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Anthocyanins are a group of naturally occuring phenolic
compounds related to the coloring of plants, flowers and
fruits. These pigments are important as quality indicators,
as chemotaxonomic markers and for their antioxidant
activities. Here, we have investigated the therapeutic
efficacy of anthocyanins contained in blackberry extract
(cyanidin-3-O-glucoside represents about 80% of the total
anthocyanin contents) in an experimental model of lung
inflammation induced by carrageenan in rats. Injection of
carrageenan into the pleural cavity elicited an acute
inflammatory response characterized by fluid accumulation which contained a large number of neutrophils as
well as an infiltration of polymorphonuclear leukocytes in
lung tissues and subsequent lipid peroxidation, and
increased production of nitrite/nitrate (NOx) and prostaglandin E2 (PGE2). All parameters of inflammation were
attenuated in a dose-dependent manner by anthocyanins
(10, 30 mg kg21 30 min before carrageenan). Furthermore,
carrageenan induced an upregulation of the adhesion
molecule ICAM-1, nitrotyrosine and poly (ADP-ribose)
synthetase (PARS) as determined by immunohistochemical analysis of lung tissues. The degree of staining was
lowered by anthocyanin treatment. Thus, the anthocyanins
contained in the blackberry extract exert multiple
protective effects in carrageenan-induced pleurisy.
Keywords: Anthocyanins; Blackberry; Carrageenan; Pleurisy;
Inflammation

INTRODUCTION
The role of reactive oxygen species in the pathophysiology of inflammation is well established.

In addition to ROS, overproduction of nitric oxide
due to the expression of the inducible isoform of
NO synthase (iNOS) also plays an important role in
various models of inflammation.[1 – 3] In a number of
pathophysiological conditions associated with
inflammation or oxidant stress, peroxynitrite
has been proposed to mediate cell damage.[4,5]
Peroxynitrite is cytotoxic via a number of independent mechanisms including (i) the initiation of lipid
peroxidation, (ii) the inactivation of a variety of
enzymes (most notably, mitochondrial respiratory
enzymes and membrane pumps)[4] and (iii) depletion
of glutathione.[6] Moreover, peroxynitrite can also
cause DNA damage[7,8] resulting in the activation of
the nuclear enzyme poly (ADP-Ribose) synthetase,
depletion of NAD and ATP and ultimately cell
death.[9]
Interventions which decrease the generation or the
effects of ROS exert beneficial effects in a variety of
models of inflammation including the carrageenaninduced pleurisy model used here. These therapeutic
interventions include melatonin, [10] a vitamin
E-like antioxidant,[11] a superoxide dismutasemimetic[12 – 14] and a peroxynitrite decomposition
catalyst.[15]
Current research into development of new free
radical scavengers’ has confirmed that food rich in
antioxidants plays an essential role in the prevention
of cardiovascular diseases,[16,17] cancers[18] and
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neurodegenerative diseases, the most well-known of
which are Parkinson’s and Alhzeimer’s diseases,[19]
as well as inflammation[20] and problems caused by
cell and cutaneous ageing.[21] Recently, a considerable
amount of epidemiological evidence have demonstrated an association between diets rich in fruit and
vegetables and a decreased risk of cardiovascular
disease and certain forms of cancer.[22] It is generally
assumed that the active dietary constituents contributing to these protective effects are antioxidant
nutrients such as a-tocopherol and b-carotene.
In fact an antioxidant family of nutrients like the
flavorous have a good intestinal adsorption.[23,24]
However, investigations highlight an additional role
of polyphenolic components of higher plants that
may act as antioxidants or via other mechanisms
contributing to the anticarcinogenic or cardioprotective actions.[25,26] Anthocyanins are natural colorant
belonging to the flavonoid family. They are widely
distributed among flowers, fruits and vegetables.
Anthocyanins are glycosylated polyhydroxy and
polymethoxy derivatives of flavilium salts. It has
been demonstrated that, in addition to their colourful
characteristics, anthocyanins posses some positive
therapeutic effects, mainly linked with their strong
antioxidant properties.[27,28] In our studies, we
utilized a blackberry extract, containing anthocyanins. Cyanidin-3-O-glucoside represents about 80%
of the anthocyanin fraction, followed by small
amounts of other anthocyanins, some of them
only recently identified.[29] Cyanidin-3-O-glucoside
(kuromanin) has been found to have the highest
oxygen radical absorbance capacity activity.[27] This
anthocyanin is the most ubiquitous. It represents the
main athocyanin in the edible parts of several plants.
Here, we investigate the effects of anthocyanins,
contained in the blackberry extract, on the inflammatory response (pleurisy) caused by injection of
carrageenan in the rat. In particular, we have
investigated the effects of anthocyanins, contained
in the blackberry extract, on the lung injury
(histology), the formation of nitrotyrosine (immunohistochemistry) as well as the increases in NO
production and PARS activation caused by carrageenan in the lung.
MATERIAL AND METHODS
Animals
Male Sprague – Dawley rats (200 – 250 g; Charles
River, Milan, Italy) were housed in a controlled
environment and provided with standard rodent
chow and water. Animal care was in compliance
with Italian regulations on protection of animals
used for experimental and other scientific purposes
(D.M. 116192), as well as with the EEC regulations
(O.J. of E.C. L 358/1 12/18/1986).

Blackberry Extract
Blackberry fruits were obtained as commercial
products. Fruit extract was obtained by pounding
in a mortar about 2 kg of fruits. The extract was
centrifuged at 6000 rpm for 20 min. The juice was
filtered on glass wool. The pulps were extracted
overnight with about 1 l of ethyl alcohol (EtOH)/HCl
(99:1 v/v) at room temperature. The filtered extract
was concentrated under reduced pressure and
diluted with water (1:1 v/v). Both the filtered juice
and the pulp extract were applied to a C18 silica
column previously activated with 10 ml of EtOH
and 10 ml of water. Anthocyanins were extracted
with 1 l of EtOH/HCl (99:1 v/v) and the solvent
was removed under reduced pressure. The anthocyanin fraction so obtained was used for the
chemical characterization[29] and for the pharmacology study. The anthocyanin content was determined spectrophotometrically by absorbance at
518 nm and by HPLC analysis with photodiode
array detector using a calibration curve obtained by
analyzing different concentrations of cyanidin-3glucoside standard.
Experimental Groups
In the treated group of animals anthocyanins
contained in blackberry extract (10, 30 mg kg21)
was given intraperitoneally (i.p.) 30 min before
carrageenan (carrageenan þ anthocyanins group).
In a vehicle-treated group of rats, vehicle (saline)
was given instead of anthocyanins (carrageenan
group). In separate groups of rats, surgery was
performed in its every aspect identical to the one in
the carrageenan group, except that carrageenan was
not injected (control group).
Carrageenan-induced Pleurisy
Rats were lightly anesthetized with isoflurane and
subjected to a skin incision at the level of the left sixth
intercostal space. The underlying muscles were
dissected and 0.2 ml saline alone or containing 2%
l-carrageenan was injected into the pleural cavity.
The skin incision was closed with a suture and the
animals were allowed to recover. At 4 h after the
injection of carrageenan, the animals were sacrificed
under CO2 vapor. The chest was carefully opened
and the pleural cavity washed with 2 ml of saline
solution with heparin (5 U/ml) and indomethacin
(10 mg/ml). The exudate and washing were removed
by aspiration and the total volume measured.
Exudates contaminated with blood were discarded.
The results were calculated by subtracting the
volume injected (2 ml) from the total volume of
fluid recovered. The leucocytes in the exudate were
suspended in phosphate buffer saline and counted
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with optical microscope by Burker’s chamber after
vital Trypan Blue stain.
Measurement of Nitrite/nitrate (NOx)
NOx production, an indicator of NO synthesis, was
measured in pleural exudate. At the first nitrate in
the supernatant was incubated with nitrate
reductase (0.1 U/ml) and NADPH (1 mM) and FAD
(50 mM) at 378C for 15 min. Then followed another
incubation with LDH (100 U/ml) and sodium
pyruvate (10 mM) for 5 min. The nitrite concentration in the samples was measured by the Griess
reaction, by adding 100 ml of Griess reagent (0.1%
naphthylethylenediamide dihydrochloride in H2O
and 1% sulphanilamide in 5% concentrated H2PO4;
vol. 1: 1) to 100ml samples. The optical density at
550 nm (OD550) was measured using ELISA microplate reader (SLT-Labinstruments Salzburg, Austria).
Nitrate concentrations were calculated by comparison with OD550 of standard solutions of sodium
nitrate prepared in saline solution. Levels of NOx are
expressed as ng/rat.
Measurement of PGE2 Concentration (PGE2)
The amount of PGE2 in the pleural exudate was
measured by enzyme immunoassay according to the
manufacturer’s instruction (Cayman Chemical).
Levels of PGE2 are expressed as ng rat21.
Myeloperoxidase Activity
Myeloperoxidase activity, an indicator of polymorphonuclear leukocyte accumulation, was determined as previously described.[30] At the specified
time following injection of carrageenan, lung tissues
were obtained and weighed and each piece
homogenized in a solution containing 0.5% (w/v)
hexadecyltrimethyl-ammonium bromide dissolved
in 10 mM potassium phosphate buffer (pH 7) and
centrifuged for 30 min at 20,000g at 48C. An aliquot of
the supernatant was then allowed to react with a
solution of tetramethylbenzidine (1.6 mM) and
0.1 mM hydrogen peroxide. The rate of change in
absorbance was measured spectrophotometrically at
650 nm. Myeloperoxidase activity was defined as the
quantity of enzyme degrading 1 mmol of peroxide/
min at 378C and was expressed in U g21 of wet tissue.

3

(w/v) sodium dodecyl sulfate (SDS), 1.5 ml of 20%
(v/v) acetic acid (pH 3.5), 1.5 ml of 0.8% (w/v)
thiobarbituric acid and 600 ml distilled water.
Samples were then boiled for 1 h at 958C and
centrifuged at 3,000g for 10 min. The absorbance of
the supernatant was measured using spectrophotometry at 650 nm. Levels of malondialdehyde are
expressed as mM 100 mg21 of wet tissue.
Histological Examination
Lung biopsies were taken 4 h after injection of
carrageenan. Lung biopsies were fixed for 1 week in
10% (w/v) PBS-buffered formaldehyde solution at
room temperature, dehydrated using graded ethanol
and embedded in Paraplast (Sherwood Medical,
Mahwah, NJ, USA). Tissue sections (thickness) were
then deparaffinized with xylene, stained with
hematoxylin and eosin. All sections were studied
using light microscopy (Dialux 22 Leitz).
Immunohistochemical Localization of
Nitrotyrosine
Tyrosine nitration, an index of the nitrosylation of
proteins by peroxynitrite and/or reactive oxygen
species, was determined by immunohistochemistry
as previously described.[32] At the end of the
experiment, the tissues were fixed in 10% (w/v)
PBS-buffered formaldehyde and 8 mm sections were
prepared from paraffin embedded tissues. After
deparaffinization, endogenous peroxidase was
quenched with 0.3% (v/v) hydrogen peroxide in
60% (v/v) methanol for 30 min. The sections were
permeablized with 0.1% (w/v) Triton X-100 in PBS
for 20 min. Non-specific adsorption was minimized
by incubating the section in 2% (v/v) normal goat
serum in PBS for 20 min. Endogenous biotin or
avidin binding sites were blocked by sequential
incubation for 15 min with avidin and biotin (DBA,
Milan, Italy). The sections were then incubated
overnight with 1:1000 dilution of primary antinitrotyrosine monoclonal antibody (DBA, Milan,
Italy) or with control solutions including buffer alone
or non-specific purified rabbit IgG. Specific labeling
was detected with a biotin-conjugated goat antirabbit IgG and avidin –biotin peroxidase complex
(DBA, Milan, Italy).

Malondialdehyde Levels

Immunohistochemical Localization of ICAM-1 and
PAR

Malondialdehyde levels in the lung tissue were
determined as an indicator of lipid peroxidation as
previously described.[31] Lung tissue collected at the
specified time, was homogenised in 1.15% (w/v) KCl
solution. A 100 ml aliquot of the homogenate was
added to a reaction mixture containing 200 ml of 8.1%

Immunohistochemical staining was performed on
7 mm thick sections of unfixed lung. Sections were
cut in with a Slee and London cryostat at 2 308C,
transferred onto clean glass slides and dried overnight at room temperature. Sections were permeabilized with acetone at 2 208C for 10 min and
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rehydrated in PBS (phosphate buffered saline,
150 mM NaCl, 20 mM sodium phosphate pH 7.2) at
room temperature for 45 min. Sections were incubated overnight with: (1) ICAM-1 (hamster antimouse CD54) at a dilution 1:500 in PBS v/v or (2)
with anti-poly (ADP-ribose) (PAR) monoclonal
antibody (1:500 in PBS v/v). Sections were washed
with PBS, and incubated with secondary antibody
for 2 h at room temperature. Specific labeling was
detected with a avidin– biotin peroxidase complex.
Materials
The PGE2 enzyme immunoassay kit was obtained
from Cayman Chemical. Biotin blocking kit, biotinconjugated goat anti-rabbit IgG and avidin– biotin
peroxidase complex were obtained from Vector
Laboratories (Burlingame, CA, USA). Primary antinitrotyrosine antibody was purchased from Upstate
Biotech (DBA, Milan, Italy). Reagents and secondary
and nonspecific IgG antibody for immunohistochemical analysis were from Vector Laboratories
(DBA, Italy, Milan). Primary monoclonal anti-poly
(ADP-ribose) antibody was purchased by Alexis. All
other reagents and compounds used were obtained
from Sigma Chemical Company. Primary monoclonal anti-intercellular adhesion molecule-1 antibody was purchased by PharMingen (San Diego,
USA). All other reagents and compounds used were
obtained from Sigma Chemical Company.
Statistical Analysis
All values in the figures and text are expressed as
mean ^ standard error of the mean of n observations, where n represents the number of animals
studied. In the experiments involving histology or
immunohistochemistry, the figures shown are representative of at least three experiments performed on
different experimental days. Data sets were examined by one-way analysis of variance (ANOVA)
followed by a Bonferroni post-hoc test for multiple
comparisons. A p-value less than 0.05 was considered significant.

RESULTS
Effects of Anthocyanins in Carrageenan-induced
Pleurisy
Histological examination of lung sections revealed
significant tissue damage (Fig. 1A). When compared
with lung sections taken from saline-treated animals
(data not shown). Histological examination of lung
sections from rats treated with carrageenan showed
edema, tissue injury as well as infiltration of the
tissue with neutrophils (Fig. 1A). Anthocyanins at

FIGURE 1 Effect of anthocyanins on lung injury. The lung section
from a carrageenan-treated rat (A) shows interstitial hemorrhage
and polymorphonuclear leukocyte accumulation. The lung section
from a carrageenan-treated rat that had received anthocyanins,
contained in blackberry extract (30 mg kg21) (B) shows reduced
interstitial hemorrhage and less cellular infiltration. Figure is
representative of at least three experiments performed on different
experimental days.

the highest dose tested (30 mg/kg, intraperitoneally,
i.p.), significantly reduced the degree of injury as
well as the infiltration of polymorphonuclear
leukocytes (Fig. 1B). Furthermore, the injection of
carrageenan into the pleural cavity of rats elicited an
acute inflammatory response characterized by the
accumulation of fluid (oedema) that contained large
amounts of polymorphonuclear leukocyte s (Table I).
Neutrophils also infiltrated in the lung tissues
(Table I) and this was associated with lipid
peroxidation of lung tissues as evidenced by an
increase in the levels of malonyldialdehyde (Table I).
Oedema, neutrophil infiltration in lung tissue and
lipid peroxidation were attenuated in a dosedependent fashion by the intraperitoneal injection
of anthocyanins (10, 30 mg/kg, n ¼ 10) (Table I).
Effects of Anthocyanins on the Expression of
Adhesion Molecules (ICAM-1)
Staining of lung tissue sections obtained from salinetreated rats with anti-intercellular adhesion molecule-1 antibody showed a specific staining along
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TABLE I Effects of anthocyanins (10,30 mg/kg, i.p.) on carrageenan-induced inflammation

Sham + vehicle
Sham + anthocyanins (10 mg/kg)
Sham + anthocyanins (30 mg/kg)
CAR + vehicle
CAR + anthocyanins (10 mg/kg)
CAR + anthocyanins (30 mg/kg)

Volume exudate
(ml)

PMNs infiltration
(million cells/rat)

MPO
(U/g)

MDA
(mM/100 mg)

0.053 ^ 0.029
0.060 ^ 0.030
0.066 ^ 0.033
1.625 ^ 0.090*
0.91 ^ 0.012**
0.582 ^ 0.128**

6.3 ^ 2.606
5.92 ^ 2.223
6.47 ^ 2.772
85.97 ^ 6.21*
50 ^ 1.155**
36.04 ^ 10.90**

206.5 ^ 58.34
208.2 ^ 59.46
202.9 ^ 56.04
2962 ^ 177.3*
2366 ^ 79.10**
1949 ^ 221.8**

32.43 ^ 4.557
35.9 ^ 1.212
31.9 ^ 5.086
72.77 ^ 5.77*
53.27 ^ 1.936**
40.73 ^ 3.031**

Data are means ^ SE means of 10 rats for each group. *p , 0:01 vs. sham. **p , 0:01 vs. carrageenan.

vascular wall (Fig. 2A1) but not in the bronchial
epithelium (Fig. 2A), demonstrating that intercellular adhesion molecule-1 is constitutively expressed.
At 4 h after carrageenan injection, the staining
intensity substantially increased along the vascular
wall (Fig. 2B) as well in the bronchial epithelium
(Fig. 2B1). Significantly less positive staining for
intercellular adhesion molecule-1 was found in the
lungs of carrageenan-treated rats that received
intraperitoneal
injection
of
anthocyanins
(30 mg/kg) (Fig. 2C and C1). To verify the binding
specificity for intercellular adhesion molecule-1
some sections were also incubated with only the
primary antibody (no secondary) or with only the
secondary antibody (no primary). In these situations
no positive staining was found in the sections
indicating that the immunoreaction was positive in
all the experiments carried out.

Effects of Anthocyanins on Nitrotyrosine and
PARS
At 4 h after carrageenan injection, lung sections were
taken in order to determine the immunohistological
staining for nitrotyrosine or PARS. Sections of lung
from saline-treated rats did not reveal any immunoreactivity for nitrotyrosine (Fig. 3A) or for PAR
(Fig. 4A) within the normal architecture. A positive
staining for nitrotyrosine (Fig. 3B) and for PARS
(Fig. 4B) was found primarily localized in alveolar
macrophages and in airway epithelial cells
of carrageenan treated animals. Anthocyanins
(30 mg/kg, i.p.) reduced the staining for
both nitrotyrosine and PARS (Figs. 3C and 4C).
In order to confirm that the immunoreaction for
the nitrotyrosine was specific some sections were
also incubated with the primary antibody (antinitrotyrosine) in the presence of excess nitrotyrosine
(10 mM) to verify the binding specificity. To verify
the binding specificity for PARS, some sections were
also incubated with only the primary antibody (no
secondary) or with only the secondary antibody (no
primary). In these situations, no positive staining
was found in the sections indicating that the
immunoreaction was positive in all the experiments
carried out.

Effects of Anthocyanins on the Release of NOx and
PGE2
In pleural exudate obtained from rats at 4 h after
carrageenan injection, NOx (Fig. 5A) and PGE2
(Fig. 5B) production were significantly ðp , 0:01Þ
increased (48:4 ^ 7:8 nmol=rat and 2:9 ^ 0:43 ng=rat;
respectively) over a basal level (12:6 ^ 0:86 nmol=rat
and 0:32 ^ 0:20 ng=rat; respectively). The production
of NOx was significantly ðp , 0:05Þ reduced in a dose
dependent manner in rats treated with anthocyanins
(10, 30 mg/kg) (Fig. 5A). The production of PGE2
was significantly ðp , 0:05Þ reduced in rats treated
with anthocyanins (30 mg kg21) (Fig. 5B).

DISCUSSION
ROS have been implicated in a wide variety of
diseases. Evidence for increased oxidant stress in
lung inflammation is emerging.[33,34] Recently it has
been point out that neutrophil activation represents
an important source of ROS.[35] Furthermore, there is
much evidence that the production of ROS such as
hydrogen peroxide, superoxide and hydroxyl radicals at the site of inflammation contributes to tissue
damage.[3,36 – 38] Recently, much attention has
focused on the protective biochemical function of
naturally occurring antioxidants in biological
systems, and on the mechanisms of their action.[39]
Phenolic compounds, which are widely distributed
in plants, were considered to play an important
role as dietary antioxidants for the prevention
of oxidative damage in living systems.[40] Anthocyanin pigments are widely distributed in the human
diet through crops, beans, fruits and vegetables,[41]
suggesting that we ingest considerable amounts of
anthocyanin pigments from plant-based daily diets.
The pigments may play an important role as
dietary antioxidants for prevention of oxidative
damage caused by active oxygen radicals in living
systems.
In the present study, we demonstrated that
anthocyanins contained in blackberry extract (1)
reduces the development of carrageenan-induced
pleurisy, (2) reduces morphological injury
and neutrophil infiltration in carrageenan-induced
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FIGURE 2 Immunohistochemical localization of intercellular
adhesion molecule-1 in the rat lung. Staining was absent in control
tissue (A, A1). At 4 h following carrageenan injection, intercellular
adhesion molecule-1 immunoreactivity was localized mainly to
macrophages and some epithelial cells (B, B1). There is a marked
reduction in the immunostaining in the lungs of carrageenantreated rats pre-treated with anthocyanins, contained in
blackberry extract (30 mg kg21) (C, C1). Figure is representative
of at least three experiments performed on different experimental
days.

inflammation, (3) reduces nitrotyrosine immunostaining, an indicator of nitrosative stress in
inflammation, (4) reduces intercellular adhesion
molecule-1 immunostaining, an indicator of

FIGURE 3 Effect of anthocyanins on nitrotyrosine formation.
Immunohistochemical localization of nitrotyrosine in the rat lung.
Staining was absent in control tissue (A). At 4 h following
carrageenan injection, positive staining for nitrotyrosine (typical
are as are indicated by arrows) was observed (B). There was a
marked reduction in the immunostaining in the lungs of
carrageenan-treated rats pre-treated with anthocyanins,
contained in blackberry extract, (30 mg kg21) (C). Figure is
representative of at least three experiments performed on
different experimental days.

neutrophil infiltration and (5) reduces PAR
immunostaining. What then, is the mechanism by
which anthocyanins protects the lung against this
inflammatory injury?
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FIGURE 4 Immunohistochemical analysis for PAR antibody.
Staining was absent in control tissue (A). Sections obtained from
carrageenan-treated rats showed intense positive staining for
poly-(ADP-ribose) polimerase (B). The degree of staining for poly(ADP-ribose) polimerase was markedly reduced in pleural
macrophages obtained from carrageenan-treated rats which were
pre-treated with anthocyanins, contained in blackberry extract
(30 mg kg21) (C). Figure is representative of at least three
experiments performed on different experimental days.

A mechanism by which anthocyanins attenuates
inflammation is by reducing peroxynitrite formation
by simply removing O2
2 before it reacts with NO. This
is important since the pro-inflammatory and cytotoxic effects of peroxynitrite are numerous.[15,42]
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Peroxynitrite also nitrosates tyrosine residues in
proteins and nitrotyrosine formation along with its
detection by immunofluorescence has been used as a
marker for the detection of the endogenous formation
of peroxynitrite.[43] Using nitrotyrosine as a marker
for the presence of peroxynitrite has been challenged
by the demonstration that other reactions can also
induce tyrosine nitration, e.g. the reaction of nitrite
with hypochlorous acid and the reaction of myeloperoxidase with hydrogen peroxide can lead to the
formation of nitrotyrosine.[44] Thus, increased nitrotyrosine staining is considered, as an indicator of
“increased nitrosative stress” rather than a specific
marker of the generation of peroxynitrite.[44] We have
found that nitrotyrosine is indeed present in lung
sections taken after carrageenan injection and that
anthocyanins reduced the staining in these tissues.
In addition, injection of carrageenan in the pleural
cavity of rats induces the expression of iNOS that in
turn release large amounts of pro-inflammatory
NOx.[1,3,45] This study demonstrates that anthocyanins attenuate the NO formation production in
the exudates from carrageenan-treated rats (Fig. 2A).
Thus, the reduction of the NO formation by
anthocyanins may contribute to the attenuation by
this agent of nitrotyrosine in the lung from
carrageenan-treated rats (Fig. 5C).
Based on these findings, we conclude that
carrageenan evoked, in part, a superoxide-driven
peroxynitrite formation that was, in turn, responsible
for the formation of nitrotyrosine. The fact that there
is residual nitration can be explained by the presence
of neutrophils in the lung. ROS can also cause DNA
single-strand damage which is the obligatory trigger
for PARS activation[46] resulting in the depletion
of its substrate NADþ in vitro and a reduction in the
rate of glycolysis. Since NADþ functions as a cofactor
in glycolysis and the tricarboxylic acid cycle,
NAD þ depletion leads to a rapid fall in intracellular ATP and, ultimately, cell injury.[46] Furthermore,
substantial evidence exists to support the fact that
PARS activation is important in inflammation.[46]
PARS inhibitors such as nicotinamide and 3-aminobenzamide attenuate both acute and chronic inflammatory processes.[46 – 48] As shown in Fig. 6C
anthocyanins reduced PARS immunostaining. In
light of the role of PARS in inflammation, it is
possible that PARS inhibition by anthocyanins
accounts for its anti-inflammatory response.
Besides attenuating ROS production and PARS
activation, anthocyanins also reduced the development of oedema, neutrophil accumulation and lipid
peroxidation and had an overall protective effect on
the degree of lung injury as assessed by histological
examination. A possible mechanism by which
anthocyanins attenuates polymorphonuclear leukocyte s infiltration is by down-regulating adhesion
molecules such as intercellular adhesion molecule-1.
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attenuates the pleurisy caused by carrageenan
administration in the rat. We speculate that the
observed anti-inflammatory effects of anthocyanins
may be dependent on a combination of the following
pharmacological properties of this agent: (1) anthocyanins scavenges and inactivates superoxide
anions, which would prevent the formation of
peroxynitrite. This, in turn, prevents the activation
of PARS and the associated tissue injury. (2)
In addition to superoxide anions, anthocyanins also
scavenges other ROS, including hydroxyl radicals.
It is not clear whether anthocyanins is able to
scavenge peroxynitrite. (3) In addition, anthocyanins
reduces the recruitment of polymorphonuclear
leukocyte s into the inflammatory site. This effect of
anthocyanins is very likely secondary to the
prevention by anthocyanins of endothelial oxidant
injury and, hence, preservation of endothelial barrier
function. These results support the view that the
overproduction of reactive oxygen or nitrogen free
radicals contributes to acute inflammation.
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