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Abstract: Several reports have demonstrated the effectiveness of pistachio against oxidative stress
and inflammation. In this study, we investigate if polyphenols extracts from natural raw shelled
pistachios (NP) or roasted salted pistachio (RP) kernels have anti-inflammatory and antioxidant
properties at lower doses than reported previously, in both in vitro and in vivo models. The
monocyte/macrophage cell line J774 was used to assess the extent of protection by NP and RP
pistachios against lipopolysaccharide (LPS)-induced inflammation. Moreover, antioxidant activity
of NP and RP was assessed in an in vivo model of paw edema in rats induced by carrageenan
(CAR) injection in the paw. Results from the in vitro study demonstrated that pre-treatment with
NP (0.01, 0.1 and 0.5 mg/mL) and RP (0.01 and 0.1 mg/mL) exerted a significant protection against
LPS induced inflammation. Western blot analysis showed NP reduced the degradation of IκB-α,
although not significantly, whereas both NP and RP decreased the TNF-α and IL-1β production
in a dose-dependent way. A significant reduction of CAR-induced histological paw damage,
neutrophil infiltration and nitrotyrosine formation was observed in the rats treated with NP. These
data demonstrated that, at lower doses, polyphenols present in pistachios possess antioxidant and
anti-inflammatory properties. This may contribute toward a better understanding of the beneficial
health effects associated with consumption of pistachios.
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1. Introduction

Over the past decade, numerous studies have shown that classes of natural substances derived
from higher plants are potentially interesting for therapeutic interventions in various inflammatory
diseases [1]. Frequently, treating inflammation with analgesics, non-steroidal anti-inflammatory drugs,
and corticosteroid leads to side effects such as gastric discomfort, hypersensitivity reactions, gastric
erosion, diabetes mellitus and increased susceptibility to infection [2]. Therefore, it is time to consider
plants as possible remedies. Most members of the pistachio genus have chemical and therapeutic
similarities. The fruits, nuts, resin and leaves of Pistacia lentiscus are used for the treatment of eczema,
throat infections, asthma, kidney stones, diarrhea and stomach ache, with astringent, antipyretic,
anti-inflammatory, antibacterial, antiviral, pectoral and stimulating properties [3–6].
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In addition, pistachio tree nut has been reported to cause IgE-mediated allergic reactions,
comparing three different extracts from raw, roasted, and steam-roasted pistachio nut treatments. The
most significant finding of this study was the successful reduction of IgE-binding by pistachio extracts
using steam-roast processing without any significant changes in sensory quality of product [7]. The
extracts from galls of P. integerrima are known to have expectorant, bronchodilator, antiemetic, appetizer,
diuretic and antirheumatic effects [8]. The galls of P. terebinthus, a small tree from Mediterranean
countries, has been used for hip pain gout and rheumatisms [9]. P. vera L. (Anacardiaceae family) is a
high value product, widely consumed globally because of its nutritional characteristics and health
benefits [10]. The United States is considered the second largest producer of pistachios after Iran [11].
There are currently several pistachio bioavailability studies available in the literature [12–16]. One of
our previous studies has shown that polyphenols from Natural raw shelled pistachios (Pistacia vera L.)
(NP) and roasted salted pistachio (RP) kernels were bioaccessible in the upper gastrointestinal tract
during simulated human digestion: more than 90% of the total polyphenols were released in the
gastric compartment, with virtual total release in the duodenal phase [17]. Anti-inflammatory
effects of pistachio nut and anti-inflammatory activity of its components have been the subject of
numerous studies in recent years. These effects have been demonstrated in various animal models
of acute inflammation such as paw edema [4,8,18,19], LPS-induced inflammation [20], and chronic
inflammation models such as colitis [21–24].

Based of this evidence, the purpose of the present study was to investigate if polyphenols
extracted from natural raw shelled pistachios (NP) and from roasted salted pistachio (RP) kernels
had anti-inflammatory and antioxidant properties, even at lower doses compared to that observed in
the literature. We used two different models where inflammation and oxidative stress play a crucial
role. In particular, we have induced the inflammation process in both an in vitro model using cultured
LPS-stimulated macrophage cells and an in vivo model of carrageenan-induced fist edema in rats,
which is a useful model of acute inflammation.

2. Materials and Methods

2.1. Pistachios

Californian natural raw, shelled pistachios (NP) and roasted salted pistachio (RP) kernels
(Pistacia vera L.) were kindly provided by the American Pistachio Growers (Fresno, CA, USA). Pistachio
polyphenolic extracts were prepared as previously reported [17,25]. Briefly, NPs or RPs (10 g) were
extracted five times with n-hexane (100 mL) to remove lipids, after which the residues were mixed with
100 mL of methanol/HCl 0.1% (v/v), extracted and centrifuged. After four extractions, the residues were
dissolved in distilled water (40 mL) and extracted five times with ethyl acetate (40 mL). Polyphenols
analysis was performed using an Ascentis Express C18 column (150 × 4.6 mm, 2.7 µm, Ascentis
Express, Supelco, Bellefonte, PA, USA). Polyphenols identification in samples of NP and RP is reported
in Table 1. As previously reported [20], NP showed higher amounts of total polyphenols (6.7 mg/100 g)
compared with RP (6.0 mg/100 g), with significant differences (p < 0.05) in the concentration of gallic
acid, catechin, epicatechin and isoquercetin. Experimental research on pistachios complied with the
Convention on Biological Diversity and the Convention on the Trade in Endangered Species of Wild
Fauna and Flora.

Table 1. Flavonoids and phenolic acids in NP and RP.

Compound NP RP

Gallic acid 1.18 ± 0.12 * 2.05 ± 0.24 *
Protocatechuic acid 0.88 ± 0.04 0.96 ± 0.16

Chlorogenic acid - 0.18 ± 0.02
Catechin 2.19 ± 0.20 * 0.95 ± 0.06 *

Epicatechin 0.15 ± 0.01 * 0.08 ± 0.02 *
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Table 1. Cont.

Compound NP RP

Eriodictyol-7-O-glucoside 0.01 ± 0.00 0.03 ± 0.00
Quercetin-3-O-rutinoside 0.58 ± 0.04 0.55 ± 0.04

Isoquercetin 1.52 ± 0.22 * 0.81 ± 0.10 *
Daidzein - 0.15 ± 0.01

Eriodictyol 0.06 ± 0.02 0.05 ± 0.01
Luteolin 0.18 ± 0.03 0.22 ± 0.11

-, trace of detected compound; NP, natural raw pistachio extract; RP, roasted salted pistachio extract. Values
are expressed as mg per 100 g and represent the average of triplicate measurements ± SD. Differences among
concentration of polyphenols in NP and RP were assessed by analysis of variance followed by the Tukey pairwise
comparison. Two-sample t tests (two-tailed) were used. The regression values were considered statistically
significant at p < 0.05. * indicates significant differences.

2.2. In Vitro Study

2.2.1. Cell Culture and Experimental Groups

The monocyte/macrophage cell-line J774-A1 was cultured and a preliminary analysis involved
the study of cell viability: 4 × 104 cells were plated (in a volume of 150 µL) in 96-well plates and
allowed to adhere for 4 h at 37 ◦C. Thereafter, the medium was replaced with fresh medium and cells
were treated with 4 different concentrations (0.01 mg/mL, 0.1 mg/mL, 0.5 mg/mL, and 1.0 mg/mL)
of both NP and RP, to determine the high concentrations with less toxicity on cell viability. Once
the high concentrations with less toxicity were determined, we stimulated the cells with LPS (from
Escherichia coli 1.0 µg/mL) for 24 h [26].

2.2.2. Vital Staining

To assess viability of cell cultures, cells were incubated at 37 ◦C with 0.2 mg/mL MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) for 1 h. Cell viability was quantified
by measurement of optical density at 550 nm (OD550) using a microplate reader [27].

2.2.3. Western Blot Analysis

Extracts of macrophages stimulated for 24 h with LPS were prepared as previous described [28].
Specific primary antibodies anti-iNOS (1:500 Trasduction), anti-COX2 (1:500; Cayman Chemical,
Ann Arbor, MI, USA) and anti-IκB-α (1:500; Santa Cruz Biotechnology, Dallas, TX, USA) were used.
Membranes were then incubated secondary antibody (1:2000, Jackson ImmunoResearch, West Grove,
PA, USA) for 1 h at room temperature. To ascertain that blots were loaded with equal amounts of
proteic lysates, they were also incubated in the presence of the antibody β-actin (1:500; Santa Cruz
Biotechnology). Signals were detected with an enhanced chemiluminescence detection system reagent.
Relative expression of protein bands was quantified by densitometry (optical density [OD] per mm2)
with ChemiDoc™ XRS+ (Image Lab version 5.2.1 build 11, Bio-Rad Laboratories, Hercules, CA, USA)
and standardized to β-actin levels.

2.2.4. Measurement of Nitrite Levels

Total nitrite levels, as an indicator of nitric oxide (NO) synthesis, were measured in the supernatant
as previously described [28].

2.2.5. Measurement of Cytokine Production

The medium samples were mixed prior to their use in TNF-α and IL-1β ELISA assays, according
to manufacturer’s details. Absorbance was read at 450 nm and background wavelength correction set
at 540 nm or 570 nm.
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2.2.6. Determination of Intracellular ROS

Intracellular ROS was detected using the total ROS detection kit as previously shown [29].
After various treatments, the monocyte/macrophage cell-line J774 were trypsinized and
then washed twice with 1× washing buffer. Subsequently, the cells were incubated with
5-(and-6)-carboxy-2′,7′-dichlorodihydrofluorescein diacetate (carboxy-H2DCFDA; 10 µM final
concentration) at 37 ◦C in the dark for 30 min. The fluorescence microplate reader detected the light
emission. The level of intracellular ROS was expressed as the percentage of the control (nmol/mL).

2.2.7. Determination of Malondialdehyde (MDA) Levels

The monocyte/macrophage cell-line J774 (1 × 105 cells/ well) was seeded in poly-L-lysine-coated
six-well plates. The cells were harvested to detect the levels of malondialdehyde (MDA) using the
MDA assay kit as previously described.

2.3. In Vivo Study

2.3.1. Animals

The study was carried out on Sprague–Dawley male rats (200–230 g, Harlan, Nossan, Italy).
Food and water were available ad libitum; the animals were fed with a standard diet. The study
was approved by the University of Messina Review Board for the care of animals. 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).
This study conforms to the “ARRIVE Guidelines for Reporting Animal Research”. Authors declare that
the research complies with the commonly-accepted “3Rs”: Replacement, Reduction and Refinement.

2.3.2. Carrageenan-Induced Paw Edema

Paw edema was induced as previously described by subplantar injection of CAR (0.1 mL of a
1% suspension in 0.85% saline) into the right hind paw on rats [30,31]. At the end of the experiment,
animals were killed under anesthesia and hind paws were fixed in 10% neutral buffered formalin
and embedded in paraffin for both histological and immunohistochemical examinations or stored at
−70 ◦C and used for further analyses.

The volume of paw edema was measured by a plethysmometer (Ugo Basile, Comerio, Varese,
Italy) prior to car injection and every hour for 6 h. Edema was expressed as the increase in paw volume
(mL) after carrageenan injection relative to the pre-injection value for all animal. Scores are expressed
as paw volume difference (mL).

2.3.3. Experimental Groups

First, rats were randomly allocated into the following groups:

(i) CAR group, rats were injected with CAR to induced paw edema (n = 10);
(ii) CAR + NP, same as the CAR group and NP (30 mg/kg) was orally administered 30 min before

CAR (n = 10); and
(iii) CAR + RP, same as the CAR group and RP (30 mg/kg) was orally administered 30 min before

CAR (n = 10).

The sham-operated group received saline, a vehicle of pistachios, instead of carrageenan (n = 10
for all experimental groups).

The dose of 30 mg/kg was chosen based on a previous dose–response experiment that we did in
our laboratories, in which rats were treated with 10, 30 and 100 mg/kg of NP or RP and we observed
that the dose of 30 mg/kg was the highest dose without toxicity.
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2.3.4. Histological Examination of the CAR-Inflamed Hind Paw

Seven-micrometer-thick sections stained with haematoxylin and eosin (H&E) were examinated
using light microscopy associated to an Imaging system (AxioVision, Zeiss, Milan, Italy) and scored
by two investigators in a blind fashion. The sections were stained with H&E to allow a complete
histological analysis that identified the morphological characteristics of the muscle fibers, from 0 to 5,
defined as follows: 0 = no inflammation; 1 = mild inflammation; 2 = mild/moderate inflammation;
3 = moderate inflammation; 4 = moderate/severe inflammation; and 5 = severe inflammation [32].

2.3.5. Myeloperoxidase Activity

MPO activity, an index of polymorphonuclear cell accumulation, was determined as previously
described [33] in the palm of hind paw tissues. The rate of change in absorbance was measured
spectrophotometrically at 650 nm. MPO activity was measured as the quantity of enzyme degrading
1 mM of peroxide 1 minute at 37 ◦C, and was expressed in units per gram weight of wet tissue.

2.3.6. Immunohistochemistry for Nitroyrosine

Immunohistochemical analysis for nitroyrosine was performed in the palm of hind paw sections
as described in previous studies [34]. At the end of the experiment, the tissues were fixed in 10%
(w/v) PBS-buffered formaldehyde, and 7-µm sections were prepared from paraffin- embedded tissues.
After de-paraffinization, endogenous peroxidase was quenched with 0.3% (v/v) hydrogen peroxide
in 60% (v/v) methanol for 30 min. The sections were permeabilized with 0.1% (w/v) Triton X-100 in
PBS for 20 min. Non-specific adsorption was minimized by incubating the sections 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 biotin and avidin (DBA), respectively. Sections were incubated overnight
with anti-nitrotyrosine polyclonal antibody (1:500 in PBS (v/v)). Sections were washed in PBS and
incubated with secondary antibody. Specific labeling was detected with a biotin conjugated goat
anti-rabbit IgG and avidin–biotin peroxidase complex (Vector) (D.B.A s.r.l, Milan, Italy). The counter
stain was developed with diaminobenzidine (brown color) and nuclear fast red (red background). The
photographs obtained (n = 5 photos from each sample collected from all animals in each experimental
group) were assessed by densitometry using Leica QWin (software version V3, Leica Microsystems,
Cambridge, UK). The percentage area of immunoreactivity was expressed as percent of total tissue area.

2.4. Materials

Unless otherwise stated, all compounds were obtained from Sigma-Aldrich (St. Louis, MO, USA).
All other chemicals were of the highest commercial grade available. All stock solutions were prepared
in non-pyrogenic saline (0.9% NaCl, Baxter, Milan, Italy) or 10% dimethyl sulfoxide.

2.5. Statistical Analysis

All values are expressed as mean± SEM. The results were analyzed by one-way ANOVA followed
by a Bonferroni post-hoc test for multiple comparisons. A value of p ≤ 0.05 was pre-determined as the
criterion of significance. The number of animals used for in vivo studies was carried out by G * Power
3 software (Die Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany).

3. Results

3.1. Effect of NP and RP on Cell Viability

To test the effect on cell viability, J774 cells were incubated with increasing concentrations of NP
and RP (from 0.01 mg/mL to 1.0 mg/mL). NP and RP at the high concentration of 1.0 mg/mL reduced
cell viability by 55% and 33%, respectively (Figure 1), whereas the concentrations of 0.5 mg/mL,
0.1 mg/mL, and 0.01 mg/mL showed no toxic effects on cell viability, which is around 82% and 77%.
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with NP at the concentrations of 0.01, 0.1 and 0.5 mg/mL and RP at the concentrations of 0.0 and 0.1 
mg/mL significantly limited reduction of cell viability. Data are representative of at least three 
independent experiments; *** p < 0.001 vs. Ctr; ### p < 0.001 vs. LPS; ## p < 0.01 vs. LPS; # p < 0.05 vs. 
LPS. 

Since the concentration of NP at 1.0 mg/mL induced a high reduction of the cell viability, this 
concentration was not used in further experiments. 

Further, we stimulated cells with LPS to induce inflammatory response, and pre‐treated cells 
with NP and RP. The results obtained showed a significant protective effect against LPS induced 
inflammatory process in cells pre‐treated with NP at the three concentrations used (0.5 mg/mL, 0.1 
mg/mL and 0.01 mg/mL), whereas pre‐treatment with RP exerted significant protection only at the 
concentrations of 0.01 mg/mL and 0.1 mg/mL. 

3.2. Effect of NP and RP on IκB-α Expression 

To investigate how NP and RP could attenuate the inflammatory process induced by LPS 
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The levels of the pro‐inflammatory cytokines TNF‐α and IL‐1β were evaluated by Elisa kit. An 
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However, pre‐treatment with both NP and RP significantly decreased the levels of TNF‐α and IL‐1β 
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Figure 1. Effect of the pistachios on cell viability. Cell viability was assessed 24 h after treatment with
the indicated concentrations (1.0 mg/mL, 0.5 mg/mL, 0.1 mg/mL, and 0.01 mg/mL) of NP and RP,
respectively; cell viability was significantly reduced with NP at the highest concentration of 1 mg/mL.
NP and RP at 0.5, 0.1, and 0.01 mg/mL lacked cytotoxicity. Moreover, incubation of cells with LPS
significantly reduced cell viability compared to the control group, whereas pretreatment with NP at
the concentrations of 0.01, 0.1 and 0.5 mg/mL and RP at the concentrations of 0.0 and 0.1 mg/mL
significantly limited reduction of cell viability. Data are representative of at least three independent
experiments; *** p < 0.001 vs. Ctr; ### p < 0.001 vs. LPS; ## p < 0.01 vs. LPS; # p < 0.05 vs. LPS.

Since the concentration of NP at 1.0 mg/mL induced a high reduction of the cell viability, this
concentration was not used in further experiments.

Further, we stimulated cells with LPS to induce inflammatory response, and pre-treated cells
with NP and RP. The results obtained showed a significant protective effect against LPS induced
inflammatory process in cells pre-treated with NP at the three concentrations used (0.5 mg/mL,
0.1 mg/mL and 0.01 mg/mL), whereas pre-treatment with RP exerted significant protection only at
the concentrations of 0.01 mg/mL and 0.1 mg/mL.

3.2. Effect of NP and RP on IκB-α Expression

To investigate how NP and RP could attenuate the inflammatory process induced by LPS
stimulation, we evaluated IκB-α expression. The results obtained showed a basal expression of
IκB-α in the cytoplasmic fraction of the control cells, while IκB-α levels significantly decreased after
stimulation with LPS (Figure 2). Pre-treatment with NP at the highest tested concentration 0.5 mg/mL
and RP at 0.1 reduced IκB-α degradation, although not significantly. No effect was observed with RP
and NP at the concentrations of 0.01 mg/mL.

3.3. Effect of NP and RP on TNF-α and IL-1β Expression

The levels of the pro-inflammatory cytokines TNF-α and IL-1β were evaluated by Elisa kit.
An increase in the production of both TNF-α and IL-1β was recorded after LPS stimulation (Figure 3a,b).
However, pre-treatment with both NP and RP significantly decreased the levels of TNF-α and IL-1β in
a concentration-dependent manner (Figure 3a,b).
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Figure 2. Effect of NP and RP on IκB-α expression. Western blot analysis demonstrated basal levels
for IκB-α in the control group, whereas stimulation with LPS significantly induced the degradation of
IκB-α levels. Treatments with NP at the concentration of 0.5 mg/mL and RP at 0.1 mg/mL increased
the levels of IκB-α, but this protection was not significant. Data are representative of at least three
independent experiments; *** p < 0.001 vs. Ctr; # p < 0.05 vs. LPS.
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Figure 3. Effect of NP and RP of pro-inflammatory cytokines production. LPS stimulation significantly
increased the levels of: TNF-α (a); and IL-1β (b). Treatments with NP and RP decreased the levels of:
TNF-α (a); and IL-1β (b) in a concentration dependent manner. *** p < 0.001 vs. Ctr; ### p < 0.001 vs.
LPS; # p < 0.05 vs. LPS.

3.4. Effect of NP and RP on iNOS, COX-2 and Nitrite Expression

To evaluate the nitrosative stress induced by LPS stimulation and the protective role played by
pistachios, we performed Western blots for iNOS and COX-2. Basal levels of iNOS were observed in the
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control groups, whereas LPS stimulation induced a significant increase in iNOS expression (Figure 4a).
Pre-treatment with NP at the concentration of 0.1 and 0.5 mg/mL significantly reduced the expression
of iNOS, whereas the concentration of 0.01 mg/mL had no significant effect. Pre-treatment with RP at
the concentration of 0.1 significantly reduced the expression of iNOS, whereas the concentration of
0.01 mg/mL had no significant effect (Figure 4a).
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Figure 4. Effect of NP and RP on the expression of iNOS, COX-2 and nitrite levels. Western blot
analysis for iNOS and COX-2 demonstrated a significant increased levels after LPS stimulation (a,b);
treatments with NP only at concentrations of 0.1 and 0.5 mg/mL and RP at 0.01 and 0.1 mg/mL
significantly reduced iNOS expressions. No protection was observed with NP 0.01 mg/mL. The
levels of COX-2 were also reduced with NP treatment at concentrations of 0.1 and 0.5 mg/mL and
RP at 0.01 and 0.1 mg/mL. Less protection, but significant, was observed with NP 0.01 mg/mL.
Moreover, we analyzed the levels of nitrite production and we observed an increase of nitrite levels
after LPS stimulation (c), whereas treatments with NP, only at 0.5 mg/mL, significantly reduced nitrite
production. Moreover, we determinate the levels of ROS content and MDA production (d,e), and
observed an increase of ROS content and MDA levels after LPS stimulation, whereas treatments with
NP and RP reduced ROS and MDA levels at concentration dependent manner. Data are representative
of at least three independent experiments; *** p < 0.001 vs. Ctr; ### p < 0.001 vs. LPS; ## p < 0.01 vs. LPS.

The COX-2 levels were significantly increased after LPS stimulation, whereas pre-treatment with
both NP and RP at all concentrations tested significantly reduced COX-2 levels (Figure 4b).

Moreover, we investigated the levels of nitrite released into the culture medium by Griess reagent.
The untreated control group released low levels of NO2−, whereas LPS stimulation significantly
increased the levels of NO2− production (Figure 4c). Pre-treatment with both NP and RP extracts
decreased NO production in a concentration-dependent manner (Figure 4c).
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Moreover, to better investigate the antioxidant capacity of NP and RP, we measure the ROS
content and the MDA levels (Figure 4d,e, respectively).

The untreated control group released low levels of ROS and MDA, whereas LPS stimulation
significantly increased ROS content and the MDA levels (Figure 4d,e, respectively). Pre-treatment
with both NP and RP extracts significantly decreased ROS and MDA production in a
concentration-dependent manner (Figure 4d,e, respectively).

3.5. Effect of NP and RP on the Time-Course of Carrageenan-Induced Paw Edema in Rats

Injection of CAR into the sub-plantar region of the right hind paw rapidly induced paw edema in
rats, which was maximal after 5 h in CAR injected rats (Figure 5a,b). A significant reduction of the paw
edema volume was observed in rats treated with NP at 30 and 100 mg/kg (Figure 5a) compared to the
sham group, whereas treatment RP did not significantly affect the paw edema (Figure 5b). Moreover,
MPO activity was measured in the palm of hind paw tissues as a marker of neutrophilic infiltration: an
increase of MPO activity was found in CAR injected rats (Figure 5c). Administration of NP 30 mg/kg
significantly reduced MPO activity, whereas RP at 30 mg/kg did not produce a reduction in neutrophil
infiltration in the paw tissues (Figure 5c).
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Figure 5. Effect of NP and RP on the time course of carrageenan-induced paw edema. NP and RP
were administered orally 30 min before CAR injection. Paw edema was assessed at the time points
indicated (a,b). NP produced significant improvements in the paw edema (measured as paw volume)
in comparison to RP administered at the same time point and at the same doses. Moreover, we observed
increased levels of MPO after CAR injections and treatments with NP, but no RP significantly reduced
levels of MPO (c). Values are means ± SEM. * p < 0.05 vs. Sham; # p < 0.05 vs. CAR.
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3.6. NP Inhibited CAR-Induced Histological Paw Damage and Neutrophil Infiltration

To assess the anti-inflammatory and antioxidant effects of NP and RP, the palm of hind paw
tissues were examined by hematoxylin and eosin staining. While tissue from sham-treated rats showed
no histologic alteration and normal fibers (Figure 6a and insert Figure 6a1, see histological score
Figure 6e, a disorganized muscle fibers of various shapes and sizes with irregular contours, important
amassing of infiltrating inflammatory cells, edema, loss of normal muscle paw architecture, and
increased inter-fiber space were evident after CAR injection into the right hind paw (Figure 6b and
insert Figure 6b1, see histological score Figure 6e). Muscle fibers of normal appearance, exhibiting
some infiltrating inflammatory cells, was observed after NP treatment (Figure 6c and insert Figure 6c1,
see histological score Figure 6e). However, treatment with RP failed to ameliorate this damage, in which
accumulation of infiltrating inflammatory cells, edema, increased inter-fiber space and disorganization
of normal muscle paw morphology were still observed (Figure 6d and insert Figure 6d1, see histological
score Figure 6e).
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Figure 6. Anti-inflammatory effects of NP histological analysis. Histological evaluation was performed
by hematoxylin and eosin staining: (a) the control group; (b) the intraplantar CAR injection; (c,d) CAR
with NP treatment and CAR with RP treatment, respectively; (a1–d1) low magnification of the
respective panels; and (e) histological score for the various treatment groups. The figures are
representative of at least three independent experiments. *** p < 0.001 vs. Sham; # p < 0.05 vs. CAR.

3.7. NP Inhibited CAR-Induced Nitrotyrosine Formation

The possible participation of peroxynitrite in reactive oxygen species (ROS)-mediated nociception
was evaluated by immunohistochemical detection of nitrated proteins (nitrotyrosine formation).
Nitrotyrosine expression was clearly detectable after CAR injection into the hind paw tissue (Figure 7b
and insert Figure 7b1, see densitometry analysis Figure 7e). The formation of nitrated proteins was
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blocked by NP but not by RP (Figure 7c and insert Figure 7c1, see densitometry analysis Figure 7e).
This effect better explains the antioxidant effect of NP.
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Figure 7. Peroxynitrite production following intraplantar injection of CAR in rat hind paw.
Immunohistochemistry for nitrotyrosine showed positive staining in paw tissue sections from
CAR-injected rats (b). The intensity of nitrotyrosine staining was significantly reduced in the paw
from NP-treated rats (c); compared to RP-treated rats (d). (a1–d1) low magnification of the respective
panels. The figures are representative of at least three independent experiments. *** p < 0.001 vs. Sham;
# p < 0.05 vs. CAR.

4. Discussion

In the literature, there are several studies regarding the beneficial effects of pistachio. In particular,
there are studies on carrageenan or LPS-induced acute inflammatory response [4,16], inflammatory
bowel disease and colitis [21,35–37], cancer [38–40], allergic inflammation in asthmatic model [41]
and many other experimental models. Furthermore, the antimicrobial properties of polyphenolic
fractions obtained from natural raw and roasted salted pistachios have also been evaluated [42,43].
Several studies have reported the potent antioxidant, anti-inflammatory and anti-apoptotic potential
of pistachio [44–48].

Therefore, the purpose of our research was to demonstrate for the first time that polyphenols
extracted from natural raw shelled pistachios (NP) and from roasted salted pistachio (RP) kernels
possessed antioxidant and anti-inflammatory properties at doses lower than those found in
the literature.

In the in vivo study, we have demonstrated that the polyphenols-rich extract obtained from
NP significantly reduced the paw edema in rats, with a decrease in MPO activity that a marker of
neutrophilic infiltration. No significant effect was detected when using the RP polyphenols-rich extract.
This could be due to the higher levels of bioactive compounds identified in NP compared with RP [17].
Furthermore, the synergistic interaction amongst the polyphenols identified in NP could enhance its
bioactivity. The strong antioxidant effect of catechin, whose concentration is double in NP compared
to RP (Table 1), has been widely reported [49]. The concentration of epicatechin and isoquercetin is
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also significantly higher in NP compared to RP (Table 1): we believe that these compounds contribute
to the strong antioxidant and anti-inflammatory properties of the extract.

Various studies on pistachio have clearly indicated a crucial role played by NF-κB in the gene
regulation associated to proteins or mediators of inflammation [4,50]. For example, it has been
previously shown that NP is able to inhibit the degradation of IKB-alpha and the consequent NFKB
translocation in the nucleus [16]. Furthermore, it has been shown that the hydrophilic extract
from Sicilian Pistacia L. is capable of influencing redox-sensitive signal transduction pathways thus
modulating NF-κB activity and finally decreasing the regulation of iNOS expression, COX-2 and
TNF-α [16,20,44,45].

Therefore, we sought to evaluate where NP and RP polyphenols-rich extracts had effects on
the expression of these proteins, even at lower doses than reported previously. Treatment with NP
and RP significantly reduced TNF-α and IL-1β levels, and attenuated the production of iNOS. These
observations are in agreement with previous studies evaluating the anti-inflammatory properties of
plant materials and molecules of bioactives [51–54]. Thus, the antioxidant and anti-inflammatory
properties of polyphenols from pistachios could be attributed to the reduction of the nitrosative stress
and subsequent formation of NO. This was reported earlier, but at doses much higher than those used
in the present study.

Taken together, our data demonstrated that polyphenols from pistachios, at lower doses that
reported in literature, were able to protect from oxidative stress reducing the expression of markers of
nitrosative stress such as iNOS, COX2 and NO formation.

5. Conclusions

In conclusion, we have demonstrated that the bioactives present in pistachios exhibit some
antioxidants and anti-inflammatory properties at lower doses in vitro and in vivo, suggesting a
potential therapeutic use of these natural products. However, in-depth studies and more appropriate
models are warranted on the mechanisms involved.

Acknowledgments: The pistachios used in this study were generously provided by the American Pistachios
Growers (Fresno, CA, USA).

Author Contributions: S.C. and G.M. planned experiments. D.I., M.C. and E.G. performed in vivo experiments.
I.P. and R.S. performed in vitro experiments. E.E. and A.C. analyzed the results and prepared the manuscript. C.B.
prepared pistachios compounds. All authors read and approved the final manuscript.

Financial Support: This research received no specific grant from any funding agency, commercial or
not-for-profit sectors.

Conflicts of Interest: The authors declare no conflict of interest. Author disclosures: AC is scientific advisor for
American Pistachio Growers.

References

1. Calixto, J.B.; Otuki, M.F.; Santos, A.R. Anti-inflammatory compounds of plant origin. Part I. Action on
arachidonic acid pathway, nitric oxide and nuclear factor kappa b (nf-kappab). Planta Med. 2003, 69, 973–983.
[PubMed]

2. Ong, C.K.; Lirk, P.; Tan, C.H.; Seymour, R.A. An evidence-based update on nonsteroidal anti-inflammatory
drugs. Clin. Med. Res. 2007, 5, 19–34. [CrossRef] [PubMed]

3. Lev, E.; Amar, Z. Ethnopharmacological survey of traditional drugs sold in israel at the end of the 20th
century. J. Ethnopharmacol. 2000, 72, 191–205. [CrossRef]

4. Ben Khedir, S.; Mzid, M.; Bardaa, S.; Moalla, D.; Sahnoun, Z.; Rebai, T. In vivo evaluation of the
anti-inflammatory effect of pistacia lentiscus fruit oil and its effects on oxidative stress. Evid.-Based
Complement. Altern. Med. eCAM 2016, 2016, 6108203. [CrossRef] [PubMed]

5. Said, O.; Khalil, K.; Fulder, S.; Azaizeh, H. Ethnopharmacological survey of medicinal herbs in israel, the
golan heights and the west bank region. J. Ethnopharmacol. 2002, 83, 251–265. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/14735432
http://dx.doi.org/10.3121/cmr.2007.698
http://www.ncbi.nlm.nih.gov/pubmed/17456832
http://dx.doi.org/10.1016/S0378-8741(00)00230-0
http://dx.doi.org/10.1155/2016/6108203
http://www.ncbi.nlm.nih.gov/pubmed/28070202
http://dx.doi.org/10.1016/S0378-8741(02)00253-2


Nutrients 2017, 9, 915 13 of 15

6. Ali-Shtayeh, M.S.; Yaniv, Z.; Mahajna, J. Ethnobotanical survey in the palestinian area: A classification of the
healing potential of medicinal plants. J. Ethnopharmacol. 2000, 73, 221–232. [CrossRef]

7. Noorbakhsh, R.; Mortazavi, S.A.; Sankian, M.; Shahidi, F.; Maleki, S.J.; Nasiraii, L.R.; Falak, R.; Sima, H.R.;
Varasteh, A. Influence of processing on the allergenic properties of pistachio nut assessed in vitro. J. Agric.
Food Chem. 2010, 58, 10231–10235. [CrossRef] [PubMed]

8. Ahmad, N.S.; Waheed, A.; Farman, M.; Qayyum, A. Analgesic and anti-inflammatory effects of pistacia
integerrima extracts in mice. J. Ethnopharmacol. 2010, 129, 250–253. [CrossRef] [PubMed]

9. Adams, M.; Berset, C.; Kessler, M.; Hamburger, M. Medicinal herbs for the treatment of rheumatic
disorders—A survey of european herbals from the 16th and 17th century. J. Ethnopharmacol. 2009, 121,
343–359. [CrossRef] [PubMed]

10. Dreher, M.L. Pistachio nuts: Composition and potential health benefits. Nutr. Rev. 2012, 70, 234–240.
[CrossRef] [PubMed]

11. Grace, M.H.; Esposito, D.; Timmers, M.A.; Xiong, J.; Yousef, G.; Komarnytsky, S.; Lila, M.A. Chemical
composition, antioxidant and anti-inflammatory properties of pistachio hull extracts. Food Chem. 2016, 210,
85–95. [CrossRef] [PubMed]

12. Eisenhauer, B.; Natoli, S.; Liew, G.; Flood, V.M. Lutein and zeaxanthin-food sources, bioavailability and
dietary variety in age-related macular degeneration protection. Nutrients 2017, 9, 120. [CrossRef] [PubMed]

13. Rafiee, Z.; Barzegar, M.; Sahari, M.A.; Maherani, B. Nanoliposomal carriers for improvement the
bioavailability of high-valued phenolic compounds of pistachio green hull extract. Food Chem. 2017, 220,
115–122. [CrossRef] [PubMed]

14. De Giudici, G.; Medas, D.; Meneghini, C.; Casu, M.A.; Gianoncelli, A.; Iadecola, A.; Podda, S.; Lattanzi, P.
Microscopic biomineralization processes and zn bioavailability: A synchrotron-based investigation of
Pistacia lentiscus L. Roots. Environ. Sci. Pollut. Res. Int. 2015, 22, 19352–19361. [CrossRef] [PubMed]

15. Attoub, S.; Karam, S.M.; Nemmar, A.; Arafat, K.; John, A.; Al-Dhaheri, W.; Al Sultan, M.A.; Raza, H.
Short-term effects of oral administration of pistacia lentiscus oil on tissue-specific toxicity and drug
metabolizing enzymes in mice. Cell. Physiol. Biochem. 2014, 33, 1400–1410. [CrossRef] [PubMed]

16. Gentile, C.; Allegra, M.; Angileri, F.; Pintaudi, A.M.; Livrea, M.A.; Tesoriere, L. Polymeric proanthocyanidins
from sicilian pistachio (Pistacia vera L.) nut extract inhibit lipopolysaccharide-induced inflammatory response
in raw 264.7 cells. Eur. J. Nutr. 2012, 51, 353–363. [CrossRef] [PubMed]

17. Mandalari, G.; Bisignano, C.; Filocamo, A.; Chessa, S.; Saro, M.; Torre, G.; Faulks, R.M.; Dugo, P.
Bioaccessibility of pistachio polyphenols, xanthophylls, and tocopherols during simulated human digestion.
Nutrition 2013, 29, 338–344. [CrossRef] [PubMed]

18. Esmat, A.; Al-Abbasi, F.A.; Algandaby, M.M.; Moussa, A.Y.; Labib, R.M.; Ayoub, N.A.; Abdel-Naim, A.B.
Anti-inflammatory activity of pistacia khinjuk in different experimental models: Isolation and
characterization of its flavonoids and galloylated sugars. J. Med. Food 2012, 15, 278–287. [CrossRef]
[PubMed]

19. Giner-Larza, E.M.; Manez, S.; Giner, R.M.; Recio, M.C.; Prieto, J.M.; Cerda-Nicolas, M.; Rios, J.L.
Anti-inflammatory triterpenes from pistacia terebinthus galls. Planta Med. 2002, 68, 311–315. [CrossRef]
[PubMed]

20. Grace, M.H.; Esposito, D.; Timmers, M.A.; Xiong, J.; Yousef, G.; Komarnytsky, S.; Lila, M.A. In vitro lipolytic,
antioxidant and anti-inflammatory activities of roasted pistachio kernel and skin constituents. Food Funct.
2016, 7, 4285–4298. [CrossRef] [PubMed]

21. Naouar, M.S.; Mekki, L.Z.; Charfi, L.; Boubaker, J.; Filali, A. Preventive and curative effect of pistacia lentiscus
oil in experimental colitis. Biomed. Pharmacother. 2016, 83, 577–583. [CrossRef] [PubMed]

22. Tanideh, N.; Jamshidzadeh, A.; Sepehrimanesh, M.; Hosseinzadeh, M.; Koohi-Hosseinabadi, O.; Najibi, A.;
Raam, M.; Daneshi, S.; Asadi-Yousefabad, S.L. Healing acceleration of acetic acid-induced colitis by marigold
(calendula officinalis) in male rats. Saudi J. Gastroenterol. 2016, 22, 50–56. [CrossRef] [PubMed]

23. Gholami, M.; Ghasemi-Niri, S.F.; Maqbool, F.; Baeeri, M.; Memariani, Z.; Pousti, I.; Abdollahi, M.
Experimental and pathalogical study of pistacia atlantica, butyrate, lactobacillus casei and their combination
on rat ulcerative colitis model. Pathol. Res. Pract. 2016, 212, 500–508. [CrossRef] [PubMed]

24. Gioxari, A.; Kaliora, A.C.; Papalois, A.; Agrogiannis, G.; Triantafillidis, J.K.; Andrikopoulos, N.K. Pistacia
lentiscus resin regulates intestinal damage and inflammation in trinitrobenzene sulfonic acid-induced colitis.
J. Med. Food 2011, 14, 1403–1411. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0378-8741(00)00316-0
http://dx.doi.org/10.1021/jf101364g
http://www.ncbi.nlm.nih.gov/pubmed/20735130
http://dx.doi.org/10.1016/j.jep.2010.03.017
http://www.ncbi.nlm.nih.gov/pubmed/20359528
http://dx.doi.org/10.1016/j.jep.2008.11.010
http://www.ncbi.nlm.nih.gov/pubmed/19063957
http://dx.doi.org/10.1111/j.1753-4887.2011.00467.x
http://www.ncbi.nlm.nih.gov/pubmed/22458696
http://dx.doi.org/10.1016/j.foodchem.2016.04.088
http://www.ncbi.nlm.nih.gov/pubmed/27211624
http://dx.doi.org/10.3390/nu9020120
http://www.ncbi.nlm.nih.gov/pubmed/28208784
http://dx.doi.org/10.1016/j.foodchem.2016.09.207
http://www.ncbi.nlm.nih.gov/pubmed/27855878
http://dx.doi.org/10.1007/s11356-015-4808-9
http://www.ncbi.nlm.nih.gov/pubmed/26062465
http://dx.doi.org/10.1159/000358706
http://www.ncbi.nlm.nih.gov/pubmed/24853661
http://dx.doi.org/10.1007/s00394-011-0220-5
http://www.ncbi.nlm.nih.gov/pubmed/21735273
http://dx.doi.org/10.1016/j.nut.2012.08.004
http://www.ncbi.nlm.nih.gov/pubmed/23237656
http://dx.doi.org/10.1089/jmf.2011.0099
http://www.ncbi.nlm.nih.gov/pubmed/22082098
http://dx.doi.org/10.1055/s-2002-26749
http://www.ncbi.nlm.nih.gov/pubmed/11988853
http://dx.doi.org/10.1039/C6FO00867D
http://www.ncbi.nlm.nih.gov/pubmed/27604963
http://dx.doi.org/10.1016/j.biopha.2016.07.021
http://www.ncbi.nlm.nih.gov/pubmed/27459113
http://dx.doi.org/10.4103/1319-3767.173759
http://www.ncbi.nlm.nih.gov/pubmed/26831607
http://dx.doi.org/10.1016/j.prp.2016.02.024
http://www.ncbi.nlm.nih.gov/pubmed/26972417
http://dx.doi.org/10.1089/jmf.2010.0240
http://www.ncbi.nlm.nih.gov/pubmed/21612460


Nutrients 2017, 9, 915 14 of 15

25. Mandalari, G.; Bisignano, C.; D’Arrigo, M.; Ginestra, G.; Arena, A.; Tomaino, A.; Wickham, M.S.
Antimicrobial potential of polyphenols extracted from almond skins. Lett. Appl. Microbiol. 2010, 51,
83–89. [CrossRef] [PubMed]

26. Esposito, E.; Dal Toso, R.; Pressi, G.; Bramanti, P.; Meli, R.; Cuzzocrea, S. Protective effect of verbascoside in
activated c6 glioma cells: Possible molecular mechanisms. Naunyn Schmiedebergs Arch. Pharmacol. 2010, 381,
93–105. [CrossRef] [PubMed]

27. Abe, K.; Matsuki, N. Measurement of cellular 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(mtt) reduction activity and lactate dehydrogenase release using mtt. Neurosci. Res. 2000, 38, 325–329.
[CrossRef]

28. Paterniti, I.; Cordaro, M.; Campolo, M.; Siracusa, R.; Cornelius, C.; Navarra, M.; Cuzzocrea, S.; Esposito, E.
Neuroprotection by association of palmitoylethanolamide with luteolin in experimental alzheimer’s disease
models: The control of neuroinflammation. CNS Neurol. Disord. Drug Targets 2014, 13, 1530–1541. [CrossRef]
[PubMed]

29. Perez, A.P.; Casasco, A.; Schilrreff, P.; Tesoriero, M.V.; Duempelmann, L.; Pappalardo, J.S.; Altube, M.J.;
Higa, L.; Morilla, M.J.; Petray, P.; et al. Enhanced photodynamic leishmanicidal activity of hydrophobic zinc
phthalocyanine within archaeolipids containing liposomes. Int. J. Nanomed. 2014, 9, 3335–3345.

30. Salvemini, D.; Wang, Z.Q.; Wyatt, P.S.; Bourdon, D.M.; Marino, M.H.; Manning, P.T.; Currie, M.G. Nitric oxide:
A key mediator in the early and late phase of carrageenan-induced rat paw inflammation. Br. J. Pharmacol.
1996, 118, 829–838. [CrossRef] [PubMed]

31. Impellizzeri, D.; Bruschetta, G.; Cordaro, M.; Crupi, R.; Siracusa, R.; Esposito, E.; Cuzzocrea, S.
Micronized/ultramicronized palmitoylethanolamide displays superior oral efficacy compared to
nonmicronized palmitoylethanolamide in a rat model of inflammatory pain. J. Neuroinflamm. 2014, 11,
136. [CrossRef] [PubMed]

32. Petrosino, S.; Campolo, M.; Impellizzeri, D.; Paterniti, I.; Allara, M.; Gugliandolo, E.; D’Amico, R.;
Siracusa, R.; Cordaro, M.; Esposito, E.; et al. 2-pentadecyl-2-oxazoline, the oxazoline of pea, modulates
carrageenan-induced acute inflammation. Front. Pharmacol. 2017, 8, 308. [CrossRef] [PubMed]

33. Casili, G.; Cordaro, M.; Impellizzeri, D.; Bruschetta, G.; Paterniti, I.; Cuzzocrea, S.; Esposito, E. Dimethyl
fumarate reduces inflammatory responses in experimental colitis. J. Crohns Colitis 2016, 10, 472–483.
[CrossRef] [PubMed]

34. Esposito, E.; Impellizzeri, D.; Cordaro, M.; Siracusa, R.; Gugliandolo, E.; Crupi, R.; Cuzzocrea, S. A new
co-micronized composite containing palmitoylethanolamide and polydatin shows superior oral efficacy
compared to their association in a rat paw model of carrageenan-induced inflammation. Eur. J. Pharmacol.
2016, 782, 107–118. [CrossRef] [PubMed]

35. Kim, H.J.; Neophytou, C. Natural anti-inflammatory compounds for the management and adjuvant therapy
of inflammatory bowel disease and its drug delivery system. Arch. Pharm. Res. 2009, 32, 997–1004. [CrossRef]
[PubMed]

36. Papalois, A.; Gioxari, A.; Kaliora, A.C.; Lymperopoulou, A.; Agrogiannis, G.; Papada, E.; Andrikopoulos, N.K.
Chios mastic fractions in experimental colitis: Implication of the nuclear factor kappab pathway in cultured
ht29 cells. J. Med. Food 2012, 15, 974–983. [CrossRef] [PubMed]

37. Tafti, L.D.; Shariatpanahi, S.M.; Damghani, M.M.; Javadi, B. Traditional persian topical medications for
gastrointestinal diseases. Iran J. Basic Med. Sci. 2017, 20, 222–241. [PubMed]

38. Catalani, S.; Palma, F.; Battistelli, S.; Nuvoli, B.; Galati, R.; Benedetti, S. Reduced cell viability and apoptosis
induction in human thyroid carcinoma and mesothelioma cells exposed to cidofovir. Toxicol. In Vitro 2017,
41, 49–55. [CrossRef] [PubMed]

39. Spyridopoulou, K.; Tiptiri-Kourpeti, A.; Lampri, E.; Fitsiou, E.; Vasileiadis, S.; Vamvakias, M.; Bardouki, H.;
Goussia, A.; Malamou-Mitsi, V.; Panayiotidis, M.I.; et al. Dietary mastic oil extracted from pistacia lentiscus
var. Chia suppresses tumor growth in experimental colon cancer models. Sci. Rep. 2017, 7, 3782. [CrossRef]
[PubMed]

40. Balan, K.V.; Prince, J.; Han, Z.; Dimas, K.; Cladaras, M.; Wyche, J.H.; Sitaras, N.M.; Pantazis, P.
Antiproliferative activity and induction of apoptosis in human colon cancer cells treated in vitro with
constituents of a product derived from pistacia lentiscus l. Var. Chia. Phytomedicine 2007, 14, 263–272.
[CrossRef] [PubMed]

http://dx.doi.org/10.1111/j.1472-765X.2010.02862.x
http://www.ncbi.nlm.nih.gov/pubmed/20497495
http://dx.doi.org/10.1007/s00210-009-0466-0
http://www.ncbi.nlm.nih.gov/pubmed/19904526
http://dx.doi.org/10.1016/S0168-0102(00)00188-7
http://dx.doi.org/10.2174/1871527313666140806124322
http://www.ncbi.nlm.nih.gov/pubmed/25106636
http://dx.doi.org/10.1111/j.1476-5381.1996.tb15475.x
http://www.ncbi.nlm.nih.gov/pubmed/8799551
http://dx.doi.org/10.1186/s12974-014-0136-0
http://www.ncbi.nlm.nih.gov/pubmed/25164769
http://dx.doi.org/10.3389/fphar.2017.00308
http://www.ncbi.nlm.nih.gov/pubmed/28611664
http://dx.doi.org/10.1093/ecco-jcc/jjv231
http://www.ncbi.nlm.nih.gov/pubmed/26690241
http://dx.doi.org/10.1016/j.ejphar.2016.03.033
http://www.ncbi.nlm.nih.gov/pubmed/27095683
http://dx.doi.org/10.1007/s12272-009-1704-1
http://www.ncbi.nlm.nih.gov/pubmed/19641880
http://dx.doi.org/10.1089/jmf.2012.0018
http://www.ncbi.nlm.nih.gov/pubmed/22891614
http://www.ncbi.nlm.nih.gov/pubmed/28392893
http://dx.doi.org/10.1016/j.tiv.2017.02.008
http://www.ncbi.nlm.nih.gov/pubmed/28223140
http://dx.doi.org/10.1038/s41598-017-03971-8
http://www.ncbi.nlm.nih.gov/pubmed/28630399
http://dx.doi.org/10.1016/j.phymed.2006.03.009
http://www.ncbi.nlm.nih.gov/pubmed/16713222


Nutrients 2017, 9, 915 15 of 15

41. Qiao, J.; Li, A.; Jin, X.; Wang, J. Mastic alleviates allergic inflammation in asthmatic model mice by inhibiting
recruitment of eosinophils. Am. J. Respir. Cell Mol. Biol. 2011, 45, 95–100. [CrossRef] [PubMed]

42. Smeriglio, A.; Denaro, M.; Barreca, D.; Calderaro, A.; Bisignano, C.; Ginestra, G.; Bellocco, E.; Trombetta, D.
In vitro evaluation of the antioxidant, cytoprotective, and antimicrobial properties of essential oil from
Pistacia vera L. Variety bronte hull. Int. J. Mol. Sci. 2017, 18, 1212. [CrossRef] [PubMed]

43. Bisignano, C.; Filocamo, A.; Faulks, R.M.; Mandalari, G. In vitro antimicrobial activity of pistachio
(Pistacia vera L.) polyphenols. FEMS Microbiol. Lett. 2013, 341, 62–67. [CrossRef] [PubMed]

44. Rauf, A.; Maione, F.; Uddin, G.; Raza, M.; Siddiqui, B.S.; Muhammad, N.; Shah, S.U.; Khan, H.; De Feo, V.;
Mascolo, N. Biological evaluation and docking analysis of daturaolone as potential cyclooxygenase inhibitor.
Evid.-Based Complement. Altern. Med. eCAM 2016, 2016, 4098686. [CrossRef] [PubMed]

45. Yayeh, T.; Hong, M.; Jia, Q.; Lee, Y.C.; Kim, H.J.; Hyun, E.; Kim, T.W.; Rhee, M.H. Pistacia chinensis inhibits
no production and upregulates ho-1 induction via pi-3k/akt pathway in lps stimulated macrophage cells.
Am. J. Chin. Med. 2012, 40, 1085–1097. [CrossRef] [PubMed]

46. Mehla, K.; Balwani, S.; Kulshreshtha, A.; Nandi, D.; Jaisankar, P.; Ghosh, B. Ethyl gallate isolated from pistacia
integerrima linn. Inhibits cell adhesion molecules by blocking ap-1 transcription factor. J. Ethnopharmacol.
2011, 137, 1345–1352. [CrossRef] [PubMed]

47. Zhang, J.; Kris-Etherton, P.M.; Thompson, J.T.; Vanden Heuvel, J.P. Effect of pistachio oil on gene expression
of ifn-induced protein with tetratricopeptide repeats 2: A biomarker of inflammatory response. Mol. Nutr.
Food Res. 2010, 54 (Suppl. 1), S83–S92. [CrossRef] [PubMed]

48. Zhou, L.; Satoh, K.; Takahashi, K.; Watanabe, S.; Nakamura, W.; Maki, J.; Hatano, H.; Takekawa, F.;
Shimada, C.; Sakagami, H. Re-evaluation of anti-inflammatory activity of mastic using activated
macrophages. In Vivo 2009, 23, 583–589. [PubMed]

49. Gahruie, H.H.; Niakousari, M. Antioxidant, antimicrobial, cell viability and enzymatic inhibitory of
antioxidant polymers as biological macromolecules. Int. J. Biol. Macromol. 2017, 104, 606–617. [CrossRef]
[PubMed]

50. Beg, S.; Swain, S.; Hasan, H.; Barkat, M.A.; Hussain, M.S. Systematic review of herbals as potential
anti-inflammatory agents: Recent advances, current clinical status and future perspectives. Pharm. Rev. 2011,
5, 120–137. [CrossRef] [PubMed]

51. Mandalari, G.; Bisignano, C.; Genovese, T.; Mazzon, E.; Wickham, M.S.; Paterniti, I.; Cuzzocrea, S. Natural
almond skin reduced oxidative stress and inflammation in an experimental model of inflammatory bowel
disease. Int. Immunopharmacol. 2011, 11, 915–924. [CrossRef] [PubMed]

52. Mandalari, G.; Genovese, T.; Bisignano, C.; Mazzon, E.; Wickham, M.S.; Di Paola, R.; Bisignano, G.;
Cuzzocrea, S. Neuroprotective effects of almond skins in experimental spinal cord injury. Clin. Nutr.
2011, 30, 221–233. [CrossRef] [PubMed]

53. Impellizzeri, D.; Bruschetta, G.; Di Paola, R.; Ahmad, A.; Campolo, M.; Cuzzocrea, S.; Esposito, E.;
Navarra, M. The anti-inflammatory and antioxidant effects of bergamot juice extract (bje) in an experimental
model of inflammatory bowel disease. Clin. Nutr. 2015, 34, 1146–1154. [CrossRef] [PubMed]

54. Impellizzeri, D.; Talero, E.; Siracusa, R.; Alcaide, A.; Cordaro, M.; Maria Zubelia, J.; Bruschetta, G.; Crupi, R.;
Esposito, E.; Cuzzocrea, S.; et al. Protective effect of polyphenols in an inflammatory process associated with
experimental pulmonary fibrosis in mice. Br. J. Nutr. 2015, 114, 853–865. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1165/rcmb.2010-0212OC
http://www.ncbi.nlm.nih.gov/pubmed/20855649
http://dx.doi.org/10.3390/ijms18061212
http://www.ncbi.nlm.nih.gov/pubmed/28587291
http://dx.doi.org/10.1111/1574-6968.12091
http://www.ncbi.nlm.nih.gov/pubmed/23350629
http://dx.doi.org/10.1155/2016/4098686
http://www.ncbi.nlm.nih.gov/pubmed/27042189
http://dx.doi.org/10.1142/S0192415X12500802
http://www.ncbi.nlm.nih.gov/pubmed/22928837
http://dx.doi.org/10.1016/j.jep.2011.07.068
http://www.ncbi.nlm.nih.gov/pubmed/21843619
http://dx.doi.org/10.1002/mnfr.200900244
http://www.ncbi.nlm.nih.gov/pubmed/20013886
http://www.ncbi.nlm.nih.gov/pubmed/19567394
http://dx.doi.org/10.1016/j.ijbiomac.2017.06.021
http://www.ncbi.nlm.nih.gov/pubmed/28600204
http://dx.doi.org/10.4103/0973-7847.91102
http://www.ncbi.nlm.nih.gov/pubmed/22279370
http://dx.doi.org/10.1016/j.intimp.2011.02.003
http://www.ncbi.nlm.nih.gov/pubmed/21354356
http://dx.doi.org/10.1016/j.clnu.2010.08.002
http://www.ncbi.nlm.nih.gov/pubmed/20864228
http://dx.doi.org/10.1016/j.clnu.2014.11.012
http://www.ncbi.nlm.nih.gov/pubmed/25491246
http://dx.doi.org/10.1017/S0007114515002597
http://www.ncbi.nlm.nih.gov/pubmed/26334388
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Pistachios 
	In Vitro Study 
	Cell Culture and Experimental Groups 
	Vital Staining 
	Western Blot Analysis 
	Measurement of Nitrite Levels 
	Measurement of Cytokine Production 
	Determination of Intracellular ROS 
	Determination of Malondialdehyde (MDA) Levels 

	In Vivo Study 
	Animals 
	Carrageenan-Induced Paw Edema 
	Experimental Groups 
	Histological Examination of the CAR-Inflamed Hind Paw 
	Myeloperoxidase Activity 
	Immunohistochemistry for Nitroyrosine 

	Materials 
	Statistical Analysis 

	Results 
	Effect of NP and RP on Cell Viability 
	Effect of NP and RP on IB- Expression 
	Effect of NP and RP on TNF- and IL-1 Expression 
	Effect of NP and RP on iNOS, COX-2 and Nitrite Expression 
	Effect of NP and RP on the Time-Course of Carrageenan-Induced Paw Edema in Rats 
	NP Inhibited CAR-Induced Histological Paw Damage and Neutrophil Infiltration 
	NP Inhibited CAR-Induced Nitrotyrosine Formation 

	Discussion 
	Conclusions 

