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Introduction: Pistaciavera (pistachio) seeds are well-known medicinal
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herbs with several important pharmacological properties, including
antioxidant and anti-inflammatory effects. The effects of pistachio oil (PO)
have not yet been studied on the cognition performance. The current study
was designed to investigate the nootropic effects of PO on male Wistar rats.
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Materials and Methods: A total of 21 male Wistar rats were randomly
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divided into three experimental groups. Group1 was kept under normal
conditions. Groups 2 and 3 were orally treated with PO, 1 and 4 mL/kg,
respectively, for 21 days. Next, cognition was evaluated using the Morris
water maze (MWM) and the Y-maze continuous alternation task (Y-CAT).

Results: The results showed that PO improved the working memory in
Y-CAT, but it failed to exert positive effects on the spatial learning and
memory in MWM.

Conclusion: The findings of the current study suggest that PO enhances the
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working memory and remedies memory impairments and cognitive deficits.
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1. Introduction

2. Materials and Methods

Learning and memory are the most
important functions of the human brain. Due
to the increase in human lifespan and
neurodegenerative diseases, memory and
cognitive impairments, e.g. dementia, turn into
major public health problems [1]. A large
body of evidence has demonstrated that
working memory abilities decline across the
lifespan, especially after the age of 70 [2].
Such a decline in the mentioned abilities
reduces the quality of life and increases the
disability rate in the elderly. Every natural and
synthetic material that enhances brain
functions suggests some clinical indications
[3].
Besides, several reports have demonstrated
that some medicinal plants, such as
Erythrinafalcata, Ginkgo biloba, and ginger
have memory-enhancing properties [4, 5].
Pistaciavera (P. vera), a member of the
Anacardiaceae family, is a plant distributed
widely in Iran. P. vera has a long history of
local usage [6]. It sseeds (pistachios) are nuts
rich in alkaloids and flavonoids, such as
α-tocopherol, β-carotene, and lutein [7].
Past reports have demonstrated that P. vera
possesses
numerous
pharmacological
properties,
including
antioxidant
[8],
anti-nociceptive, and anti-inflammatory effects
[9, 10].
Considering the literature review, the
nootropic and memory-enhancing effects of
P. vera have not yet been studied. The current
study has been conducted aimed at
investigating the effects of pistachio oil (PO)
on the cognitive function. The Morris water
maze (MWM) and the Y-maze continuous
alternation task (Y-CAT) were performed to
determine the effects of PO on learning and
memory in normal rats.

2.1. Plant’s material collection and oil
extraction
In this study, pistachios from Akbari
species obtained from the Rafsanjan region of
Iran (with the genetic code of M30) were used.
A pressure system (the cold extraction
method) was used to extract oil [11].
2.2. Animals
Twenty one adult male Wistar rats
(200-250 g) were obtained from the animal
house of Rafsanjan University of Medical
Sciences. The rats were housed under
controlled temperature and light conditions
(at 20–23◦C under a 12 h light/dark cycle)
with standard rat chow diet and drinking
water. The experiment was conducted in
compliance with the recommendations of the
Animal Care Committee of Rafsanjan
University of Medical Sciences.
2.3. Experimental design
The rats were acclimatized for one week
and then randomly assigned to three groups
(normal, PO1, and PO4), with 7 animals
existing in each group. The normal group
served as healthy animals with no intervention
applied to it. Group PO1 received PO
(1 ml/kg) for 21 days, and group PO4 received
PO (4 ml/kg) for 21 days [12].
After 24 hours from the last administration
of PO, the rats were subjected to behavioral
tests, with all experiments done at the same
time of the day. The tests were done in the
order of Y-maze (on the 22nd day of the
experiment) and MWM (23rd-27th days of the
experiment), respectively.
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2.4. Y-CAT

The animals underwent 4 trials per day for
4 consecutive days (23rd-27th days of the
experiment). In brief, the rats were put into the
water at 4 points of different quadrants, and
the escape latency was measured. The cut-off
time for each test was 120 seconds. If the rats
did not find the escape platform within

Y-CAT was used to evaluate the working
memory performance. Y-maze had three arms
(40×4.5×12 cm, 120°). The floor and walls of
the maze were made of opaque polyethylene
plastic. The animals were initially put in an
arm, and the time for each mouse entering the
arms within 8 minutes was manually recorded.
Consecutive entries into a new arm before
returning into the two already visited arms
were defined as the successful alternation.
At the end of each test, the chamber was
completely cleaned with ethanol (50%) to
eliminate odor and stains. A higher percentage
of alternations was used in the test [(number of
alternations/total number of arm entries−2)×
100] as the index of the enhanced performance
[13].

120 seconds, they would be directed to it by
the examiner and stayed there for 15 seconds.
Besides, 24 hours after the last trial, the probe
test was done. In the probe test, the escape
platform was removed, and the animals were
put into the water at the selected points of the
pool quadrants. The frequency of crossing
through the escape platform, the time spent in
the target quadrant, and the swimming speed
of the animals in different experimental groups
were recorded [14].

2.5. MWM

2.6. Statistical analysis

MWM has been utilized as the indicator of
spatial learning and memory in rodents.
It consists of a black circulation pool (120cm
diameter and 40cm height) and a black
platform (10cm diameter). To monitor the
activities of the animals in the maze, a digital
camera was used. Next, the data obtained were
analyzed using the Ethovision software

The statistical analysis was performed using
the GraphPad Prism program (version 6.01,
GraphPad Software, USA). The results were
expressed as mean± SEM, and the differences
among the groups were tested by KruskalWallis followed by the Mann–Whitney U test.
The differences among the groups would be
considered statistically significant if p was less
than 0.05.

(version 7.1, Noldus Information Technology,
Ethovision, Wageningen, the Netherlands).
The MWM pool was divided into four equal
quadrants, with different shapes of papers
pasted on the room walls serving as the marker
for the animals to find the hidden platform.
The hidden platform was placed at the center
of the target quadrant, 2 cm below the water.

3. Results
3.1. The effects of PO on working memory
The working memory was evaluated using the
Y-CAT test (Fig. 1). The results demonstrated
that the PO administration at the dose of
4 ml/kg increased the mean percentage of the
alternations in the animals (p<0.05).
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Fig. 1: The effect of PO treatment on working memory in different experimental groups. Each block represents

the mean percent of alternations of different experimental groups in Y-maze continuous alternation task.
Data are presented as mean± SEM; n= 7. *p<0.05 vs. normal group

3.2. The effects of PO on spatial learning
and memory

days of training). In addition, the results
showed that PO administrations (1 ml/kg and
4 ml/kg) did not influence escape latency, as
against the normal group, on the same day.
As demonstrated in fig. 4, during the memory
retrieval phase, the animals in all experimental
groups showed no significant difference in
the number of times crossing the platform and
the percentage of the time spent in the target
quadrant.

Spatial learning and memory were
evaluated using the MWM test (Fig. 2-4). The
results demonstrated that the swimming times
were similar among all experimental groups
(Fig. 2).

Fig. 2: The effect of PO treatment on locomotor

function

in

different

experimental

groups.

Each block represents the average of swimming
speed of different experimental groups in day 5 of
morris water maze test. Data are presented as
mean± SEM; n= 7

Fig. 3: The effect of PO treatment on spatial
learning function in different experimental groups.
Each block represents the average of escape latency
in the morris water maze test for 5 consecutive trial
days. Each value is the mean± SEM. n= 7.
*p<0.05 and **p<0.01 vs. day 1 of normal group;
#p<0.05 vs. day 1 of PO 1 group; & p<0.05 vs. day
1 of PO 4 group.

As shown in fig. 3, during the learning
phase, the rats in different experimental groups
learned how to find the escape platform
(escape latency decreased after the subsequent
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Fig. 4: The effect of PO treatment on spatial memory function. The number of crossing the platform place
(A) and the percentage of time spent in the target quadrant (B) in the probe task in the morris water maze
test. Data are presented as mean± SEM; n= 7

4. Discussion
presence of anthocyanins, flavonoids,
phytosterols, and luteolin in them [8].
In addition, pistachios are rich in campesterol,
stigmasterol, and β-sitosterol, implying that
pistachios have potent antioxidant effects [24].
In addition, clinical studies have demonstrated
that the consumption of pistachios increases
the blood levels of lutein, β-Carotene, and
vitamin E [25]. Hence, the nootropic property
of PO, at least partially, may be related to its
antioxidant nature.
Studies have shown that herbs and their
active ingredients demonstrate promising
nootropicroperties.
Many researchers have recently focused on
developing memory-improving agents of
medicinal plants under normal conditions. It
has been demonstrated that Erythrinafalcata
enhances memory acquisition and the
spontaneous recovery of fear [5]. Sahak et al.,
in another study, demonstrated that Nigella
sativa improved learning and memory in
healthy animals and humans [26]. In the same
vein, Sirichoat et al. demonstrated that asiatic

The major finding of the current study is
that PO administration improved the working
memory in Y-CAT but failed to lead to any
significant effect on the spatial cognition
(learning and memory retrieval) in the MWM
test.
Pistachios have various active constituents,
including α-pinene, β-pinene, phytosterol,
flavonoids, and α-Tocopherol [15-18].
These active constituents are responsible
for various pharmacological properties of
pistachios,
such
as
neuroprotective,
hepatoprotective,
nephroprotective,
and
cardioprotective effects [19-22]. In a study, it
was demonstrated that Pistacialentiscus oil
(one of the species of Pistacia) improved
memory dysfunction. Ammari et al., showed
that Pistacialentiscus oil reduced LPS-induced
memory impairments in rats. They found out
that Pistacialentiscus oil improved the
activities of superoxide dismutase (SOD) and
catalase (CAT) in the brain tissue [23]. It is
well established that pistachios have
significant antioxidant properties due to the
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acid, an active ingredient of Centellaasiatica,
improved the spatial working memory in rats,
by proliferating hippocampus cells [27].
Furthermore, Zingiberofficinale had been
shown to enhance the cognitive function of
mice in the novel object recognition test, by
activating the signaling pathways of the nerve

candidate for the improvement of cognitions in
normal people. However, more studies are
required to reveal the possible underlying
mechanisms.

Conflict of interest
The authors declare no conflict of interest.

growth factor [4].

Acknowledgements

5. Conclusions

This study was funded by the Research
Department of Rafsanjan University of
Medical Sciences, Rafsanjan, Iran (Grant
Number 97222).

In conclusion, the current study results
showed that PO administration exerted
nootropic effects on the working memory but
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Therefore, pistachios could be a potential drug

References
Hepatocytes. Iranian journal of pharmaceutical
research: IJPR. 2014;13(4):1263.

1. Araujo JR, Martel F, Borges N, Araujo JM,
Keating E. Folates and aging: Role in mild
cognitive impairment, dementia and depression.
Ageing research reviews. 2015;22:9-19.

7. Tokuşoǧlu Ö, Ünal MK, Yemiş F. Determination
of the phytoalexin resveratrol (3, 5, 4 ‘trihydroxystilbene) in peanuts and pistachios by
high-performance liquid chromatographic diode
array (HPLC-DAD) and gas chromatography−
mass spectrometry (GC-MS). Journal of
Agricultural
and
Food
Chemistry.
2005;53(12):5003-9.

2. GrÉGoire J, Van Der Linden M. Effect of age on
forward and backward digit spans. Aging,
neuropsychology, and cognition. 1997;4(2):140-9.
3. Gaowa S, Bao N, Da M, Qiburi Q, Ganbold T,
Chen L, Altangerel A, Temuqile T, Baigude H.
Traditional Mongolian medicine Eerdun Wurile
improves stroke recovery through regulation of
gene expression in rat brain. J Ethnopharmacol.
2018;222:249-60.

8. Tomaino A, Martorana M, Arcoraci T, Monteleone
D, Giovinazzo C, Saija A. Antioxidant activity
and phenolic profile of pistachio (Pistacia vera L.,
variety Bronte) seeds and skins. Biochimie.
2010;92(9):1115-22.

4. Lim S, Moon M, Oh H, Kim HG, Kim SY, Oh
MS. Ginger improves cognitive function via NGFinduced
ERK/CREB
activation
in
the
hippocampus of the mouse. The Journal of
nutritional biochemistry. 2014;25(10):1058-65.

9. Ahmad NS, Waheed A, Farman M, Qayyum A.
Analgesic and anti-inflammatory effects of
Pistacia integerrima extracts in mice. Journal of
ethnopharmacology. 2010;129(2):250-3.

5. de Oliveira DR, Zamberlam CR, Gaiardo RB,
Rego GM, Cerutti JM, Cavalheiro AJ, Cerutti SM.
Flavones from Erythrina falcata are modulators of
fear memory. BMC complementary and
alternative medicine. 2014;14:288.

10. Gentile C, Perrone A, Attanzio A, Tesoriere L,
Livrea M. Sicilian pistachio (Pistacia vera L.) nut
inhibits expression and release of inflammatory
mediators and reverts the increase of paracellular
permeability
in
IL-1β-exposed
human
intestinalepithelial cells. European journal of
nutrition. 2015;54(5):811-21.

6. Shahraki J, Zareh M, Kamalinejad M, Pourahmad
J. Cytoprotective Effects of Hydrophilic and
Lipophilic Extracts of Pistacia vera against
Oxidative Versus Carbonyl Stress in Rat

Pistachio and Health Journal/ Vol. 1, No. 3, Summer 2018, 1-7

6

Pak-Hashemi et al/ A Study of the Effects of Pistaciavera (Pistachio)
P. terebinthus, P. khinjuk, and P. lentiscus): a
review of their traditional uses, phytochemistry,
and pharmacology.The Scientific World Journal.
2013;2013.

11. Catalán L, Alvarez‐Ortí M, Pardo‐Giménez A,
Gomez R, Rabadan A, Pardo JE. Pistachio oil: A
review on its chemical composition, extraction
systems, and uses. European Journal of Lipid
Science and Technology. 2017;119(5).
12. Shariati M, Sepehrara L. Effect of Pistacia Vera
Oil on Pituitary Gonad Axis and Histological
Testis Changes in Adult Male Rats. Armaghane
Danesh Bimonthly Journal. 2013;18(8):641-9.

20. Azadpour M, Rezaei M, Taati M, Dehnoo MG,
Ezatpour B. Antioxidant, antibacterial, and
wound-healing properties of methanolic extract of
Pistacia khinjuk. Comparative Clinical Pathology.
2015;24(2):379-85.

13. Mozafari N, Moghadam-Ahmadi A, Shamsizadeh
A, Fatemi I, Allahtavakoli M, Kaeidi A. The effect
of ampakine Farampator (CX691) on working
memory in a rat model of Alzheimer's disease
induced by Amyloid beta 1-42. Iranian Journal of
Physiology and Pharmacology. 2016;2(2):113-20.

21. Fatehi F, Fatemi I, Shamsizadeh A, Hakimizadeh
E, Bazmandegan G, Khajehasani F, Rahmani M.
The effect of hydroalcoholic extract of Pistacia
vera on pentylenetetrazole-induced kindling in rat.
Research Journal of Pharmacognosy (RJP).
2017;4(2):45-51.

14. Mozafari N, Shamsizadeh A, Fatemi I,
Allahtavakoli M, Moghadam-Ahmadi A, Kaviani
E, Kaeidi A. CX691 as an AMPA receptor
positive modulator, improves the learning and
memory in a rat model of Alzheimer’s disease.
Iranian Journal of Basic Medical Sciences.
2018;21(7):724-30.

22. Ehsani V, Amirteimoury M, Taghipour Z,
Shamsizadeh A, Bazmandegan G, Rahnama A,
Khajehasani F, Fatemi I. Protective effect of
hydroalcoholic extract of Pistacia vera against
gentamicin-induced nephrotoxicity in rats. Renal
Failure. 2017;39(1):519-25.
23. Ammari M, Othman H, Hajri A, Sakly M,
Abdelmelek H. Pistacia lentiscus oil attenuates
memory dysfunction and decreases levels of
biomarkers of oxidative stress induced by
lipopolysaccharide in rats. Brain research bulletin.
2018;140:140-7.

15. Orhan I, Küpeli E, Aslan M, Kartal M, Yesilada
E.
Bioassay-guided
evaluation
of
antiinflammatory and antinociceptive activities of
pistachio, Pistacia vera L. Journal of
ethnopharmacology. 2006;105(1):235-40.
16. Haghdoost F, Baradaran Mahdavi MM, Zandifar
A, Sanei MH, Zolfaghari B, Javanmard SH.
Pistacia atlantica Resin Has a Dose-Dependent
Effect on Angiogenesis and Skin Burn Wound
Healing in Rat. Evidence-based complementary
and
alternative
medicine
:
eCAM.
2013;2013:893425.

24. Ros E. Health benefits of nut consumption.
Nutrients. 2010;2(7):652-82.

17. Yousfi M, Nedjmi B, Bellal R, Ben Bertal D,
Palla G. Fatty acids and sterols of Pistacia
atlantica fruit oil. Journal of the American Oil
Chemists' Society. 2002;79(10):1049-50.

26. Sahak MK, Kabir N, Abbas G, Draman S,
Hashim NH, Hasan Adli DS. The Role of Nigella
sativa and Its Active Constituents in Learning and
Memory. Evidence-based complementary and
alternative medicine: eCAM. 2016;2016:6075679.

25. Kay CD, Gebauer SK, West SG, Kris-Etherton
PM. Pistachios increase serum antioxidants and
lower
serum
oxidized-LDL
in
hypercholesterolemic adults. The Journal of
nutrition. 2010;140(6):1093-8.

18. Gardeli C, Vassiliki P, Athanasios M, Kibouris T,
Komaitis M. Essential oil composition of Pistacia
lentiscus L. and Myrtus communis L.: Evaluation
of antioxidant capacity of methanolic extracts.
Food chemistry. 2008;107(3):1120-30.

27. Sirichoat A, Chaijaroonkhanarak W, Prachaney
P, Pannangrong W, Leksomboon R, Chaichun A,
Wigmore P, Welbat JU. Effects of Asiatic Acid on
Spatial Working Memory and Cell Proliferation in
the Adult Rat Hippocampus. Nutrients.
2015;7(10):8413-23

19. Bozorgi M, Memariani Z, Mobli M, Salehi
Surmaghi MH, Shams-Ardekani MR, Rahimi R.
Five Pistacia species (P. vera, P. atlantica,

Pistachio and Health Journal/ Vol. 1, No. 3, Summer 2018, 1-7

7

