative stress. Cell damage arising from this
rocess may  result in inflammation and fibrosis [10–13].

Nowadays, research of phenolic compounds in dietary
ources with hepatoprotective effect is increasing
7,10,14,15]. For such purposes, the use of an estab-
ished cell line for in vitro evaluation is crucial to identify
otential foods. The HepG2 human hepatoma cell line
resents most biochemical requirements and routes for
he detoxification and metabolism of the xenobiotics of
ntact hepatocytes [8], representing an interesting in vitro
xperimental model.
Carbon tetrachloride (CCl4) is widely used for induce
xidative stress and liver injury, being extensively used in
he evaluation of therapeutic potential of drugs and dietary
ntioxidants using HepG2 cells [16–20]. This xenobiotic
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is metabolized by cytochrome P450 2E1 in hepatocytes,
generating trichloromethyl radical (CCl3•). This radical can
bind to cellular molecules (nucleic acid, protein and lipid)
or react with oxygen to form a highly reactive species,
trichloromethylperoxy radical (CCl3OO•), impairing critical
cellular events such as lipid peroxidation and DNA damage
[21–23].

Given the above, the present study evaluated the phe-
nolic content, antioxidant activity, and the presence of
flavonoids as well as the in vitro hepatoprotective effect
of pulp (GPE) and peel/seed (GPSE) hydroalcoholic extracts
of gabiroba fruits against CCl4-induced toxicity in HepG2
cells.

2. Materials and methods

2.1. Chemicals

Folin–Ciocalteu, quercetin, 2,2-diphenyl-1-picrylhy-
drazyl (DPPH), Dulbecco’s modified eagle medium
(DMEM), penicillin, l-glutamine, sodium bicarbonate
and carbon tetrachloride (CCl4) were purchased from
Sigma–Aldrich® (MO, USA). May-Grünwald–Giemsa
stainings was acquired from Merck (Darmstadt, HE,
Germany). Fetal bovine serum (FBS), Hoechst 33342 dye
and 3-(4,5-dimetylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) were purchased from Invitrogen (Gibco®,
NY, USA), whereas ethanol, methanol, acetonitrile, acetic
acid, diphenylboryloxiethylamine and dimethyl sulfoxide
(DMSO) were obtained from Vetec (RJ, Brazil).

2.2. Harvesting and processing of gabiroba fruits

Gabiroba fruits were collected in two regions of Cerrado
biome located in the State of Goiás, Brazil (16◦19′37′′ S;
48◦57′10′′ O and 16◦58′5′′ S; 49◦13′54′′ O). A voucher spec-
imen was  deposited in the Federal University of Goiás
Herbarium (UFG No. 47620). The fruits were stored at
−40 ◦C before processing. Samples were pulped in a fruit
and vegetable depulper (Itametal®, BA, Brazil) and the
resulting materials, pulp and residue (comprising peel
and seeds), were lyophilized in a Liotop L101 lyophilizer
(Liobras®, SP, Brazil) and ground to a fine powder, yielding
17.3% dry pulp and 40.6% dry peel and seeds.

2.3. Preparation of pulp (GPE) and peel/seed extracts
(GPSE) of gabiroba fruits

For obtaining of hydroalcoholic extracts, 70 g of dry
matter were mixed with 300 mL  ethanol:water (7:3, v/v)
under magnetic agitation for 1 h. The mixture was filtered
in Whatman No. 1 filter paper. The filtration residue was
extracted twice more with 300 mL  ethanol:water (7:3, v/v)

and all the filtrates collected were combined and con-
centrated under reduced pressure at 37 ◦C in a rotator
evaporator. The pulp (GPE) and peel/seed (GPSE) extracts
were maintained at −20 ◦C for further use.
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were added to each well to solubilize the formazan crys-
tals. The absorbance was measured on a microplate reader
at 570 nm.

Fig. 2. Experimental design of the evaluation of pulp (GPE) and peel/seed
extracts (GPSE) of gabiroba fruits on CCl4-induced cytotoxicity. HepG2
186 T. de Oliveira Fernandes et al. /

2.4. Determination of total phenolic content of GPE and
GPSE

Total phenolic content was determined by using the
Folin–Ciocalteu method, according to Swain and Hillis [24],
with modifications. Aliquots of both extracts were diluted
in distilled water to form a stock solution (0.5 mg/mL) and
were allowed to react with 10% Folin–Ciocalteu reagent and
7.5% sodium carbonate solution in glass tubes. The reac-
tion mixture was maintained in a water bath at 60 ◦C for
5 min. Color development was measured at 772 nm and the
amount of phenolic compounds was expressed as the gallic
acid equivalent (GAE) mg/100 g of fresh material.

2.5. Determination of the antioxidant potential of GPE
and GPSE

The antioxidant activity of fruits extracts was  deter-
mined by the DPPH• (2,2-diphenyl-1-picrylhydrazil) free
radical-scavenging method, as described by Brand-
Williams et al. [25], with modifications. Briefly, 50 �L of
GPE (0, 50, 75, 125, 150 or 200) or GPSE (0, 20, 25, 30,
40 or 50 �g/mL) ethanolic solution were evaluated against
150 �L DPPH (0.3 mM)  in ethanol. Quercetin was used as
a standard for comparison. After 30 min, absorbance was
measured using a microplate reader (Thermo Scientific
Multiskan® Spectrum, MA,  USA) at 517 nm.  The antioxi-
dant activity of the samples was performed in triplicate and
a nonlinear fit curve was  obtained to determine EC50 (sam-
ple concentration necessary to reduce free radicals’ initial
concentration by 50%). It is assumed that the lower the EC50
value, the higher the antioxidant potential of the extract.

2.6. Chromatographic profiles by HPLC and qualitative
investigation of flavonoids through thin layer
chromatography of GPE and GPSE

Chromatographic profiles of GPE and GPSE were deter-
mined by high performance liquid chromatography in
a Waters e2695 chromatograph (Milford, MA,  USA),
using a Zorbax XDB C18 column (Santa Clara, CA, USA)
(25 cm × 4.6 mm × 5 �m).  The mobile phase was  eluted by
linear gradient composed of spectroscopic grade methanol
(A) and acetonitrile (B) and 2% ultrapure water acidified
with 2% acetic acid (C). During 10 min, the proportion was
15% (A), 17% (B) and 68% (C). At 12 min, it was 26% (A),
30% (B) and 44% (C) and remained like that for 16 min.
Between 16 and 17 min, the mobile phase returned to its
initial proportion and remained thus for 5 min. The injec-
tion volume was of 10 �L and flow rate was of 1 mL/min.
Waters 2998 Photodiode array detector (Milford, MA,  USA)
recorded absorbances from 200 to 430 nm and data were
collected using Empower software. All chromatographic
analyses were performed at 25 ◦C.

Thin layer chromatography was performed to confirm
the presence of flavonoids in the samples as following:
10 �L of a 0.3 mg/mL  solution of both extracts in methanol

was applied to an aluminum plate coated with a thin
layer of silica gel (Silicycle®, Quebec, Canada). The mobile
phase consisted of toluene: ethyl acetate: formic acid in
the proportion of 25:20:5 (v/v/v) and, after the elution,
gy Reports 2 (2015) 184–193

the plate was left at room temperature for 15 min. The
revealer, diphenylboryloxiethylamine diluted in methanol,
was  applied and the plates were observed under UV light
at 365 nm.  The occurrence of yellow spots indicated the
presence of flavonoids.

2.7. Evaluation of hepatoprotective activity of GPE and
GPSE in HepG2 cells exposed to CCl4

2.7.1. Cell culture
HepG2 cell line was purchased from the Rio de Janeiro

Cell Bank at the Paul Ehrlich Technical Scientific Association
(RJ, Brazil). HepG2 cells were cultured in DMEM medium
supplemented with 10% FBS, HEPES (4.5 mM),  penicillin
(100 U/mL), l-glutamine (2 mM)  and sodium bicarbonate
(0.17 M).  Cells were maintained under standard culture
conditions at 37 ◦C and 5% CO2 in a humid environment and
trypsinized for experiments whenever the cellular conflu-
ence was 70%.

2.7.2. Cytotoxicity assay
The assessment of the hepatoprotective effect of GPE

and GPSE was  performed using the 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyl tetrazolium bromide (MTT) reduction
assay, adapted from Mosmann [26]. The experimental
design was  done as described by Deb et al. [27], with modi-
fications (Fig. 2). Cells (1 × 105 cells/well) were seeded in
96-well plates and remained for 24 h in culture condi-
tions in order to adhere to them. The experimental design
involved pre-treatment of HepG2 cells with GPE or GPSE
(both at 800, 850, 900, 950 or 1000 �g/mL, diluted in
DMEM)  for 1 h followed by exposure with CCl4 (4 mM,
diluted in 0.5% DMSO) for 6 h. Control extracts groups
were carried out without CCl4 exposure. At the exposure
time, the medium was exchanged and after 21 h, sufficient
time for the cells to restore metabolic functions after the
insult, 10 �L of MTT  (5 mg/mL) were added to each well
and the plates were incubated for 3 h in culture condi-
tions. Supernatants were removed and 100 �L of DMSO
cells were pre-treated with GPE or GPSE (both at 800, 850, 900, 950 or
1000 �g/mL) for 1 h and then exposed to CCl4 (4 mM)  for 6 h. Posteriorly,
the medium was exchanged and after 21 h, sufficient time for the cells to
restore metabolic functions after the insult, the cell viability was  evaluated
by  the MTT  assay.



 Toxicolo

2

G
(
t
p
t
H
G
c
w
l
w
r
a
o
Z
a
c

2

b
H
s
(
c
c
3
T
(
t

2

e
a
m
H
p
q
f
c
m
t
e
a
r

2

P
U
d
T
y
c
f

3.3.1. Effects of GPE and GPSE on CCl4-induced
cytotoxicity

Cells only exposed to both extracts of gabiroba fruits
(800–1000 �g/mL) or CCl4 vehicle (DMSO 0.5%) showed no

Table 1
Total phenolic contents measured by Folin–Ciocalteu method and antiox-
idant activity using DPPH• free radical scavenging assay of both pulp (GPE)
and peel/seed extracts (GPSE) of gabiroba fruits.

Total phenolic content
(mg  AGE/100 g fw)

Antioxidant
activity (EC50 mg/L)

GPE 324.8 ± 8.5 130.4 ± 3.5b

GPSE 515.9 ± 4.4a 34 ± 0.9b,c
T. de Oliveira Fernandes et al. /

.7.3. Cell morphology evaluation
Cell morphology was evaluated using May-

rünwald–Giemsa dye [28]. Round sterile coverslips
HDA Instruments® Co., Jiangsu, China) were placed in
he wells of a 6-well plate. Cells (1 × 106 cells/well) were
lated and incubated for 24 h in culture conditions. Then,
he assay for hepatoprotective activity was carried out.
owever, only the concentration of 1000 �g/mL of GPE or
PSE was applied, because it exerted the best effect on
ell viability. At the end of the experiment, the coverslips
ere withdrawn from each well, washed with PBS and

eft at room temperature until completely dry. Coverslips
ere placed over glass slides (Exacta®, SP, Brazil) using

esin to attach them. Cells were stained for 3 min, washed
nd left to dry at room temperature. The slides were
bserved under a light microscope (AxioScope A1 Carl
EISS®, Gottingen, Germany) using 100× magnification
nd photographed using an AxioCam MRc  Carl Zeiss
amera and AxioVs40V 4.7.2.0 Carl Zeis software.

.7.4. Nuclei morphology evaluation
Apoptotic nuclear changes were assessed using the DNA

inding dye Hoechst 33342 as described by Mota et al. [29].
epG2 cells (1 × 106 cells/well) were cultured over cover-

lips in 6 well plates and pre-treated with GPE or GPSE
both at 1000 �g/mL) followed by exposure to CCl4. Then,
ells were fixed with methanol for 5 min, washed with ice-
old PBS T20 twice and stained with 100 �L of Hoechst
3342 (10 �g/mL, diluted in PBS) for each slide, for 20 min.
he slides were observed under a fluorescence microscope
Leica DMI 4000B®, Solms, Germany) using 40× magnifica-
ion and photographed using a Leica DCF 340 FX® camera.

.7.5. Activities of ALT and AST in cell supernatants
An evaluation of the activities of the liver-specific

nzymes alanine aminotransferase (ALT) and aspartate
minotransferase (AST) is recommended for the assess-
ent of hepatocellular function [30]. For this purpose,
epG2 cells (1 × 106 cells/well) were seeded in 24 well
lates, incubated for 24 h in culture conditions and subse-
uently pre-treated with GPE or GPSE (both at 1000 �g/mL)
ollowed by exposure to CCl4. After supernatants were
ollected and centrifuged at 5000 rpm for 5 min  using a
icrotube centrifuge (Espresso centrifuge, Thermo Elec-

ron Corporation®, Waltham, MA,  USA). Analyses of the
nzymatic activities of AST and ALT were performed
ccording to the manufacturer’s instructions on their
espective analysis kit (LabTest®, SP, Brazil).

.8. Statistical analysis

Statistical analysis was performed using GraphPad
rism version 5.01 software for windows (San Diego, CA,
SA). The data were expressed as the mean ± standard
eviation of three independent experiments in triplicates.

he inter group variation was measured by one-way Anal-
sis of Variance (ANOVA) followed by Bonferroni’s test for
ytotoxicity and aminotransferases assays and Tukey test
or antioxidant activity. The Student’s t test was  applied
gy Reports 2 (2015) 184–193 187

to compare the results of total phenolic content. Statistical
significance was established as p < 0.05.

3. Results

3.1. Total phenolic content and antioxidant activity of
GPE and GPSE

Results of total phenolic content and antioxidant activ-
ity analysis are shown in Table 1. The total phenolic content
of both extracts was  measured by Folin–Ciocalteu, and the
values found of phenolic compounds for GPSE (515.9 mg
AGE/100 g fw)  were 60% higher than those found in GPE
(324.8 mg  AGE/100 g fw) (p < 0.001). This data correlates
with that of antioxidant activity using DPPH• free radical
scavenging assay. The EC50 obtained for GPSE (34 mg/L)
was 74% lower than GPE (130.4 mg/L) (p < 0.05), showing
that GPSE is more potent showing a higher antioxidant
activity.

3.2. Chromatographic profiles of GPE and GPSE by HPLC

The analysis of chromatogram spectrums of GPE
and GPSE showed compounds with characteristics of
flavonoids, i.e. a common basic C6 C3 C6 skeleton orga-
nized into two  aromatic rings: ring A occurs between two
maxima of absorption bands (240–285 nm)  identified as
band II, and ring B occurs between 300 and 400 nm,  iden-
tified as band I [31]. Two  components were verified as
probably being flavonoids (i.e. flavonols) in the GPE profile,
the first showing band II at 274.8 nm and band I at 339.2 nm,
and the second structure showing band II at 255.9 nm and
band I at 353.6 nm (Fig. 3A). Similar results were observed
in the GPSE chromatogram in which the first structure pre-
sented band II at 274.8 nm and band I at 338 nm,  and the
second presented band II absorption at 255.9 nm and band
I at 356.3 nm (Fig. 3B). Along with these data, the thin
layer chromatography analysis confirmed the presence of
flavonoids in both extracts.

3.3. Hepatoprotective activity of GPE and GPSE in HepG2
cells exposed to CCl4
Data are expressed as means ± SD of three independent experiments in
triplicate.

a p < 0.001. Student’s t test, p < 0.05.
b p < 0.0001 vs. quercetin (3.5 ± 0.1 mg/L).
c p < 0.0001 vs. GPE. One way ANOVA and Tukey test, p < 0.05.
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Fig. 3. Chromatographic profiles of pulp (GPE) (A) and peel/seed extracts (GPSE) (B) of gabiroba fruits by HPLC, traced from 200 to 430 nm. UV–vis absorption
spectra  are highlighted and bands of absorption are characteristic of flavonoids.
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Fig. 4. Effect of pulp (GPE) and peel/seed extracts (GPSE) of gabiroba fruits with or without exposure to CCl4 on cell viability of HepG2 cells. The viability
of  cells (1 × 105 cells/well) was  assessed using MTT  assay: (A) Viability of cells treated with GPE or GPSE (both at 800, 850, 900, 950 or 1000 �g/mL); (B)
Viability of cells pretreated for 1 h with GPE or GPSE (both at 800, 850, 900, 950 or 1000 �g/mL) followed by exposure to CCl4 (4 mM)  for 6 h. Experiments
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re  expressed as mean ± SD of three independent experiments in triplicat
est,  p < 0.05).

hanges in cell viability (Fig. 4A). On the other hand, HepG2
ells exposed to CCl4 (4 mM)  presented a significant reduc-
ion of 79% (p < 0.0001) in cell viability, when compared to
he control group. In turn, pre-treatment of HepG2 cells
ith all concentrations of GPE or GPSE followed by expo-

ure to CCl4 significantly (p < 0.0001) protected against
ytotoxicity. In this experiment, GPSE was more effective
han GPE (Fig. 4B). The two higher concentrations of 950
nd 1000 �g/mL of both extracts showed an increase of via-
ility of 126.4 and 163.5% for GPE and 423 and 326.8% for
PSE, respectively, when compared to CCl4 group. In view
f these results, 1000 �g/mL of GPE and GPSE were chosen
or subsequent assays.

.3.2. Effects of GPE and GPSE on the morphology of
epG2 cells exposed to CCl4

As shown in Fig. 5, HepG2 cells pretreated with GPE
r GPSE (both at 1000 �g/mL) showed a general morphol-
gy similar to control group using May-Grünwald–Giemsa
taining. In contrast, cells exposed to CCl4 presented char-
cteristics of apoptosis such as cell shrinkage, blebbed
urfaces, prominent cytoplasmic aggregation, disinte-
rated nuclear membrane and DNA fragmentation. On the
ther hand, pre-treatment with GPE or GPSE protected
gainst CCl4-induced cell morphology damage. In parallel,
s shown in Fig. 6, an evaluation of nuclei morphology by
oechst 33342 staining showed that GPE, GPSE and control
roups had normal-shaped nuclei with uniform staining.
owever, the cells exposed to CCl4 resulted in unorga-

ized nuclei morphology, condensed nuclear fragments
nd chromatin aggregation, typical events of cells under-
oing apoptosis. On the other hand, the pre-treatment
f cells with GPE or GPSE followed by exposure to CCl4
rotected against nuclei damage, which reflects chemopro-
ective activity of gabiroba fruits.
.0001 vs. control and #p < 0.001 vs. CCl4. One way  ANOVA and Bonferroni

3.3.3. Effects of GPE and GPSE on AST and ALT activities
of HepG2 cells exposed to CCl4

In HepG2 cells exposed to CCl4, both AST and ALT lev-
els presented a marked increase of 35% (p < 0.05) and 124%
(p < 0.0001), respectively, in relation to the control group.
By contrast, the pre-treatment of HepG2 cells with GPE
(p < 0.001) or GPSE (p < 0.0001) significantly reduced AST
and ALT activities, reaching normal values, when com-
pared to control (Fig. 7). These results indicate that the
gabiroba fruits extracts succeeded in protecting cell mem-
branes from the disruption induced by the toxic effects of
CCl4.

4. Discussion

The liver is a multifunctional organ and plays a cen-
tral role in the detoxification and metabolic homeostasis.
When overloaded, its cellular redox state is susceptible to
imbalances which lead to the progression of a variety of
hepatic diseases [32]. Since dietary components can mod-
ulate antioxidant status of human body, adequate food
intake is important for the maintenance of liver health
[13,33,34].

In this study, gabiroba fruits, especially the GPSE, pro-
tected HepG2 cells against CCl4-induced damage. CCl4 is
metabolized by citochrome P450 in highly reactive free
radicals such as CCl3OO• and CCl3• that promoted marked
cellular changes [35,36]. Thus, pretreatment of HepG2 cells
with GPE or GPSE followed by exposure to this xenobio-
tic protected cells against the cytotoxicity, indicating that
the extracts counteracted the toxicity of products gener-
ated by metabolism of CCl4. Weber et al. [21] show that

CCl3OO• is more reactive, has a shorter half-life than CCl3•

and responsible for the chain reaction that leads to cell
death. Thus, gabiroba extracts seem to act in the initial steps
of metabolism of CCl4.
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Fig. 5. Photomicrography of representative morphological changes of HepG2 cells using May-Grünwald–Giemsa staining. The cells (1 × 106 cells/well)
were  pretreated with or without the pulp (GPE) or peel/seed extracts (GPSE) of gabiroba fruits (both at 1000 �g/mL) for 1 h followed by exposure to CCl4
(4 mM)  for 6 h. Posteriorly, the medium was exchanged and after 24 h, the cells were stained and morphological changes were analyzed. The images were
taken  using a 100× objective. Arrows in CCl4 group indicate DNA fragmentation.

Fig. 6. Photomicrography of representative of nuclear morphological changes of HepG2 cells using Hoechst 33258 dye. The cells (1 × 106 cells/well) were
pretreated with or without the pulp (GPE) or peel/seed extracts (GPSE) of gabiroba fruits (both at 1000 �g/mL) for 1 h followed by exposure to CCl4 (4 mM)
for  6 h. Posteriorly, the medium was exchanged and after 24 h the cells were stained and nuclear morphological changes were analyzed. The images were
taken  using a 40× objective.
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Fig. 7. Effect of pulp (GPE) and peel/seed extracts (GPSE) of gabiroba fruits after exposure to CCl4 on aminotransferases activity in HepG2 cells. Cells were
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retreated for 1 h with GPE or GPSE (both at 1000 �g/mL) followed by ex
he  enzymatic activities of AST (A) and ALT (B) were performed. Each bar 

s.  control and #p < 0.0001 and �p < 0.001 vs. CCl4. One way ANOVA and B

The oxidative stress triggered by CCl4 leads to apoptotic
ell death [49] as noted herein in the morphological anal-
sis of HepG2 cells exposed to this xenobiotic. However
ells pretreated with GPE or GPSE followed by exposure
o CCl4 showed morphology similar to that of the con-
rol group, confirming that the gabiroba fruits extracts
nhibited molecular derangements that would culminate
n structural alterations and cell death. This result was  cor-
oborated by the analysis of ALT and AST liver enzymes,
hich overflow to extracellular medium due to membrane
ermeability alterations after cellular injury [37,38]. As
xpected, exposure to CCl4 induced a marked release of ALT
nd AST in HepG2 cells, while the pretreatment with GPE
r GPSE promoted normalization of liver enzyme levels,
ndicating the protection of the cell membrane.

Several studies have reported the protective effects of
ood components. Malta et al. [39] found Campomanesia
ambessedes, a fruit of the same genus that gabiroba, pro-
ects DNA of hydrogen peroxide-induced genotoxicity in
at hepatocytes. Ávila et al. [40] showed that pomegranate,

 phenolic compounds-rich fruit, protects mice against
exavalent chromium-induced genotoxicity. Li et al. [41]
howed pretreatment of HepG2 cells with tea polyphe-
ols have protective action against CCl4-induced damage
quivalent to those exhibited by GPE and GPSE, while pre-
reatment of cells with gallic acid had an effect similar to
hat observed by GPSE. Similarly, Bhavsar et al. [42] evalu-
ted the protective activity of ethyl acetate fraction of Citrus
imon which exerted activity comparable to that presented
y GPSE.

The hepatoprotective effect observed by gabiroba fruits
xtracts is possibly, at least in part, attributed to the
resence of phenolic compounds, especially flavonoids, as
bserved here. Corroborating these results, Souza et al. [5]

ound that hydroethanolic extract obtained from gabiroba
ruit barks presents flavonoids such as quercetin and

yricetrin, which are also found in the leaves of C. adaman-
ium [43]. The intake of flavonoids-rich foods has been
o CCl4 (4 mM)  for 6 h. After supernatants were collected and analyses of
s mean ± SD of three independent experiments. (*p < 0.0001 and ˆp < 0.05
ni test, p < 0.05).

associated with the prevention of many degenerative dis-
eases, such as liver diseases [9,48]. Some studies have
showed antioxidant activity and phenolic contents of
whole Campomanesia pubescens fruits ethanolic extract are
similar to those obtained here by GPE or GPSE [44,45].
However the second stands out in greater amount of
polyphenols and antioxidant activity, which could be
related with the best results found here against CCl4-
induced damage. In this sense its worth to mention,
according to Ignat et al. [9], fruit waste, mainly peel and
seeds, presents higher amounts of phenolic compounds
than their edible parts.

In addition, the expression of cytoprotective enzymes
via the nuclear factor erythroid-2 related factor 2 (Nrf2)
pathway is activated in response to oxidative stress [32].
Polyphenols-rich foods can overexpress highly protective
gene via Nrf2 protecting the cells against the oxidative
damage and promoting cell survival [46,47,48]. Thus, in
view of the large amount of polyphenols found in gabiroba
fruits, it is suggested that, at least in part, that the protec-
tive effect found in GPE and GPSE could be also related to
modulation of the Nrf2 pathway.

In conclusion, the results showed that gabiroba fruits
had a positive effect in HepG2 cells injured by CCl4, which
could be associated with the antioxidant activity exerted
by phenolic compounds of these fruits. This reinforces
the importance of dietary antioxidants for the nutritional
support of pathological conditions associated to oxidative
stress, such as liver diseases [50]. Therefore, further stud-
ies should be conducted on gabiroba fruits to evaluate its
liver protective activity using animal models and clinical
trials. The gabiroba’s liver protective activity seen in this
research leads one to believe that it should be considered
in further studies aiming to include it in the composition of

healthy diets for people with liver disturbances and also for
healthy people. It should also be considered in the formu-
lation of nutraceuticals and dietary supplements intended
for disease risk reduction.
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