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Short  term  inhalation  of  cigarette  smoke  (CS)  induces  significant  lung  inflammation  due  to  an  imbalance
of  oxidant/antioxidant  mechanisms.  Aç ai fruit  (Euterpe  oleracea)  has  significant  antioxidant  and  anti-
inflammatory  actions.  The  present  study  aimed  to determine  whether  oral  administration  of  an  aç ai
stone  extract  (ASE)  could  reduce  lung  inflammation  induced  by  CS.  Thirty  C57BL/6  mice  were  assigned
to  three  groups  (n =  10 each):  the  Control  +  A  group  was  exposed  to  ambient  air  and  treated  orally  with
ASE  300  mg/kg/day;  the  CS  group  was  exposed  to  smoke  from  6  cigarettes  per  day  for  5  days;  and  the
CS +  A  group  was  exposed  to  smoke  from  6 cigarettes  per  day  for 5 days  and  treated  orally  with  ASE
(300  mg/kg/day).  On  day  6,  all  mice  were  sacrificed.  After  bronchoalveolar  lavage,  the  lungs were  removed
for histological  and  biochemical  analyses.  The  CS  group  exhibited  increases  in  alveolar  macrophage  (AMs)
and neutrophil  numbers  (PMNs),  myeloperoxidase  (MPO),  superoxide  dismutase  (SOD),  catalase  (CAT),
and  glutathione  peroxidase  activities  (GPx),  TNF-�  expression,  and  nitrites  levels  in  lung  tissue  when
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compared  with  the  control  ones  (p <  0.001  for  all parameters).  The  AMs,  PMNs,  MPO,  SOD,  CAT,  GPx
and  nitrite  were  significantly  reduced  by oral  administration  of  ASE  when  compared  with  CS group
(p  <  0.001  for  all  parameters,  with  exception  of AMs  p  <  0.01).  The  present  results  suggested  that  systemic
administration  of an ASE  extract  could  reduce  the  inflammatory  and  oxidant  actions  of  CS.  Thus,  the
results  of  this  study  in mice  should  stimulate  future  studies  on  ASE  as  a potential  agent  to  protect  against
CS-induced  inflammation  in  humans.
ntroduction

Chronic obstructive pulmonary disease (COPD) is one of the
eading causes of worldwide morbidity and mortality. It is pre-
icted that COPD will rank the third most common cause of death
y 2020 (O’Donnell and Parker 2006; Sapey and Stockley 2006).

OPD is characterized by a slow, progressive, and largely irre-
ersible limitation in airflow. This condition arises due to chronic
ronchitis and/or emphysema and is associated with an abnormal
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Open access under the Elsevier OA license. 
© 2011 Elsevier GmbH.

inflammatory response of the lungs. Cigarette smoke (CS) is a
complex admixture of more than 4700 chemical compounds and
oxidants (Pryor and Stone 1993). CS is the major etiologic factor
in the pathogenesis of COPD (Menezes et al. 2005). Although acute
lung inflammation (ALI) caused by CS exposure does not model all
aspects of COPD pathogenesis, the two  processes do share certain
hallmarks, including accumulation of inflammatory cells such as
alveolar macrophages and neutrophils, and lung oxidative stress
(Silva Bezerra et al. 2006).

The presence of CS in lung tissue is responsible for a increases
the amount of oxidants in alveolar pockets from two  sources;
first, CS contains an impressive number of free radicals that are

Open access under the Elsevier OA license. 
deposited in alveoli; second, CS increases the number of inflam-
matory cells in alveoli, and these spontaneously release oxidants
(MacNee 2005). CS contains oxidants and free radicals both in the
gas phase (alkyl, peroxil, nitric oxide, and superoxide anion) and
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he tar phase (semiquinone). These agents can stimulate alveolar
acrophages and neutrophils to produce reactive oxygen species

ROS) and release cytokines that recruit inflammatory cells into
he lung (MacNee 2000). The increase of ROS production due to CS
an result in an imbalance between oxidants and antioxidants. This
mbalance leads to an increase in superoxide dismutase (SOD), cata-
ase (CAT), glutathione peroxidase (GPx) (Valenca et al. 2008b), and

yeloperoxidase (MPO) and a simultaneous decrease in the ratio of
educed glutathione (GSH) to oxidized glutathione (GSSG) (Rahman
nd Adcock 2006). CS exposure is also associated with an increase
n TNF-� (da Hora et al. 2005; Le Quement et al. 2008; Valenca et al.
008a; Valenca and Porto 2008), which is known induce the expres-
ion of inducible nitric oxide synthase (iNOS) (Moncada and Higgs
993), which, in turn, increases the nitric oxide (NO) concentration.

The Euterpe oleracea Mart., popularly known as “aç aí”, is
idely cultivated in the Amazon region of Brazil. Chemical stud-

es have shown that the aç aí has a diverse composition of
ydroxybenzoic acids, antioxidant polyphenolics, flavan-3-ols, and
nthocyanins, predominantly cyanidin 3-O-rutinoside and cyani-
in 3-O-glucuronide (Del Pozo-Insfran et al. 2004; Lichtenthaler
t al. 2005; Rodrigues et al. 2006). Others studies have shown that
onsumption of the aç ai has various benefits attributed to its high
uperoxide anion scavenging properties, its anti-inflammatory
otential, through the inhibition of cyclooxygenases 1 and 2
Schauss et al. 2006), its vasodilator effects (Rocha et al. 2007), and
ts inhibition of NO production and iNOS activity and expression
Matheus et al. 2006). Therefore, the present study was undertaken
o determine whether treatment with an aç aí stone extract could
educe the inflammatory and oxidative activities induced by CS in
ice lungs.

aterials and methods

eagents and animals

Bovine serum albumin (BSA), bromophenol blue, 5,5′-dithiobis-
2-nitrobenzoic acid) (DTNB), eosin, glycerol, hematoxylin, hex-
decyltrimethylammonium bromide (HTAB), 2-mercaptoethanol,
aphthylenediamide dihydrochloride, nicotinamide adenine dinu-
leotide phosphate (NADPH), oxidized glutathione, phosphoric
cid, reduced glutathione, sodium acetate, sodium dodecyl sulfate
SDS), sodium nitrite, sulfanilamide, 3,3′,5,5′-tetramethylbenzidine
TMB), triethanolamine, Tris–HCl, Tween 20, and 2-vinylpyridine
ere purchased from Sigma Chemical (St. Louis, MO, USA). Brad-

ord reagent was purchased from Bio-Rad (Hercules, CA). Ethanol,
ormalin, hydrogen peroxide, potassium phosphate, and sodium
hloride (NaCl) were purchased from Vetec (Duque de Caxias,
razil). Eight-week-old, male, C57BL/6 mice (18–22 g) were pur-
hased from the Instituto de Veterinária – Universidade Federal
luminense (Niterói, Brazil). The mice were fed Purina chow and
llowed unrestricted access to water in a controlled environment
aintained at 18–22 ◦C, 50–70% relative humidity, and a 12-h

ight/dark cycle. Mice were allowed to acclimate for two weeks
rior to experimental procedures.

reparation of extract from E. oleracea (aç aí)

E. oleracea Mart. fruits were obtained from the Amazon Bay
Belém do Pará, Pará, Brazil) excicata number 29052 Museu
oeldi—Belem do Para. Hydroalcoholic extracts were obtained

rom a decoction of the stone. Approximately 200 g of aç aí stone

ere boiled in 400 ml  of water for 5 min, mixed for 2 min, and

hen boiled again for 5 min. The decoction was cooled to room
emperature and then extracted by addition of 400 ml  of ethanol
ith shaking for 2 h. The extract was stored in dark bottles inside
icine 19 (2012) 262– 269 263

a refrigerator (4 ◦C) for 10 days. After this maceration period, the
hydroalcoholic extracts of aç aí were filtered through #1 Whatman
filter paper, and the ethanol was evaporated using a rotary evapo-
rator (Fisatom Equipamentos Científicos Ltda São Paulo, São Paulo,
Brazil) under low pressure at 55 ◦C. The extract was  then lyophilized
(LIOTOP model 202, Fisatom Equipamentos Científicos Ltda São
Paulo, São Paulo, Brazil) with temperature from −30 to −40 ◦C and
vacuum of 200 mm Hg and frozen at −20 ◦C until use. Typically
100 g of stone yielded approximately 5 g of lyophilized extract. ASE
was  analyzed on a RP-18 column (250 mm  × 4 mm,  5 �m particles)
according to a procedure reported by Peng et al. (2001).  Elution was
made with solvents A [0.2% (v/v) phosphoric acid] and B [82% (v/v)
acetonitrile, 0.04% (v/v) phosphoric acid]. Flow rate was 1 ml/min.
DAD UV–vis absorption spectra were recorded on-line during HPLC
analysis. The HPLC elution profile observed is strongly indicative of
the presence of proanthocyanidins (Peng et al. 2001). The peak elut-
ing at 37.2 min corresponds to catechin as confirmed by co injection
of a standard and by comparison of the ultraviolet absorption spec-
trum. The late elution (at 54.7 min) and UV spectrum of the main
peak were consistent with the presence of polymeric proantho-
cyanidins (Fig. 1).

CS exposure and procedures

To study CS effects, 20 C57BL/6 mice, 8-week-old, were exposed
to 6 commercial full-flavored Marlboro cigarettes (10 mg  tar, 0.9 mg
nicotine, and 10 mg  monoxide) per day for 5 days with the use
of a smoking chamber, as described previously (Lanzetti et al.
2008; Valenca et al. 2008b, 2009). Briefly, animals were placed in
the inhalation chamber (40 cm long, 30 cm wide, and 25 cm high),
which had been placed inside an exhaust hood. In this condition,
the exhaust fan was turned off. A cigarette was  coupled to a plas-
tic 60-ml syringe, and puffs of smoke were drawn into the syringe
and then expelled into the inhalation chamber. One liter of smoke
from each cigarette was aspirated with this syringe (20 puffs of
50 ml  each), and each puff was immediately injected into the cham-
ber. The animals were maintained in this smoke-filled air condition
(±3%) for 6 min. Then, the cover of the inhalation chamber was
removed, and the exhaust fan of the hood was turned on to evacu-
ate the smoke. Smoke was  evacuated within 1 min. This exposure to
CS was  repeated twice (2× 6 min) with an exhaust interval of 1 min
after each exposure. This procedure was  repeated three times per
day (morning, noon, and afternoon), which resulted in exposure
to the smoke of six cigarettes over 36 min. Each cigarette produced
300 mg/m3 of total particulate matter in the chamber (measured by
weighing material collected on Pallflex filters). Carboxyhemoglobin
(COHb) levels were measured to confirm that the treatment was not
toxic, as described previously (Valenca et al. 2008b).

Male C57BL/6 (n = 30) mice were assigned to three groups (n = 10
each): the CS-group was  exposed to smoke from 6 cigarettes per day
for 5 days; the CS + A group was  exposed to smoke from 6 cigarettes
per day for 5 days and received a daily treatment of 300 mg/kg
ASE; and the Control + A group was exposed to ambient, smoke-
free air and received a daily treatment of 300 mg/kg ASE. All the
ASE treatments were performed by oral gavage once per day. All
procedures were carried out in accordance with The Ethics Com-
mittee for Experimental Animals Use and Care (CEA) of Instituto de
Biologia Roberto Alcântara Gomes/Universidade do Estado do Rio
de Janeiro. The CEA follow guidelines from Intramural Animal Care
and Use (ACU) program of the National Institutes of Health (NIH).

Bronchoalveolar lavage and lung homogenates
One day after the final ambient air or CS exposure, the mice
were sacrificed by cervical displacement. Bronchoalveolar lavage
(BAL) was performed in the left lungs of all animals. Briefly, the
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Fig. 1. The HPLC elution profile observed is strongly indicative of the presence of proanthocyanidins. The peak eluting at 37.2 min  corresponds to catechin as confirmed
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ight lung was clamped, and a cannula was inserted into the
rachea. The airspaces were washed with buffered saline solu-
ion (500 �l) three times, and the flow-through (final volume
.2–1.5 ml)  was maintained on ice. Next, the BAL fluid was  cen-
rifuged, and the supernatant was collected and stored on ice for
ubsequent analyses of nitrite and MPO  content. Then, the left
ungs of each group were removed, and immediately homoge-
ized (Homogenizer NovaTécnica mod  NT 136, Piracicaba, Brazil) in
.0 ml  potassium phosphate buffer (pH 7.5). The homogenates were
entrifuged at 7000 × g (Centrifuge FANEM mod  243M, São Paulo,
razil) for 10 min, and the supernatants were stored at −20 ◦C

or analyses of SOD, CAT, GPx, the GSH/GSSG ratio, and TNF-�
xpression. The total protein in the samples was  determined by
he Bradford method (Bradford, 1976).

issue processing and morphometry

The right ventricles of all mice were perfused with saline to
emove the blood. Next, the right lungs of all animals were inflated
ith 4% phosphate buffered formalin (pH 7.2) at 25 cm H2O pres-

ure for 2 min  and then ligated, removed, and weighed. Inflated
ungs were fixed for 48 h before embedding in paraffin. Sagittal, 4-
m serial sections of the right lungs were stained with hematoxylin
nd eosin (H&E) for histological analyses. Alveolar macrophage and
eutrophil numbers were estimated by counting ten different ran-
om fields from lung sections present in three different slides. Two
linded investigators performed morphometry by counting coded
ections.

itrite content
The nitrite levels in BAL fluid were determined by a method
ased on the Griess reaction (Green et al. 1982). A total of 100 �l
f sample was mixed with 100 �l of Griess reagent (1% sul-
anilamide in 5% phosphoric acid and 0.1% naphthylenediamide
. The late elution (at 54.7 min) and UV spectrum of the main peak are consistent
 the compounds present in ASE were provided by positive mode electrospray mass
e indicative of proanthocyanidins with 2, 3, 4, 5, 6 and 7 flavan units.

dihydrochloride in water) and incubated at room temperature
for 10 min. The absorbance was  measured with a plate reader at
550 nm (Bio-Rad Microplate Reader model 680, Hercules, CA, USA).
Nitrite concentrations in the samples were determined from a
standard curve, generated by different concentrations of purified
sodium nitrite.

Myeloperoxidase activity

The MPO  activity in BAL fluid was  measured with HTAB, TMB,
and hydrogen peroxide (Suzuki et al. 1983). Initially, 100 �l of sam-
ple was  centrifuged with 900 �l of HTAB at 14,000 × g for 15 min.
Then, 75 �l of the supernatant was incubated with 5 �l of TMB  for
5 min  at 37 ◦C. Then, 50 �l of hydrogen peroxide was added, and
the mixture was incubated for 10 min  at 37 ◦C; finally, 125 �l of
sodium acetate buffer was  added. The reaction was measured with
a microplate reader at 630 nm.

Superoxide dismutase, catalase, and glutathione peroxidase
activities

SOD, CAT, and GPx activities were determined in lung
homogenates. SOD activity was  assayed by monitoring the inhibi-
tion of adrenaline auto-oxidation measured at 480 nm (Bannister
and Calabrese 1987). CAT activity was measured by the rate of
decrease in hydrogen peroxide concentrations measured at 240 nm
(Aebi 1984). GPx activity was measured by monitoring the oxida-
tion of NADPH at 340 nm in the presence of hydrogen peroxide
(Flohe and Gunzler 1984).

Reduced glutathione/oxidized glutathione ratio
The GSH/GSSG ratio was  estimated in lung homogenates by
first reacting GSH and GSSG with DTNB, and measuring the 2-
nitro-5-thiobenzoate (TNB) chromophore produced in the reaction
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ig. 2. Photomicrograph of lung sections stained with hematoxylin and eosin (400×
f  ASE). (b) CS group (mice exposed to six cigarettes per day for 5 days and treated w
reatment with 300 mg/kg of ASE).

Rahman et al. 2006). To determine GSSG, samples were treated
ith 2-vinylpyridine, which covalently reacts with GSH (but
ot GSSG). The excess 2-vinylpyridine was neutralized with tri-
thanolamine. Then, the rate of formation of TNB, measured at
12 nm,  was proportional to the concentration of GSSG in the sam-
le. GSH or GSSG concentrations in the samples were determined
rom a standard curve, generated with different concentrations of
urified GSH or GSSG.

estern blotting

Samples from lung homogenates were denatured in the sam-
le buffer (50 mM  Tris–HCl pH 6.8, 1% SDS, 5% 2-mercaptoethanol,
0% glycerol, 0.001% bromophenol blue) and heated in boiling
ater for 3 min. Samples (50 �g of total protein) were resolved
ith 15% SDS polyacrylamide gel electrophoresis and the sep-

rated proteins were transferred to nitrocellulose membranes
Amersham Pharmacia Biotech GE Healthcare Bio-Sciences Corp.,
iscataway, NJ, USA). Rainbow markers (Amersham Pharmacia
iotech GE Healthcare Bio-Sciences Corp.) were run in parallel
o estimate molecular weights. Membranes were blocked with
ween-TBS (20 mM Tris–HCl, pH 7.5, 500 mM NaCl, 0.5% Tween-20)
ontaining 2% BSA, and incubated with goat anti-mouse primary
NF-� antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA).
fter extensive washing in Tween-TBS, the membrane was incu-
ated with biotin-conjugated donkey anti-goat immunoglobulin G

SantaCruz Biotechnology) for 1 h. Then, the blot was developed
ith the Electrochemiluminescent Western Detection Reagent

Amersham Pharmacia Biotech GE Healthcare Bio-Sciences Corp.),
ccording to the manufacturer’s instructions.
ontrol + A group (mice exposed to ambient air plus daily treatment with 300 mg/kg
ehicle). (c) CS + A group (mice exposed to six cigarettes per day for 5 days plus daily

Statistical analysis

Values for all measurements are expressed as means ± SEM.
Analyses of nitrite, MPO, SOD, CAT, and GPx were performed with
a one way ANOVA, followed by a Tukey post hoc test (p < 0.05
was  considered significant). Analyses of cell morphometry and
GSH/GSSG ratios were performed with the Kruskal–Wallis test,
followed by the Dunn’s post hoc test (p < 0.05 was considered signif-
icant). GraphPad Prism software was  used to perform the statistical
analyses (GraphPad Prism version 5.0, San Diego, CA, USA).

Results

ASE reduced cell migration into the lung

Lung sections were examined by light microscopy to determine
whether ASE was protective against the effects of CS. The Control + A
group lungs exhibited normal-sized air spaces and thin alveolar
septa (Fig. 2a). The CS-group lungs exhibited cells primarily in the
air spaces, but no changes were observed in lung histoarchitecture
(Fig. 2b). The CS + A group exhibited lung morphology similar to
that of the control group (Fig. 2c).

Alveolar macrophages (AMs) and neutrophils (PMNs) were
counted in lung sections stained with H&E (Fig. 3). The numbers of
AMs  and PMNs in the CS-group were significantly higher than those

observed in the Control + A group (p < 0.001 for both). Remarkably,
the numbers of AMs  and PMNs in the CS + A group were significantly
reduced compared to those observed in the CS-group (p < 0.001 for
both). However, the number of PMNs in the CS + A group remained
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Fig. 3. Morphometry of alveolar macrophages and neutrophils in lung sections. Con-
trol + A group (mice exposed to ambient air plus daily treatment with 300 mg/kg
of  ASE). CS group (mice exposed to six cigarettes per day for 5 days and treated
with  vehicle). CS + A group (mice exposed to six cigarettes per day for 5 days plus
daily treatment with 300 mg/kg of ASE). Data are expressed as mean ± SEM (n = 7
for all groups) and were analyzed by Kruskal–Wallis followed with Dunn’s post hoc
t
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Fig. 5. Effects of ASE on the myeloperoxidase activity in bronchoalveolar lavage
fluid. Control + A group (mice exposed to ambient air plus daily treatment with
300 mg/kg of ASE). CS group (mice exposed to six cigarettes per day for 5 days and
treated with vehicle). CS + A group (mice exposed to six cigarettes per day for 5 days
plus daily treatment with 300 mg/kg of ASE). Data are expressed as mean ± SEM
(n  = 8 for all groups) and were analyzed by one-way ANOVA followed with Tukey post
est  (p < 0.05). *Compared with Control + A group. #Compared with CS group. The
ymbols in the figure are *p < 0.05, ##p < 0.01, ###p < 0.001, ***p < 0.001.

ignificantly higher than that observed in the Control + A group
p < 0.05).

ffects of ASE on nitrite levels

The nitrite levels in BAL fluids were higher in the CS-group
Fig. 4) compared to the Control + A group (p < 0.001). However,
itrite levels in the CS + A group (p < 0.001) were lower than those
bserved in the CS-group.

SE reduced myeloperoxidase activity

MPO  activity in BAL fluids were higher in the CS-group (Fig. 5)
ompared to the Control + A group (p < 0.001). The MPO  activity in

he CS + A group was lower than that observed in the CS-group
p < 0.001).

ig. 4. Effects of ASE on the nitrite levels in bronchoalveolar lavage fluid. Control + A
roup (mice exposed to ambient air plus daily treatment with 300 mg/kg of ASE). CS
roup (mice exposed to six cigarettes per day for 5 days and treated with vehicle).
S + A group (mice exposed to six cigarettes per day for 5 days plus daily treatment
ith 300 mg/kg of ASE). Data are expressed as mean ± SEM (n = 10 for all groups)

nd were analyzed by one-way ANOVA followed with Tukey post hoc test (p < 0.05).
Compared with Control + A group. #Compared with CS group. The symbols in the
gure are ###p < 0.001, ***p < 0.001.
hoc test (p < 0.05). *Compared with Control + A group. #Compared with CS group. The
symbols in the figure are ###p < 0.001, ***p < 0.001.

ASE reduced antioxidant enzyme activities

The SOD, CAT, and GPx activities (Figs. 6–8) in lung homogenates
were higher in the CS-group compared to the Control + A group
(p < 0.001). The SOD, CAT, and GPx activities in the CS + A group
were lower than those observed in the CS-group (p < 0.001).

ASE increased the GSH/GSSG ratio

The GSH/GSSG ratio was slightly reduced in the CS-group com-
pared to the Control + A group, but the difference was  not significant
(Fig. 9). However, the GSH/GSSG ratio in the CS + A group was sig-
nificantly higher (p < 0.05) than that observed in the CS-group.

ASE reduced TNF-  ̨ expression

TNF-� expression was  increased in the CS-group compared to

the Control + A group (Fig. 10). The CS + A group exhibited reduced
TNF-� expression compared to the CS-group.

Fig. 6. Effects of ASE on superoxide dismutase activity in lung homogenates. Con-
trol + A group (mice exposed to ambient air plus daily treatment with 300 mg/kg of
ASE). CS group (mice exposed to six cigarettes per day for 5 days and treated with
vehicle). CS + A group (mice exposed to six cigarettes per day for 5 days plus daily
treatment with 300 mg/kg of ASE). Data are expressed as mean ± SEM (n = 10 for
all  groups) and were analyzed by one-way ANOVA followed with Tukey post hoc
test (p < 0.05). *Compared with Control + A group. #Compared with CS group. The
symbols in the figure are ###p < 0.001, ***p < 0.001.
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Fig. 7. Effects of ASE on catalase activity in lung homogenates. Control + A group
(mice exposed to ambient air plus daily treatment with 300 mg/kg of ASE). CS group
(mice exposed to six cigarettes per day for 5 days and treated with vehicle). CS + A
group (mice exposed to six cigarettes per day for 5 days plus daily treatment with
300 mg/kg of ASE). Data are expressed as mean ± SEM (n = 10 for all groups) and
were  analyzed by one-way ANOVA followed with Tukey post hoc test (p < 0.05).
*Compared with Control + A group. #Compared with CS group. The symbols in the
figure are ###p < 0.001, ***p < 0.001.

Fig. 8. Effects of ASE on glutathione peroxidase activity in lung homogenates. Con-
trol + A group (mice exposed to ambient air plus daily treatment with 300 mg/kg of
ASE). CS group (mice exposed to six cigarettes per day for 5 days and treated with
vehicle). CS + A group (mice exposed to six cigarettes per day for 5 days plus daily
treatment with 300 mg/kg of ASE). Data are expressed as mean ± SEM (n = 10 for
all  groups) and were analyzed by one-way ANOVA followed with Tukey post hoc
test (p < 0.05). *Compared with Control + A group. #Compared with CS group. The
symbols in the figure are ###p < 0.001, ***p < 0.001.

Fig. 9. Effects of ASE on GSH/GSSG ratio in lung homogenates. Control + A group
(mice exposed to ambient air plus daily treatment with 300 mg/kg of ASE). CS
group (mice exposed to six cigarettes per day for 5 days and treated with vehicle).
CS  + A group (mice exposed to six cigarettes per day for 5 days plus daily treatment
with 300 mg/kg of ASE). Data are expressed as mean ± SEM (n = 7 for all groups)
and were analyzed by Kruskal–Wallis followed with Dunn’s post hoc test (p < 0.05).
#Compared with CS group. The symbol in the figure is #p < 0.05.

Fig. 10. Effects of ASE on TNF-� expression. Negative signal (−) indicates ambient

air  exposure and/or vehicle. Positive signal (+) indicates cigarette smoke exposure
and/or ASE treatment.

Discussion

This study demonstrated for the first time that E. oleracea
extract treatment significantly reduced pulmonary inflammation
and oxidative stress markers. Previous studies have shown that
antioxidants such as black tea, mate tea, vitamin C and vitamin
E can mitigate the deleterious effects of CS in the lungs (Banerjee
et al. 2007; Lanzetti et al. 2008; Panda et al. 2000; Silva Bezerra
et al. 2006). Moreover, these studies used oral administration of
antioxidants, as was  done here.

The inflammatory response induced by CS includes the recruit-
ment of inflammatory cells, primarily AMs  and PMNs, which
release proteolytic enzymes that lead to tissue destruction. TNF-
� is also an important inflammatory mediator in diseases like
COPD and acute respiratory distress syndrome (Le Quement
et al. 2008). TNF-� is a pleiotropic cytokine shown to activate
endothelial cells and neutrophils (Lauterbach et al. 2008). Pre-
vious analyses of leukocyte recruitment have most often been
conducted several hours following intrascrotal injections of TNF
and/or other inflammatory mediators. This leads to endothelial
activation and adhesion receptor and chemokine expression that
promote robust leukocyte-vessel wall interactions (McIntyre et al.
2003), which precludes the analyses of the role of TNF priming of
leukocytes recruitment. Thus, a reduction of adhesion molecules
may  directly contribute to a reduction in leukocyte recruitment
to the lungs of mice. In this study was found a reduction in
both AMs  and PMNs in the CS + A group compared to the CS-
group. TNF-� expression was  also reduced in the CS + A group
compared to the CS-group. We  suggested that ASE may  reduce
the expression of TNF-� and consequently, adhesion molecule
expression. This, in turn, would reduce macrophage and PMN
migration into the lung. Although the mechanism of action of
ASE was not investigate in this study, could be speculate that the
polyphenol compounds and proanthocyanidins could be respon-
sible for reducing the expression of adhesion molecules, and
consequently, lowering the inflammatory cell influx. The relation-
ship between polyphenols and proanthocyanidins on the reduction
of adhesion molecules was first demonstrated by Dell’Agli et al.
(2004) and Garbacki et al. (2005),  despite differences in exper-
imental models of these studies compared to that presented
here.

Eisenhut showed that NO contributed to toxicant-induced
lung inflammation and injury (Eisenhut 2007). Moncada and
Higgs showed that, under pathological conditions, NO production
occurred after the induction and expression of iNOS in response to
agents like TNF-� (Moncada and Higgs 1993). Those results were
consistent with the reduced nitrite levels found in the CS + A group
compared to the CS-group. Our results also corroborated other
studies that showed that Euterpe oleracea Mart. extract was able
to reduce the levels of NO and inhibit iNOS activity and expression
(Matheus et al. 2006). Moreover, our finding that TNF-� expression

was  reduced concomitant with nitrite levels in the CS + A group was
consistent with previous work (Moncada and Higgs 1993; Matheus
et al. 2006).
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MPO, the most abundant constituent within PMNs (Suzuki
t al. 1983), had reduced activity in the CS + A group compared
o the CS-group, consistent with the reduction in PMN  num-
ers observed with morphometry. CS is also associated with

ncreased MPO  content in neutrophils and increased produc-
ion of highly potent compounds, including hypochlorous acid
nd other ROS, which further increases the oxidative stress in
ung.

SOD, CAT, and GPx are important antioxidant enzymes. SODs
rotect the lung against oxidative stress by reducing (O2

−) to
ydrogen peroxide, which is then converted to water by CAT or
Px (Pryor and Stone 1993). Surprisingly, was observed increases

n SOD, CAT, and GPx in the CS-group. Because cigarette smoke
ontains many oxidants, and it still stimulates leukocytes to
roduce oxidants, we expected a reduction of enzymatic antioxi-
ants (SOD, CAT and GPx). However, what we found was exactly
he opposite—an increase of enzymatic antioxidants (SOD, CAT
nd GPx). Our hypothesis postulates that this reflected a distur-
ance in the balance between oxidants and antioxidants (Rahman
nd Adcock 2006), where this experimental model of ALI, the
ncrease of oxidants (ROS) is proportional and parallel to an
ncrease in its substrate, in this case SOD, CAT and GPx. In the
S + A group, the levels of SOD, CAT, and GPx were similar to
ontrols, which probably reflected the maintenance of balance
etween oxidants and antioxidants. Previous studies have shown
hat aç aí extract had SOD-like activity and CAT-like activities
Lichtenthaler et al. 2005; Rodrigues et al. 2006; Schauss et al.
006). On the other hand, did not was investigate whether ASE
cavenged the excess ROS induced by CS or whether ASE nor-
alized the production, release, and activity of SOD, CAT, and
Px.

Finally, the GSH/GSSG ratio is an important indicator of oxida-
ive stress (Rahman et al. 2006). It was observed an increase in
he GSH/GSSG ratio in the CS + A group compared to the CS-group.
he reduction of the GSH/GSSG ratio found in the CS-group, though
ot statistically significant, reflected a tendency for increased oxi-
ation of the thiol-containing molecule, GSH. On the other hand,
he increased GSH/GSSG ratio in the CS + A group suggested that
SE prevented thiol radical oxidation. These data are corroborated
ith the reduced GPx activity found in the CS + A group compared

o the CS-group. Therefore, ASE appeared to reduce the activity of
Px, which directly influenced the GSH/GSSG ratio. This finding

ndicated that ASE modulated the glutathione system.
Our results demonstrated that ASE treatment attenuated ALI

nduced by CS in mice. ALI is not emphysema, but displays the
rimary hallmarks of emphysema, including an inflammatory
esponse and oxidative stress. ASE also reduced oxidative stress
nd TNF-� expression. More studies on the ASE mechanism of
ction are needed to clarify the antioxidant effects found in this
tudy. In addition, it will be important to assess the potential of
SE treatment in a model of long-term CS exposure. The results
f this study in mice should stimulate future studies on ASE as

 potential agent to protect against CS-induced inflammation in
umans.
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