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Abstract: Gastric cancer (GC) is one of the most prevalent malignant types in the world and an 
aggressive disease with a poor 5-year survival. GC is the third greatest global cause of 
cancer-related deaths. It is well recognized that tumor heterogeneity, a fundamental feature of 
malignancy, plays an essential role in the cancer development and chemoresistance. In this study, 
we investigated the apoptotic effects of Pistacia vera nut skin methanol extract on human gastric 
cancer cell line HGC-27. The results of this study demonstrate for the first time the protective effect 
of Pistacia vera nut skin methanol extract on gastric carcinoma. 
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1. Introduction 

Gastric cancer (GC) is the third leading cause of cancer-related deaths worldwide. GC 
represents one of the most aggressive cancer tumors, in which chemotherapy and molecularly 
targeted agents have had limited efficacy. Despite the improvement in conventional therapies for 
advanced GC, including surgery, chemotherapy and radiotherapy, the length or quality of life of 
patients with advanced GC is still poor [1,2]. Therefore, there is a need to develop novel therapy for 
GC. Bioactive natural products are a good source for development of novel cancer preventive and 
therapeutic drugs. In this study, we investigated the apoptotic activity of methanol extract of the 
pistachio (Pistacia vera L.) nut skin on the human GC cell line HGC-27. 

2. Materials and Methods 

HGC-27 cells were cultured in DMEM medium supplemented with 10% fetal bovine serum. 
When cells reached 70% of confluence, they were treated with water extract or saline during 24 h. 
Cells were treated with methanol extracts (25, 50, 100, or 150 μg/mL) and supernatant nitric oxide 
(NO) levels were measured using NO/ozone chemiluminescence method. 
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NO measurements: Nitrate and nitrite are the primary oxidation products of NO and 
thereforethe nitrate/nitrite level in plasma and tissue homogenates can be used as an indicator of NO 
formation. The plasma samples were deproteinized with absolute ethanol at 0 °C in a 1:2 v/v mix, 
incubated 30 min at 0 °C followed by centrifugation at 14,000 rpm for 5 min. The pellets were 
discarded and the supernatant was used to measure NO levels. For measurement of NO, we 
employed the NO/ozone chemiluminescence technique (Model 280i NOA, Sievers Instruments, 
Boulder, CO, USA). Briefly, a saturated solution of the reducing agent (vanadium-III chloride 
dissolved in 1 M HCl) was prepared and filtered before use. Five milliliters of this agent was added 
to purge the vessel with nitrogen for 5–10 min before use. The purge vessel was equipped with a 
cold-water condenser and a water jacket to permit heating of the reducing agent to 95 °C using a 
circulating water bath. The HCl vapors were removed by a gas bubbler containing 15 mL of 1 M 
NaOH. Samples and standards were injected into the purge vessel to react with the reducing agent, 
which converted nitrate, nitrite and S-nitrosocompounds to NO. A continuous stream of pure 
nitrogen purged the resultant NO from the reaction vessel to the chemiluminescence chamber. A 
standard curve was established with a set of serial dilutions (0.1–300 μM) of sodium nitrate. The 
concentrations of NO metabolites in the samples were determined by comparison with the standard 
curve and expressed as μM. Data collection and analysis was performed using the NOAnalysisTM 
software (version 3.21, Sievers, Boulder, CO, USA) [3]. 

Apoptotic cells were quantified by Annexin-V/7AAD-positive staining, using an 
Annexin-V-FITC/7AAD kit from Beckman Coulter. The kit was used according to the 
manufacturer’s instructions. In brief, treated and untreated (background control) cells (105 
cells/sample) were washed with DMEM cell culture medium supplemented with 2% FCS and 
centrifuged for 5 min at 400 g. Each sample was resuspended in 500 μL of DMEM with 2% FCS. Then 
7-AAD was added to obtain concentrations of 1, 5, 10, and 20 μg/mL. Samples were incubated for 20 
min on ice in darkness. After incubation, all samples were centrifuged (400 g, 5 min, 4 °C), washed 
once with 1 mL of PBS with 2% FCS (4 °C), centrifuged again (400 g, 5 min, 4 °C), and resuspended in 
500 μLof PBS with 2% FCS (4 °C). Samples were stored on ice and analyzed by flow cytometry 
within 1 h on a flow cytometer (NAVIOS Beckman Coulter, Miami, FL, USA). Fluorescence intensity 
values between late apoptotic/dead and viable cells were considered to represent apoptotic cells. 

For the cell cycle assay, BD Cycletest™ Plus DNA Reagent kit (BD Biosciences, San Jose, CA, 
USA) was used. Cell cycle analysis was performed by using flow cytometer (NAVIOS Beckman 
Coulter, Miami, FL, USA). 

For gene expression study, mRNA was isolated from cells by using miRNeasy Mini Kit (Qiagen 
GmbH, Hilden, Germany). Then cDNA was produced with the Ipsogen RT Kit (Qiagen GmbH). 
qRT-PCR was performed by Rotor Gene 6000 (Qiagen GmbH, Hilden, Germany). Protein 
expressions were analyzed with western blot method. Bicinchoninic acid protein assay kit (Thermo 
Fisher Scientific, IL, USA) was used to determine protein concentration. All samples were 
electrophoresed in 10% SDS polyacrylamide gels. The proteins were then transferred to 
polyvinylidene difluoride (PVDF) membranes. PVDF membranes were incubated overnight with 
primary antibodies and β-actin antibody was used as a loading control. Immunoreactivities of the 
bands were visualized with chemiluminescence substrate Super Signal West Pico (cat. no.34080, 
Thermo Fisher Scientific, IL, USA). The density of each band was measured using an automatic 
electrophoresis gel image analysis system (Image Lab, Bio-Rad, USA), then normalized to beta-actin 
levels. 

Statistical analyses: All values were shown as the mean ± SD, SEM or percentage. The unpaired 
Student’s t test was used for comparisons of the differences between mean values of two groups. 
Statistical analysis was carried out using GraphPad Instat version 3.05 (GraphPad Software Inc., San 
Diego, CA, USA). The p values of 0.05 or less were considered to be statistical significant. 

3. Results 

The supernatant of the cells treated with 150 mg/mLmethanol extract produced 11.0 ± 3.5% 
inhibition in NO levels. Apoptosis of the HGC-27 cells was not stimulated with methanol extract 
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(0.6%) when compared to DMSO (0.5%). Proliferation assessed by cell cycle assay showed that the 
methanol extract decreased the G0/G1 phase of cell cycle (methanol extract: G0/G1 60.5%, G2 0.0%, 
and S 39.6%; DMSO: G0/G1 60.0%, G2 0.3%, and S 39.7%, p > 0.05). NFkB (2.5 fold), p16 (5.2 fold), p27 
(2.4 fold), and p53 (2.2 fold) gene expressions were significantly augmented with methanol extract 
treatment. Similarly, NFkB (1.6 fold), p16 (4.4 fold), p27 (2.9 fold), and p53 (1.3 fold) protein 
expressions were significantly modified with methanol extract treatment. 

4. Discussion 

Our results showed that methanol extract of the Pistacia vera nut skin exhibited its anti-tumor 
activity against HGC-27 cells through elevation of apoptosis-related proteins. In a recent study, 
Rahman [4] has studied anticancer activities of mastic gum resin from Pistacia atlantica and found 
that the mastic gum resin suppressed proliferation of gastric adenocarcinoma (CRL-1739) cells. It 
was demonstrated in this study that the apoptotic effect to mastic gum resin was via the 
mitochondrial as shown by the up-regulation of Bax, down-regulation of Bcl-2 genes, and activation 
of caspase-9 and -3 activities [4].Our findings are the first to demonstrate that marked increases in 
p16, p27, and p53 gene and protein expressions may mediate the anticancer activity of the Pistacia 
vera nut skin methanol extract. 
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