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Introduction

Iron is an essential element in human nutrition, it plays a crucial 
role in oxygen transport and storage and is similarly as vital 
for processes such as ATP generation, DNA synthesis, cell 
proliferation and cell cycle progression and various enzymatic 
activities [1-3]. While iron is essential for life, an excess of  iron 
is toxic. There is no active mechanism for the excretion of  iron 
in the human body. However, iron overloading in situations like 
iron intoxication and in the patients with chronic anemia who may 
receive excess iron with each blood transfusion, cause gradual 
accumulation of  iron and damage in various tissues including 
liver [4], cardiovascular system [5] and brain [6]. Production of   
reactive oxygen species (ROS) is closely connected to the toxic 

effects of  iron. The link between Fe and production of  ROS is 
Fenton reaction which is responsible to formation of  hydroxyl 
radicals [7]. ROS, especially hydroxyl radicals are active oxygen 
compounds causes oxidative stress which play an important 
role in the onset of  different diseases, including atherosclerosis, 
rheumatoid arthritis, cancer and neurodegenerative diseases [8]. 
Iron has also been associated in the development of  cancer [9]. 
Several in vitro, in vivo, animal and epidemiological studies have 
confirmed the association between excess iron and cancer [10, 
11]. Importantly, iron is an essential cofactor for ribonucleotide 
reductase (RR), which catalyzes conversion of  nucleotides 
to deoxynucleotides which are necessary for DNA synthesis 
[12]. Not surprisingly, because of  considerably high rate of  
proliferation, cancer cells require more iron than normal cells. 
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Moreover, disturbance in regulation of  iron homeostasis has been 
considered as one of  the mechanisms in cancer development [13, 
14]. The anti-cancer effects of  Fe chelators have been focused in 
recent years. Considering this considerable need for iron in cancer 
cells, iron deprivation using chelating agents provide a promising 
form of  treatment for cancer therapy which has been reviewed 
in some studies [10, 13, 14]. Currently, three iron chelating agents 
are in routine clinical use; desferrioxamine (DFO), deferiprone 
and deferasirox. Despite the well documented clinical efficacy 
of  these Fe chelators, occurrence of  adverse effects such as 
poor oral bioavailability, short plasma half-life, toxicity, cost 
and effectiveness, restricts their clinical use [15, 16]. Therefore, 
finding natural herbal with iron-chelating activity could be a 
good policy because they are more environmental-friendly and 
their production is economical [17]. Herbal medicines as a source 
of  natural medicinal compounds have been getting acceptance 
during the last few decades, especially in developed countries 
[18].  The iron chelatory effect of  several herbs and natural herbal 
ingredients such as tannins and flavonoids has been reported [16, 
19, 20].

Pistachia vera L., (Anacardiaceae) is a perennial plant native to Iran 
that is cultivated in the Mediterranean and Middle East regions, 
as well as California. The biological activities of  different parts 
of  pistachio such as leaves, kernels, hulls and gum have been 
reported extensively [21, 22]. There are few reports about the 
iron-chelating activity of  P. vera [23] and P. lentiscus [24] gum 
extract.

In order to finding herbal compounds with iron chelatory, 
cytotoxicity effect and antioxidant activity, this study was carried 
out to evaluate these activities of  the methanolic extracts of  
pistachio hull and kernel in in vitro models. Meanwhile, to find the 
role the compounds involved in these activities, the preliminary 
phytochemistry and total phenolic contents of  the extracts was 
determined.

Materials and Methods

Chemicals

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical, 2,4,6-Tri 
(2-pyridyl)-s-triazine (TPTZ), Ferrozine (Iron Reagent),  Folin-
Ciocalteu's reagent, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-
2H-tetrazolium bromide (MTT) were supplied by Sigma–Aldrich 
(St. Louis, MO, USA). Gallic acid, methanol, iron (II) chloride. 
Iron (III) chloride, ferric sulfate hydrate, sodium carbonate, 
sodium acetate, hydrogen chloride, Dimethyl sulfoxide (DMSO) 
were purchased from Merck (Darmstade, Germany). Fetal bovine 
serum (FBS), Dulbecco's modified Eagle medium (DMEM) and 
antibiotics were supplied by Gibco (Life Sciences Inc., USA).  All 
chemicals and solvents were analytical grade.

Samples

Pistachio (Pistachio Vera L.) was collected from Rafsanjan region 
in Kerman province, Iran. After authentication of  the plants, 
a voucher specimen of  the plant was deposited in Herbarium 
center of  Faculty of  Pharmacy, Kerman University of  Medical 
Sciences, Kerman, Iran (KF 1700).

Preparation of  the extracts

Dried powder of  hull (50 g) and the fresh kernels (100 g) were 
respectively extracted by sonication method (three times, 35 
centigrade degree, 15 min.) with 80% aqueous methanol and 
100% methanol respectively at room temperature for 72 h in the 
dark. The extract was separated every 24h and was replaced with 
fresh solvent. Finally all the extracts were mixed thoroughly and 
concentrated under vacuum at 40 °C by using a rotary evaporator. 
The residue was re-extracted with the same solvent and the 
extracts were stored in freezer in dark until use.

Preliminary phytochemical tests

The qualitative phytochemical tests of  tannins, flavonoids, 
saponins, and alkaloids were performed according to Harborne 
[25]. These tests are based on the visual observation of  the 
colorimetric changes or the precipitate formation after an addition 
of  specific reagents.

Determination of  total phenolic contents (TPC)

The total phenolic content of  the medicinal plant samples were 
determined according to the Folin-Ciocalteu method [26] with 
some modifications. Briefly, 0.1 ml of  extract solution (1 mg/ml) 
was mixed with 0.1 ml of  10-fold-diluted Folin-Ciocalteu reagent 
in volumetric flask. After 2 min, 0.4 ml of  7.5% sodium carbonate 
solution was added. Volume was made up to 2 ml with distilled 
water and mixture was allowed to stand for 2 h by intermittent 
shaking. Gallic acid (GA) was used as standard (5-500 µg/ml). 
Absorbance was measured at 765 nm (Jenway 6505 UV/Vis 
spectrophotometer). The estimations of  phenolic compounds in 
the extracts were taken in triplicate and the results were expressed 
as mg Gallic acid equivalents (GAE)/g dried weight of  extracts.

DPPH radical-scavenging activity

The antioxidant activity of  extracts determinates in term of  
hydrogen atoms, electron donation or radical scavenging ability, 
using the stable radical DPPH. The inhibition potential of  
extracts on DPPH radical was measured according to Braca et 
al [27] with some modifications. Fifty micro-litters of  different 
concentrations of  the extracts were added to a 150 µl of  a 0.004% 
methanol solution of  DPPH. The mixture was shaken and allowed 
standing for 30 min in darkness; the absorbance of  the solution 
was determined at 517 nm using microplate reader (Bio Tek ELX 
800 ELIZA Reader). Methanol and BHT were used as control 
and as a standard of  the assay, respectively. Inhibition activity of  
DPPH radical was calculated in following way.

(Equation 1):

Equation 1: Inhibition% = [A0-(A1-Ab)]/A0×100
A0= Absorbance of  control (containing only DPPH)
A1= Absorbance of  extract in DPPH solution
Ab= Absorbance of  extract without DPPH

The concentration of  sample required to decrease 50% of  DPPH 
radicals (IC50) was computed by Probit analysis program (SPSS 
software).
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Ferric Reducing Antioxidant Power (FRAP) assay

The total antioxidant capacity (TAC) of  the extracts was 
determined by FRAP method [28], a simple, speedy and repeatable 
method, which can be used to the assay of  antioxidants in plasma 
or botanicals [29, 30]. The FRAP assay based on the ability of  
antioxidant compounds to reduce complex (Fe (III)–TPTZ) 
to (Fe(II)–TPTZ) which gives a blue color with an absorbance 
maximum at 593 nm. The FRAP reagent composed of  10mM 
TPTZ solution in 40mM HCl, 20 mM FeCl3 solution and 300 
mM acetate buffer (pH= 3.6) in a ratio of  1:1:10 (v/v). Then, 50 
µl of  extracts (100 µg/ml) were added to 3 ml of  freshly prepared 
FRAP reagent and reaction mixtures incubated at 37°C for 30 
min. Aqueous solutions of  ferrous sulfate (0.1-2 mM) were used 
to construct standard curve. Absorbance was determined at 593 
nm. Triplicate measurements were taken and the FRAP values 
were expressed as mmol of  Fe (II)/g dry weight of  extract.

Iron chelating activity

The Fe chelating activity was determined by measuring the 
formation of  the Fe2+-ferrozine complex according to the method 
of  Carter [31] with some modifications. Ten milliliter of  various 
concentrations of  extracts were mixed with 12.5 ml sodium 
acetate buffer (100 mM, PH 4.9) and 1.5 ml FeCl2 (0.01  %, w/v). 
After incubation for 1h at room temperature, Ferrozine (20µl, 
40mM) was added. Binding of  Fe (II) ions to ferrozine generates 
a colored complex that was measured at 562 nm. After 5 min 
incubation at room temperature, the absorbance at 562 nm was 
recorded. Distilled water and EDTA were used as control and as 
a standard metal chelator of  the assay, respectively. Iron chelating 
activity was calculated using the equation 2:

Equation 2: % chelating Activity= [AbsControl-AbsSample]/ 
AbsControl×100
Abs Sample= Abs1 – Abs2
Abs Conrol= Absorbance of  Control (Fe2+-Ferrozine Complex)
Abs1= Absorbance of  extract and Fe2+ with ferrozine solution
Abs2= Absorbance of  extract and Fe2+ without ferrozine solution.

The concentration of  sample required to chelate 50% of  Fe2+ ions 
(IC50) was calculated by Probit analysis program (SPSS software).

Cell culture and cytotoxicity assay

A549 (human lung epithelial adenocarcinoma), HT-29  (human 
colorectal adenocarcinoma), and MCF-7 (human breast 
adenocarcinoma) cell lines were obtained from the National 
Cell Bank of  Iran, Pasteur Institute of  Iran (Tehran, Iran). The 
cells were maintained in DMEM medium supplemented with 
FBS (10%, v/v) and antibiotics [penicillin (100 units/mL) and 
streptomycin (100 μg/mL)] at 37°C in a CO2 incubator (5% CO2 
and 95% relative humidity). In order to evaluate the cytotoxic 
effect of  extracts, deferiprone (positive Fe chelator control), the 
cell lines were harvested in the exponential phase of  growth, 
seeded separately into 96-well tissue culture plates (104 per well) 
and allowed to adhere for 24 h. Thereafter, extracts were added to 
the desired wells to reach different concentrations. After 24 h of  
incubation, 20 μL of  DMEM medium containing MTT (5 mg/
ml) was added to each well and incubated for 3 h. Consequently, 
the medium was replaced with 100 μl of  DMSO, and optical 
densities were determined at 595 nm. The MTT assay measures 

the reduction of  a tetrazolium component into an insoluble 
formazan product by the mitochondria of  viable cells. The 
color intensity generated is directly proportional to the number 
of  viable cells. All experiments were performed in triplicates, 
standard deviations were calculated.

Statistical methods

Results were expressed as mean ± standard deviation (SD) for at 
least triplicate analyses on the same sample. The probit analysis 
was used to calculate the IC50s. The potency of  compounds in 
tests showed as IC50 (95% confidence interval). The Excel 
Pearson function was used to calculate the Pearson correlation 
coefficient for two sets of  values.

Results

Preliminary Phytochemical tests

The phytochemical screening of  the extracts is shown in Table 
1. Flavonoids and tannins found in both extracts. Amount of  
alkaloids was negligible in kernel extracts. None of  the extracts 
contains saponins.

Total phenolic contents (TPC)

The TPC of  the methanolic extracts, expressed as mg gallic acid 
equivalent (GAE)/gr extract is shown in Table 2.

DPPH radical-scavenging antioxidant assay

The IC50 values obtained by the DPPH assay for various extracts 
are demonstrated in Table 3. The studied extracts displayed 
antioxidant activity in a concentration-dependent method (Figure 
1). Pistachio hull and kernel extracts reached a maximal inhibition 
activity of  % 94 and % 91 at 80 µg/ml respectively. IC50 values 
of  DPPH radical inhibition by pistachio hull and kernel extracts 
represent % 48 and % 12 of  the inhibition activity of  BHT (IC50= 
4.9 µg/ml), respectively. 

Total antioxidant capacity (TAC) 

The antioxidant capacity obtained by the FRAP assay for pistachio 
hull and kernel extracts are shown in Table 3. The extracts have an 
antioxidant activity in order of  pistachio hull > pistachio kernel.

Iron chelating activity

The assay used to determine the chelating activity of  Fe2+ was 
based on the chelation of  this metal ion with ferrozine to yield 
a red colored complex. The potential of  Fe2+-chelating was 
measured by assessing ability of  the extracts to compete with 
ferrozine for the ferrous ions and further ferrous complexes 
formation, thereby resulting in a decrease in the absorbance 
at 562 nm. Pistachio hull and kernel extracts and EDTA, as a 
positive control, and deferiprone (synthetic Fe chelator) could 
chelate Fe2+ ion in a concentration dependent manner (Figure 2). 
The maximum value of  chelating activity of  pistachio hull and 
kernel extracts were achieved at 2 mg/ml with % 91.1 and % 
80.21 Fe2+ chelating activity, respectively. The IC50 value of  Fe2+ 
chelating ability of  studied extracts was determined by measuring 
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Table 1. Preliminary Phytochemical tests.

Extract Alkaloids Tannins Saponins Flavonoids
Pistachio hull + +++ - +++

Pistachio kernel - +++ - +++

Table 2. Total Phenolic Content (TPC) in extracts.

Sample TPC(mg GAE/gr extract)1, 2

Pistachio hull 235.66 ± 0.08
Pistachio kernel 193.66 ± 0.06

1: Values expressed are means ± SD
2: Total phenolic content (TPC) expressed as gallic acid equivalent (mg GAE /g extract)

Table 3. Total Antioxidant Capacity (TAC), DPPH Inhibition Activity of  extracts.

Extracts
Total Antioxidant Capacity

(mmol Fe2+/g extract)1, 3
% DPPH Radical Inhibition

IC50 (95% CI 2)µg/ml
Pistachio hull 5.32 ± 0.02 10.2 (8.3-11.7)

Pistachio kernel 3.18 ± 0.06 41.0 (38.2-45.9)
BHT …… 4.9 (2.3-7.2)

1:  Total Antioxidant Capacity expressed as mmol Fe2+ equivalent antioxidant capacity
2: CI: Confidence Interval

3: values expressed are means ± SD

Figure 1. DPPH radical-scavenging activities of  pistachio hull and kernel extracts at different concentration. Data are mean 
± SD of  two independent extracts.
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the iron-ferrozine complex and results compared to synthetic 
chelator (deferiprone) are summarized in Table 4.

Cytotoxicity assay

The cytotoxicity of  deferiprone, crude extracts on different cell 
lines are shown in Table 5. The IC50 values, the concentration 
of  material required to achieve 50% reduction in cell viability in 
comparison to untreated controls, show that pistachio hull extract 
has more potent effect than pistachio kernel extract in all three 
cell lines. Meanwhile, the MCF-7 breast cancer cell line showed 
the highest sensitivity to the tested materials. Although similar for 
the doxorubicin, the cytotoxicity of  extracts and deferiprone was 
considerably different between the cell lines.

Discussion

Although iron is crucial for life, an excess of  iron is toxic. 
Induction of  oxidative stress through raising in ROS production 
is considered as the main mechanism for toxicity of  ion metals 
including iron [32, 33]. Removal of  iron which there is no 
physiologic mechanism for its elimination from the body is the 
first priority in some instances such as iron poisoning and iron 
overload. Because of  cancer cells rapidly proliferate, these cells 
have higher requirement for iron than normal cells [10, 34]. The 
increased requirement of  cancer cells to iron has led to sensitivity 
of  these cells to cytotoxic effects of  Fe chelators [1, 10, 35]. 
Considering the vital role of  iron in cellular proliferation and its 
potential to mediate deleterious oxidative damage when in excess, 
Fe-chelating agents provide a promising form of  treatment for 
both iron overload disease and cancer therapy. Even though 
several Fe-chelators such as desferrioxamine (DFO), deferiprone 
and deferasirox has been introduced for using in clinic [16], the 
obstacles such as poor oral bioavailability, worsening liver fibrosis, 
hematological abnormalities, short plasma half-life and severe 

side effects restricted the use of  synthetic chelators [36, 37]. Due 
to the problems with the current synthetic drugs, finding natural 
products with iron-chelating activity could be a good approach 
for treating cancer. 

Relying on some evidence, the methanolic extracts of  pistachio 
hull and kernel were selected for evaluating their iron chelatorty 
activity and cytotoxicity effect. There are reports about the iron-
chelating activity of  the plants of  genius pistachio including P. 
vera [23] and P. lentiscus [24] gum extract.

The potency of  Fe-chelatory of  the extracts of  hull and kernel of  
Pistachio is shown in table 4. In this study we reported for the first 
time the strong Fe-chelating activity of  pistachio hull (IC50= 0.46, 
95% CI= 0.41-0.53 mg/ml) and kernel (IC50 = 0.87, 95% CI= 0.80-
0.98 mg/ml). Phytochemistry of  the extracts showed presence 
of  tannins and flavonoids in large amounts. It has been proved 
that Pistachio nuts are a rich source of  phenolic compounds and 
have been considered because of  high antioxidant potential [21]. 
There are reports about Fe chelating activity of  tannins [19, 20, 
38]. Taking together, the Fe chelating activity of  pistachio hull and 
kernel can be mainly attributed to the higher content of  tannins 
and polyphenols in the extracts.

The cytotoxicity potency of  the extracts was rated as follows: 
MCF7 (IC50 hull=31.2 µg/ml and IC50 kernel=43.4 µg/ml)> 
A549 (IC50 hull=51.5 µg/ml and IC50 kernel=67.2 µg/ml)> HT29 
(IC50 hull=242.1 µg/ml and IC50 kernel=347.5 µg/ml). The iron-
chelating capacity of  extracts followed the same order as did their 
cytotoxicity effects (Table 5). There are few reports about the 
anti-cancer activity of  the different parts of  pistachio [39], there 
was no studies have been reported the role of  iron chelatory on 
the anti-cancer effect on pistachio.

One of  the interesting aspects of  our findings that should be 

Table 4. Fe(II) chelating potency.

Sample
% Fe (II) Chelating activity

IC50 mg/ml (95% CI)*
Pistachio hull 0.46 (0.41-0.53)

Pistachio kernel 0.87 (0.80-0.98)
Deferiprone (Fe chelator) 0.023 (0.021-0.025)

*: CI: Confidence Interval

Table 5. IC50 values (µg/ml) of  viability of  A549 lung carcinoma, MCF-7 breast carcinoma and HT29 colon cancer cells 
after a 24-hour, 37°C incubation with deferiprone and Pistachio hull and kernel extracts.

Cell line
Samples

Pistachio hull Pistachio kernel Deferiprone
(synthetic Fe chelator)

Doxorubicin 
(positive control, cytotoxic)

A549 
IC50 µg/ml 51.5 (44.5-59.7) 67.2 (57.2-81.3) 62.5 (53.1-68.2) 1.4 (0.9-2.4)

HT29
IC50 µg/ml 242.1(195.1-293.7) 342.1 (301.7-361.3) 123.1 (98.2-131.0) 1.3 (0.9-2)

MCF-7
IC50 µg/ml 31.2 (25.2-45.1) 43.4 (22.2-61.3) 16.9 (14.5-19.0) 1.3 (0.7-2.1)

The results are presented as IC50 (95% Confidence Interval).
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emphasized is that the pistachio hull and kernel extracts like 
deferiprone showed selective cytotoxicity, whilst doxorubicin, 
a common cytotoxic drug, had nonselective cytotoxicity for 
the studied cell lines. Therefore, one can conclude that iron 
chelatory plays a crucial role in the anti-cancer effect of  pistachio. 
Association between iron and breast cancer have been widely 
reported. It is believed that iron can cause breast cancer not only 
by it’s the classical role as a critical element for cell proliferation 
and co-carcinogenic behavior, but it may also synergistically 
increase the proliferative effect of  estrogen on ER+ breast cancer 
cells [40]. Estrogen and iron activate oxidative stress pathways, via 
ROS production, induce and maintain the oncogenic phenotype 
of  cancer [40, 41].

The cytotoxicity of  the Pistachio hull extract was higher than 
synthetic chelator (deferiprone) in A549 lung cancer cell lines 
(Table 5). Although identifying individual active ingredients in 
extracts would be ideal, it is interesting to note that many studies 
have observed the extract to be more beneficial compared to the 
individual or purified ingredient. This suggests the existence of  a 
chemical synergy when using an extract [42]. 

The extracts of  different part of  pistachio (hull and kernel) 
also showed antioxidant activity with the greater activity of  the 
pistachio hull extract. The antioxidant activities of  different 
parts of  pistachio such as kernel, gum, hull and leaves have been 
reported by other authors [21, 23, 43]. Phenolic compounds 
are a class of  antioxidant compounds which act as free radical 
scavenging [44]. Pistachio is a rich source of  phenolic compounds 
including catechins, gallic acid, quercetin and genistein [43] which 
their antioxidant activity is established [45, 46]. There was a 
correlation between the antioxidant properties (DPPH, FRAP) 
and total phenolic contents of  the studied extracts (TPC hull (235.66 
± 0.08mg GAE/gr extract) > TPC kernel (193.66 ± 0.06mg 
GAE/gr extract)). Antioxidants protect biological systems from 
oxidative damage produced by reactive oxygen species (ROS) 
and are therefore considered as health-promoting compounds in 
nutrition. There is a mutual relation between Fe chelatory and 
antioxidant properties of  the compounds and antioxidant activity 
of  natural antioxidants is partly associated with iron chelation. 
Chelation of  iron and quenching of  singlet oxygen are the major 
characteristics of  antioxidant activity [47].

Conclusion

Our results show that Pistachio hull and kernel are containing 
cytotoxic compounds for A549 lung carcinoma, MCF-7 breast 
carcinoma and HT29 colon cancer cells. We suggest that anti-
cancer effect can be attributed to the presence of  Fe chelatory 
compounds in the extract such as polyphenols. We conclude that 
pistachio may be a great natural source for iron chelating, anti-
cancer and antioxidant agents in some applications including food 
and medicinal. Further in vivo studies and also fractionation of  
the extracts to find the effective pharmacologic constituents are 
recommended.	
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