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Pistachio supplementation attenuates motor and cognition
impairments induced by cisplatin or vincristine in rats
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Abstract

Background: A large number of natural products and dietary components have been evaluated as potential
chemoprotective agents. In the present investigation we report the effects of treatment with the dietary
antioxidant, pistachio, on cisplatin- or vincristine-induced neurotoxicity in male Wistar rats.

Materials and Methods: Dietary pistachio (10%) was assessed for its neuroprotective effects through the
alteration in performance of hippocampus- and cerebellum-related behaviors following chronic cisplatin
(5 mg/kg) or vincristine (0.2 mg/kg) treatment in male rats. We also evaluated the effects of cisplatin,
vincristine, and pistachio administration on nociception. Six behavioral tasks were used: open field, rotarod,
grasping, Morris water maze (MWM), hot plate, and motor nerve conductive velocity (MNCV).

Results: We showed that the exposure of adolescent rats to cisplatin or vincristine resulted in a significant
decrease in explorative behaviors and memory retention. Pistachio consumption somewhat improved
memory and motor abilities in cisplatin- or vincristine-treated rats, while pistachio alone did not show any
significant changes in these abilities compared to saline. Cisplatin and vincristine increased the latency of
response to nociception, and pistachio did not reverse this effect.

Conclusion: We conclude that pistachio in the diet following anticancer drugs such as cisplatin and vincristine
might have a protective effect against anticancer drug-induced disruptions in motor and cognitive function.
However, further studies are needed to elucidate the exact mechanisms of this protective effect of pistachio.

Key Words: Anticancer, cisplatin, neurotoxicity, pistachio, vincristine

Address for correspondence:

Dr. Mohammad Shabani, Neuroscience Research Center, Neuropharamcology Institute, Kerman University of Medical Sciences, Kerman, Iran.
E-mail: shabani@kmu.ac.ir

Received: 12.08.2014, Accepted: 25.10.2014

INTRODUCTION systems.™ Cisplatin and vincristine are two effective
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color of several fruits and vegetables.'"! It has been
shown that anthocyanins possess some antioxidant,
antiinflammatory, and anticarcinogenic properties.
Moreover, among all the nuts pistachios are one of
the most diverse sources of antioxidants including
lutein, B-carotene, vitamin E (y-tocopherol and
a-tocopherol), and selenium.’®® In addition, pistachios
are a good source of flavonoids, and the protective
effects of flavonoids and tocopherol consumption on
cisplatin-induced neurotoxictiy (without changing its
antitumor activity) have been reported previously.n31"

It has been reported that the treatment of
patients who received cisplatin with vitamin E
could decrease the incidence and intensity of
peripheral neurotoxicity.'® Furthermore, lutein can
improve antioxidant capacity and inhibits DNA and
chromosome damage induced by cisplatin.*” Pistachio
possesses arginine which has been reported to
significantly increase the histopathological responses
in vincristine chemotherapy in patients with initial
breast tumors (less than 6 cm in diameter).”

In view of the above reported therapeutic value of
pistachio nuts, the present study was designed to
investigate the effects of this dietary antioxidant on
cisplatin- and vincristine-induced neurotoxicity in
male Wistar rats and also to evaluate the effects of
cisplatin, vincristine, and pistachio administration
on nociception.

MATERIALS AND METHODS

Animals

In the present study we investigated the protective
effects of treatment with pistachio on cisplatin- or
vincristine-induced neurotoxicity in male Wistar rats
on postnatal day 23. When we evaluated the weights
of the rats on the 23" day after birth, there were no
significant differences in weight (45 + 5.7) between
the saline and treatment groups (48 + 4.6) on the
15t day of the experimental procedure. All experimental
protocols and treatments were approved by the Ethical
Committee of the Kerman Neuroscience Research
Center (EC/KNRC/90/47). Animals were kept in
standard conditions: Constant temperature (23 + 1°C),
with a 12 h light-dark cycle (lights on at 07:00 h).

Experimental design

In the beginning of the experiment, animals were
weight-matched and randomly assigned into six
groups: Saline, pistachio, cisplatin, cisplatin plus
pistachio, vincristine, and vincristine plus pistachio.
Each group consisted of 10 animals (n = 10). Control
animals (group I) were subjected to intraperitoneal (i.p.)
injection of 0.2 ml normal saline for 5 weeks. Group II

received pistachio with no other medication for 5 weeks.
Cisplatin (5 mg/kg, i.p.) was administered for 5 weeks
in group III. Group IV (cisplatin plus pistachio) animals
were administered cisplatin plus 10% pistachio for
5 weeks. Group V received vincristine (0.2 mg/kg, i.p.)
for 5 weeks. The group VI rats were administered
vincristine plus 10% pistachio for 5 weeks. Rats in
groups I, III, and V were given the standard rodent
diet, while in groups II, IV, and VI, rats were fed
with pistachio (10%). Fresh pistachio suspension was
prepared daily. The body weight and food intake of
all the rats were monitored during the experiment.
Cerebellum- and hippocampus-related behavioral
dysfunctions in cisplatin- and vincristine-treated
rats were analyzed using cerebellum-dependent
behavioral, motor learning, and hippocampus
functional tasks. We also evaluated the effects of
cisplatin, vincristine, and pistachio administration
on nociception. Measurements were taken during
daylight (between 8:00 and 16:00 h). Six behavioral
tasks were used: Open field, rotarod, grasping,
Morris water maze (MWM), hot plate, and motor
nerve conductive velocity (MNCV). The first set of
behavioral tests was performed 24 h after the last
injection of anticancer drugs. Open field, rotarod, and
grasping tests were performed to screen the muscle
coordination activity and explorative behaviors of rats,
before subjecting them to water maze evaluation. Hot
plate test and MNCV were tested to screen nociceptive
activity. Rats showing abnormal swimming patterns in
the water maze, coupled with low muscle coordination
activity in the rotarod test, were excluded from data
analysis in MWM.

Wire grip (grasping) test

This test was performed according to the method
described by Wijk et al. to determine the muscle
strength and balance of the animals.?Y! Each rat was
suspended with both forepaws on a horizontal steel
wire of length 80 cm and diameter 7 mm. The animal
was held in a vertical position when its front paws were
placed in contact with the wire. When the rat grasped
the wire, it was released, and the latency to fall was
recorded with a stopwatch. Rats were randomly tested
and each animal was given three trials with a 30-min
intertrial rest interval./?223

Rotarod test

The motor performances of the rats were evaluated by
an accelerating rotating rod (Hugo Sachs Electronik,
Germany). The rotarod accelerated from a minimum
speed of 10 rpm to a maximum speed of 60 rpm. Rats
were given three trials using maximum time of 300
s with a 30 min intertrial rest interval. The length of
time each animal was able to maintain its balance
walking on top of the moving rod was recorded.?*2%
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Open field test

The horizontal and vertical movements of rats were
recorded for a period of 5 min and then analyzed
using Ethovision software (Noldus Information
Technology, the Netherlands), a video tracking
system for the automation of behavioral experiments.
The apparatus consisted of a square arena
(90 cm [1] x90 cm [w] x30 ¢m [h]) made of Plexiglas.
At the beginning of the session, each rat was
placed in the center of the arena and its activity
was recorded for 5 min. The following behavioral
parameters were scored: Total distance moved (TDM,
cm), speed (cm/s), total duration of mobility (s),
total duration of immobility (s), and number of
rearing (as a measure of vertical activity). At the end
of each session, the rats were removed from the open
field, and the experimental chamber was thoroughly
cleaned with a damp cloth and dried.?%

Morris water maze task

The testing procedure was basically the same as that
described by Frick et al.?” The experimental apparatus
consisted of a circular water tank 140 cm wide and
45 cm high surrounded by extra-maze cues. A platform
15 cm wide and 35 cm high was placed 1.5 cm above
or below the surface of the water. To assess for gross
physical, sensory, motor, or motivational impairments,
eight rats in anticancer treated groups and five rats in
saline group were first trained in a task with a visible
escape platform. The water temperature was 21-23°C.
Data collection was automated by a video image
motion analyzer (Ethovision, Noldus Information
Technology, the Netherlands). In a single training
protocol each rat completed three blocks (each block
consisted of four successive trials with four different
releasing points) separated by a 30-min resting period.
All of the experimental groups were tested during the
lights-on period between 8:00 and 12:00 h. For each
trial, rats were randomly released into the water from
one of the four quadrants with their face toward the
wall of the maze. During acquisition, the location of the
platform remained constant and rats were allowed to
swim for a duration of 60 s to find the hidden platform.
If the rat failed to find the platform within 60 s, it was
guided toward the platform. When an animal found
the platform, it was allowed to remain there for 20-30
s. After that, it was moved to an animal cage to rest
20-30 s before starting the next trial. The time and
distance needed to find the hidden platform were
noted and analyzed later. A single probe trial was
given 2 h after the last training trial to test the spatial
memory of animals in the water maze. In this trial
the platform was removed and the rat was allowed
to swim for 60 s. The time and distances spent in the
target quadrant were analyzed as a measure of spatial
memory retention.?%29
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Hot plate test

Using the hot plate test, pain sensitivity in the rats
was assayed by using an apparatus (LSI Letica,
LE710, Spain) that included a plate with a diameter
of 19 cm and a Plexiglas wall 30 cm high. The plate
temperature was adjusted to 52 + 2°C. Response time
to thermal pain was considered as the time between
test onset and licking of the front paw or jumping. The
cut-off time was set to 60 s.22

Motor nerve conductive velocity

Five weeks after cisplatin and vincristine exposure,
the animals were anesthetized with i.p. injection
of ketamine (50 mg/kg) and xylazine (20 mg/kg) to
prevent discomfort, and then their backs were shaved.
In a temperature-controlled environment (25 = 2°C),
small incisions were made in the right sciatic notch
and ankle. Sciatic-tibial motor MNCV was measured
by stimulating proximally at the sciatic notch and
distally at the knee via bipolar needle electrodes
(PowerLab/ML856; AD Instruments, Sydney, NSW,
Australia) with the following specs: Frequency 20 Hz,
duration 0.1 ms, amplitude 1.5 V, and sampling
20 k/s."8 After single stimulus the compound
muscle action potential was recorded from the first
interosseous muscle of the hind paw by unipolar
pin electrodes. The recording was a typical biphasic
response with an initial motor (M)-wave, which is a
direct motor response due to stimulation of motor
fibers. The MNCV was calculated as the ratio of the
distance (in mm) between both sites of stimulation
divided by the difference between proximal and distal
latencies measured in ms.?% Latency was measured
from initial onset to maximum negative peak.

Histological study

Under deep anesthesia, the animals were sacrificed,
and their brains removed and immersed in 10%
formaldehyde at 4°C overnight. The brains were
processed by standard method for light microscopy
study. Coronal sections 1.6-2.8 mm posterior to the
bregma were cut at a thickness of 5 um using a
microtome. Neuronal damage in the cerebellum and
hippocampus were assessed by Nissl staining with
cresyl fast violet.

Statistical analysis method

The results obtained are expressed as means = SEM.
Repeated measures analysis of variance (ANOVA)
was calculated for rotarod and for the learning phase
of the MWM. Individual comparisons were calculated
using Tukey’s comparison test where appropriate.
The grip test, motor activity, probe data, MNCV, and
reaction time were analyzed by one-way ANOVA. All
computations were made using the SPSS software
package version 16.0 (IBM, Armonk, NY, USA) and
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difference with P values less than 0.05 were considered
statistically significant.

RESULTS

Since no significant differences were found between
saline and pistachio groups, data are presented as
saline group.

Effects of pistachio, vincristine, and cisplatin on muscle
coordination and balancing

Cisplatin (P < 0.05) and vincristine (P < 0.01) induced
a significant reduction in the latency-to-fall parameter
of the grasping test compared to the saline group.
Animals in the cisplatin plus pistachio group showed
an increased latency to fall in grasping test compared
to the cisplatin group (P < 0.01) [Figure 1a]. Moreover,
in the vincristine plus pistachio group, animals showed
an increased latency to fall compared to the vincristine
group (P < 0.01) [Figure 1a].

Cisplatin (P < 0.001) and vincristine (P < 0.05)
induced a significant reduction in the time spent on
the accelerating rotarod, compared to saline. Cisplatin
plus pistachio group did show a decrease in time spent
on the rod compared to saline (P < 0.01), although a
lesser decrease in time was observed compared to
the cisplatin group indicating a better motor balance
compared to cisplatin-treated rats [Figure 1b]. The
vincristine plus pistachio group showed no significant
differences from the saline group: In fact, in this group,
pistachio reversed the effect of vincristine [Figure 1b].

Effects of pistachio, vincristine, and cisplatin on
anxiety-related behaviors

The open field test was given to examine locomotor
activity and anxiety-related behaviors. Our results

showed that cisplatin and vincristine did alter some
of the parameters evaluated in this test. In addition,
pistachio showed a moderating effect on changes
induced by cisplatin and vincristine. The rearing
number (cisplatin, P < 0.01; vincristine, P < 0.001) and
TDM were decreased in the cisplatin and vincristine
groups compared to saline (P < 0.01) [Figure 2a and b].
Cisplatin plus pistachio rats did also differ from
saline (P < 0.01) in the rearing number and in
TDM. The vincristine plus pistachio group showed
no significant differences compared to the saline
group in rearing number and TDM, however, these
parameters were increased compared to the vincristine
group (rearing; P < 0.001, TDM; P < 0.05). Cisplatin
and vincristine significantly reduced speed compared
to saline group (P < 0.01), but there was no significant
difference between saline, cisplatin plus pistachio-,
and vincristine plus pistachio-treated rats [Figure 2c].
Cisplatin plus pistachio and vincristine plus pistachio
treatment significantly increased velocity compared to
both cisplatin and vincristine alone (P < 0.05). There
was no significant difference in mobility, immobility,
and the time spent in center and periphery among the
five groups [Figure 2d-g].

Pistachio prevents memory alterations induced by
cisplatin and vincristine

All groups showed a significant reduction in swimming
distance in the second and third blocks of the
MWM task, showing memory acquisition (cisplatin,
vincristine [P < 0.001], vincristine plus pistachio, and
cisplatin plus pistachio [P < 0.05]). The cisplatin plus
pistachio and vincristine plus pistachio groups did not
show any significant difference in the distance swam
to reach the platform, compared to the saline group in
the second block of MWM, while a significant increase
was observed in the third block (P < 0.05). Moreover,
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Figure 1: Effects of cisplatin, vincristine, cisplatin plus pistachio (Cis plus Pist), and vincristine plus pistachio (Vin plus Pist) on muscle strength and
coordination in grasping test (a) and balance in Rotarod test (b). *P < 0.05, **P < 0.01 and ***P < 0.001 as compared to saline group. ++P < 0.01as
compared to cisplatin and xx P < 0.01 compared to vincristine group. Values are expressed as mean + SEM (n = 10)
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Figure 2: Cisplatin and vincristine significantly reduced rearing frequency (a), TDM (b), and velocity (c). Vincristine plus pistachio (Vin plus
Pist)-treated rats showed significant difference in rearing frequency, TDM, and velocity compared to vincristine-treated rats. Cisplatin plus pistachio
(Cis plus Pist) had significant difference with cisplatin rats in velocity. There was no significant difference in mobility (d), immobility (e), time spent
in perimeter (f), and time spent in the center (g) among three groups. **P < 0.01, ***P < 0.001 as compared to the saline group. +P < 0.05 as
compared to cisplatin group. xP < 0.05 and xxxP < 0.001 as compared to the vincristine group
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cisplatin (P < 0.01) and vincristine (P < 0.05) increased
the escape latency parameter compared to the saline
group. The vincristine plus pistachio group did not
differ from the saline group in time latency in MWM
[Figure 3a and b]. The vincristine plus pistachio
group did not differ from saline group in time latency
in MWM [Figure 3b]. The cisplatin plus pistachio
group (P < 0.05) showed increased time latency in
comparison with saline (P < 0.01) in the second
block [Figure 3b].

In the probe test, the percentage of path length
traveled in the correct quadrant was significantly
decreased in the cisplatin, vincristine, and cisplatin

plus pistachio rats compared to saline (P < 0.05), while
the vincristine plus pistachio group did not show any
differences from the saline group [Figure 3d]. Results
from the probe test measured as mean percentage time
spent in the correct quadrant showed that cisplatin,
cisplatin plus pistachio (P < 0.01), and vincristine
(P < 0.05), significantly decreased the percentage
of time spent in the correct quadrant compared to
saline (P < 0.01). The vincristine plus pistachio group
did not show any difference in percentage of time
spent in the correct quadrant compared to the saline
group [Figure 3e]. There was no difference in swim
speed and the number of crossings to the correct
quadrant [Figure 3c and f].
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Figure 3: Hidden platform training in the Morris water maze acquisition after 5 weeks treatment with saline, cisplatin, vincristine, cisplatin plus
pistachio, and vincristine plus pistachio. Distance traveled (a), time spent (b), and velocity (c) of the animals during training trial sessions. The
path length traveled (d), percentage of swimming time (e), and crossing numbers in the correct quadrant (f) of the animals in the probe ftrial.
*P < 0.05, **P < 0.01 and ***P < 0.001 as compared to the saline group. x P < 0.05 as compared to vincristine group

Advanced Biomedical Research | 2015



Golchin, et al.: Protective effect of Pistachio against neurotoxicity

Effect of pistachio consumption on response to thermal
pain and MNCV

An increased reaction time in the hot plate test was
observed in the cisplatin, vincristine (P < 0.001),
cisplatin plus pistachio, and vincristine plus pistachio
(P < 0.01) groups compared to saline. However, no
significant difference was observed between these
treatment groups [Figure 4a]. On the other hand, the
administration of anticancer drugs alone or along
with pistachio did not change the MNCV [Figure 4b].

Histological evaluation

Light microscopic study of cerebellum and hippocampi
[Figure 5] sections showed normal morphology in the
saline and pistachio groups (10x). The hippocampi of
rats that had been treated with cisplatin or vincristine
showed severe injury, and degenerative changes
including shrunken nuclei and dark cytoplasm
were observed in these cells [Figure 5]. Meanwhile,
degenerative changes in the cell population of the
hippocampi sections were still evident in cisplatin
plus pistachio or vincristine plus pistachio, but these
changes were blunted in these groups compared to
cisplatin or vincristine [Figure 5].

DISCUSSION

The findings of this research showed that exposure to
the anticancer compounds cisplatin and vincristine
could induce strong alterations in the motor and
exploratory activities of the rats. These compounds
could also cause impairments in the spatial learning
and memory of the animals.

Anticancer drugs are potent neurotoxins that could
produce widespread lesions within the cortex,
thalamus, hippocampal dentate gyrus, and caudate
nucleus in a dose-dependent manner.®! It has been

shown that vincristine could destroy the dentate
granule cells, and damage other neurons, including
hippocampal pyramidal cells.?? On the other hand,
the negative effects of cisplatin on cerebellar cortex
neurons, especially the Purkinje cells, which are
well established as being essential to movement
control.[33-3]

Our obtained results showed that pistachios could
moderate these chemotherapeutics-induced changes
in the central nervous system (CNS). Pistachios
improved the motor function in cisplatin- and
vincristine-treated rats. Muscle weakness in
cisplatin- and vincristine-treated rats was confirmed
by the observed reduction in the latency-to-fall
parameter of the grasping test and in the time on the
rod parameter of the rotarod test in comparison with
the control animals. Pistachios significantly increased
these factors, implicating the protective effects of these
nuts on cisplatin- and vincristine- induced muscle
weakness.

Consistent with our previous findings,?*%? cisplatin
and vincristine alone or with the pistachios did
not alter the anxiety level in our studied rats, and
all groups spent equivalent time in the central
and peripheral areas of the open field apparatus.
In contrast, locomotor activity was affected by
cisplatin and vincristine, and a decreased level of
TDM and velocity parameters of the open field test
was observed in drug-treated rats. This observed
reduction might be due to the fact that drug-treated
rats were weaker and their movement was impaired
by the neurotoxic agents.?43! Motor centers in the
brain are the possible sites of anticancer action, and
the pistachio might induce its protective effect on
the neurons of these areas; further research focusing
on the nut sites of action in the CNS would clarify
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Figure 4: Effects of cisplatin, vincristine, cisplatin plus pistachio, and vincristine plus pistachio on the pain threshold values of rats subjected to
the hot plate test (a). Administration of anticancer drugs alone or along with pistachio did not change MNCV (b). **P < 0.01 and ***P < 0.001 as

compared to the control group
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Control

Cisplatin

Vincristine

Cisplatin+Pistachio

Vincristine+Pistachio

Hippocampi Sections
Cerebellum Sections

Figure 5: Neurons from the cerebellar cortex and hippocampus 5 weeks
after exposure to anticancer drugs alone or along with pistachio. Most
neurons from the cerebellum and hippocampus in saline-treated rats
have normal morphology, but for the cisplatin-, vincristine-, cisplatin
plus pistachio- and vincristine plus pistachio-treated groups, several
degenerated cells can be seen with shrunken, aged nucleolus and
dark cytoplasm

the exact mechanism of pistachio neuroprotection.
Pistachio administration modified these alterations
to some extent. Phenolic compounds,''®'!! such as
anthocyanins, proanthocyanidins, and phenolic
acids,"” might participate in these modulatory effects.

Pistachio is the only nut that contains anthocyanins, a
type of bioflavonoid and potent antioxidant responsible
for the color of many vegetables and fruits.l3"
This phenolic compound has antiinflammatory,
anticarcinogenic, antioxidative, and neuroprotective
properties. These effects have been attributed to
the proteasome-inhibitory'®® and radical scavenging
properties,?4% the interaction with signaling
cascades, " age-related changes in adrenergic and
noradrenergic receptor function,! the enhancement
of dopamine release? and shifts in cerebrovascular
permeability.3 It has been also reported that
anthocyanins and anthocyanidins could limit the
brain cell damage at protein, membrane lipid, and
DNA levels.®

Cisplatin and vincristine administration caused
significant disruptions in the spatial learning and
memory of the animals. In our experiment, pistachios
reversed some learning and memory impairments
caused by cisplatin and vincristine administration.
Pistachio nuts have several amino acids and among
them glutamate and glutamine are present in
the highest concentration. The role of glutamate
as a neurotransmitter in learning and memory is
well-established.* Moreover, dietary supplementation
experiments in humans and animal models have
shown that using flavonoid-rich plants and foods could
improve memory and synaptic plasticity. Emerging
evidence suggests that dietary-derived flavonoids
have the potential to improve the human memory and
neurocognitive performances via their ability to protect
vulnerable neurons, elevate existing neuronal function,
and encourage neuronal regeneration.5*%! These
characteristics of pistachio nuts might explain their
protective effects on cisplatin- and vincristine-induced
memory impairments, although the antioxidant
activity!® of pistachios is another important factor
which should not be neglected.

Our data also showed that cisplatin and vincristine
improved the reaction time in the hot plate test
and that pistachio nuts moderated this effect.
In opposition to our finding, Khasabova et al.
showed the occurrence of hyperalgesia following
cisplatin administration, which could be weakened
by administration of the cannabinoid (CB) agonist,
arachidonyl-ethanol-amide.”" They also showed that
motor performance was not changed in the rotarod
test, while a muscle weakness was observed in our
drug-treated rats, and this may be the reason for the
observed differences. These differences could also
be attributed to the different ages of rats, dosages,
and duration of drug administration. The observed
cisplatin- and vincristine-induced muscle weakness
in our study might be the reason for the increased
latency in response to the thermal stimuli. Cisplatin
damages peripheral neural tissues, including dorsal
root ganglia (DRGs) and sensory fibers,? which is
thought to be responsible for the neuropathy observed
in cancer patients treated with anticancer drugs,
although some molecular mechanisms of muscle
contraction also are involved. However, further
research seems to be needed for elucidating the
role of neurotransmitters and their mechanisms in
cisplatin- and vincristine-induced neurotoxicity and
pistachio’s interaction with these compounds.

CONCLUSION

In conclusion, we have shown that pistachio nuts have
a protective effect on cisplatin- and vincristine-induced
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neurotoxicity. Since these nuts are rich in natural
antioxidant and phenolic compounds, their protective
effects could be attributed to these substances.
However, further research investigating the pistachio’s
exact mechanism of protection, site of action, and its
possible interaction with the antitumor properties of
these potent anticancer agents must be done before
it can be used as a supplement for cancer patients.
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