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(2 mg/kg Cis + 200 mg/kg NS, IP, once weekly/2 weeks), and Cis
+NS 400 (2 mg/kg Cis + 400 mg/kg NS, IP, once weekly/2
weeks). Morris water maze (MWM) test was used to assess spatial
learning and memory. In addition, superoxide dismutase (SOD)

ﬁ?gg\{g 2;iiva activity, a_md thiol_ and malondialdehyde (MDA) levels were
Cisplatin evaluated in the brain.

Memory Results: Cis significantly enhanced the traveled distance and time
Malondialdehyde spent in the target quadrant in the MWM test. Additionally, MDA
Superoxide dismutase levels increased in the Cis group, while thiol and SOD decreased
Thiol in this group. As a result of treatment with NS, behavioral results

were reversed in the groups receiving NS compared to the Cis
group. Also, NS reduced MDA level but improved SOD and thiol
levels in brain tissue samples.

Conclusion: NS could improve memory impairment and oxidative
stress in animals receiving Cis. Therefore, NS could be used as a
potential food supplement to prevent neurotoxicity in patients
undergoing chemotherapy.
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Introduction

Platinum-based chemotherapy is widely
used to treat different cancers. Cisplatin is
the foremost agent in platinum drugs for
treating ovarian, bladder, and testicular
tumors (Cui et al., 2000; Dasari et al.,
2014). However, the side effects of
cisplatin such as nephrotoxicity and
hepatotoxicity ~ restrict  its  clinical
applications in oncology (Zicca et al.,
2002; Rostami et al., 2014; Nematbakhsh
et al., 2017). Previous researches have
confirmed the toxicity of the drug on the
nervous system as a significant side-effect
(Robbins et al., 2002; Amptoulach et al.,
2011; Hosseinzadeh et al., 2021).
Moreover, cognitive deficits such as
memory and attention difficulties have
been experienced by the patients
undergoing chemotherapy (Robbins et al.,
2002; Ahles et al., 2007; Vardy et al.,
2007). Cisplatin can lead to neurotoxic
effects in the nervous system due to both
oxidative damages and activation of
inflammatory factors (Jaggi et al., 2012).

Therefore, finding a safe adjunct
therapy to prevent cisplatin-induced
neurotoxicity is an essential objective in
preclinical studies.

The health effects of traditional
medicines or foods have attracted attention
in recent decades. Nigella sativa (NS) is a
protective agent which has been utilized
increasingly to manage various diseases
(Seghatoleslam et al., 2016). NS contains
thymoquinone, anthocyanins, flavonoids,
alkaloids, and essential fatty acids.
Furthermore, NS phytochemicals are
primarily responsible for its beneficial
effects on diseases. The NS has been used
for treating many diseases including
headaches, pain, hypertension and
gastrointestinal illnesses (Badreldin et al.,
2003; Boskabady et al., 2005; Boskabady
et al., 2007; Boskabady et al., 2008).

According to the literature, NS is
significantly protective against neural
damage and it improves memory and
cognition (Bin Sayeed et al., 2010). The
antioxidant attributes of NS have reported

during cerebral ischemia in experimental
tests (Hosseinzadeh et al., 2007). Some
studies have also indicated that NS
antioxidant properties have
neuroprotective  effects on cognitive
impairment (Khan et al., 2008; Sahak et
al., 2013; Sahak et al., 2016; Azzubaidi et
al., 2011).

The main aim of our work was to
evaluate the effects of NS on cisplatin-
induced memory deficit in male rats.

Materials and Methods
Preparation of the herbal extracts

First, plants were collected from
Khorasan, Iran. NS seeds were crushed,
made into flour and extracted using a
Soxhlet device with ethanol. Then the
solution was concentrated by using
compression process. Finally, it was
dissolved in saline normal before
administration (Hosseini et al., 2015).

Animal handling and housing

A total of 40 Wistar male rats weighing
250-270 grams, aged eight weeks, were
housed under standard temperature (23-
25°C) with 12 hr light: 12 hr dark cycle.
Experiments were done in accordance with
the Ethics Committee Guidelines for
Research on Laboratory Animals of
Sabzevar University of Medical Sciences
(IR.MEDSAB.RES. 1398.084).

The behavioral tests were performed
simultaneously during the day.

Grouping and treatments

The animals were classified into five
groups (n=8), including control (saline: 2
ml/kg, once weekly/2 weeks), Cis (5
mg/kg of cisplatin intraperitoneal (IP),
once weekly/2 weeks), NS (200 mg/kg, IP,
once weekly /2 weeks); Cis + NS 200 (2
mg/kg Cis + 200 mg/kg NS, IP, once
weekly/2 weeks), and Cis + NS 400 (2
mg/kg Cis + 400 mg/kg NS, IP, once
weekly/2 weeks). The behavioral test was
performed on six consecutive days.
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MWM apparatus and procedures

The Morris water maze (MWM) test
was conducted in order to evaluate the
influences of NS and cisplatin on memory
and learning. MWM is a circular apparatus
with a diameter of 140 cm and a depth of
55 cm. In this study, the round pool was
filled with water at the temperature of 23-
24°C. The southwest quadrant of the tank
also had a round platform 2 cm below the
water surface. Four trials (north, south,
east and west) were performed for six
consecutive days. The acquisition test was
conducted for five consecutive days,
followed by a probe test on the sixth day.

A camera was placed over the pool to
record the animals' swimming paths during
the examination sessions. A tracking
software was used to calculate the escape
latency to reach the hidden platform. The
time of swimming was 60 sec. On the prob
test (the sixth day), the animals' ability to
remember the platform location was
assessed through calculating the traveled
distance and time spent in the target
quadrant (\VVafaee et al., 2015).

Biochemical assessment

Rats were euthanized with the over
dose of urethane. After removing the brain
of animals, hippocampus and cortex were
isolated. The tissue samples were placed in
microtubes and stored at -80°C. The brain
tissue level of malondialdehyde (MDA) was
evaluated to measure lipid peroxidation. A
homogenate of brain tissue was treated
with thiobarbituric acid, trichloroacetic
acid, and HCI. Next, they were incubated
in a 100°C water bath (40 min), and the
supernatants ~ were  obtained  after
centrifugation at 1000 rpm (10 min). The
absorbance values read at 535 nanometers
(Shakiba-Jam et al., 2021).

At the next stage, the total thiol content
was measured using 1,000 ul of
ethylenediaminetetraacetic acid-Tris
buffer, which was added to 50 pl of
samples. Then, 20 ul of 2, 2'-dinitro-5, and
5'dithiodibenzoic acid solution (10 mM)
was added and the solution was kept at

room for at least 15 min. The absorbance
was measured at 412 nanometers
(Shakiba-Jam et al., 2021; Hosseinzadeh et
al., 2022). The Madesh protocol was used
to determine superoxide dismutase (SOD)
activity (Madesh et al., 1998). The enzyme
activity was read at 570 nm.

Statistical analysis

Obtained data is presented as
meanstSEM. The repeated-measure test
followed by Tukey post-hoc was used to
analyze escape latency during five days of
MWM. The data of the biochemical test,
and percentage of time and traveled
distance in target quadrant were analyzed
by using One-way ANOVA followed by
Tukey post-hoc test.

Results
Effects of cisplatin and NS on learning
and memory

Behavioral tests were performed using
the MWM after completing cisplatin
treatment. Compared to the control group,
the escape latency in the Cis group was
significantly enhanced (p<0.01 and
p<0.001) (Figure 1-A). In addition, the
animals of the Cis group had shorter time
and traveled distance in the target quadrant
compared to the control group (p<0.05 and
p<0.05, Figure 1-B and 1-C).

Receiving both doses of NS decreased
the mean latency time compared to the Cis
group (p<0.01 on the second and fifth
days, p<0.001 on the third and fourth days,
Figure 1-A). On the other hand, the
administration of NS enhanced the
traveled distance and spent time in the
target quadrant compared to the Cis group
(p<0.05, Figures 1-B and 1-C).

Effects of cisplatin and NS on brain
MDA levels

The biochemical analysis of the brain
tissues indicated that cisplatin injection
significantly increased the MDA level in
the hippocampal and cortex of the Cis
group compared to the control group
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(p<0.001, Figure 2). The NS
administration significantly reduced the
MDA level in the Cis+NS 200 group
compared to the Cis group (p<0.001).
Furthermore, the brain tissues levels of

—&— Control
—e— Cisplatin

-—#--Cis+Nig 200

w4 —#— Cis+Nig 400
Hit

Frcape latency (sec)
2 3

dayl day2 day3 day4 days

1400 4

RER
1200 4

ok
#
&

1000 4

800 -

600 -

Distance {em)

400 -

Day 1 Day 2 Day 3 Day 4 Day 5

MDA were extremely lower in the NS 400
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Figure 1. Comparison of A) Time Latency, B) Traveled distance, C) Percentage of time spent in the target
quadrant and D) Percentage of traveled distance in the target quadrant in MWM Test among the groups. Data is
expressed as mean+SEM; ***p<0.001 and **p<0.01 compared to the Cis and control groups; ###p<0.001,
##p<0.01 and #p<0.05 compared to Cis + NS 200 and Cis groups; &&&p<0.001, &&p<0.01 and &p<0.05

compered to Cis + NS 400 and Cis groups [n=8].

Effects of cisplatin and NS on the brain
concentrations of thiol and SOD

The thiol concentration in both
hippocampal and cortex tissues was
decreased in the Cis group compared to the
control group (p<0.05). The administration
of NS (400 mg/kg) significantly enhanced
the thiol level in the hippocampal and
cortex  tissues  (p<0.05-p<0.01). In
addition, NS treatment (200 mg/kg)
enhanced the thiol concentration of the
cortex tissue (p<0.05) in the Cis+NS 200
group (Figure 3).

As shown in Figure 4, the injection of
cisplatin decreased the SOD activity in the
Cis group compared to the control group
(p<0.05). Moreover, the administration of
NS seed (400 mg/kg) modified the effect
of cisplatin by increasing the SOD activity
in both hippocampal and cortex tissues of
the Cis+NS 400 group compared to the Cis
group  (p<0.05, Figure 4). The
administration of NS extract with dose 200
mg/kg could not significantly change the
effect of cisplatin on SOD activity in the
NS and Cis+NS 200 groups (Figure 4).
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Figure 2. Effects of Nigella sativa and cisplatin on MDA concentration of hippocampus and cortex. Data is
expressed as mean+SEM; ***p<0.001 compared to the control group; ###p<0.001 and #p<0.05 compared to the

Cis group [n=8].

Discussion

Neurotoxicity and cognitive impairment
are frequently reported during and after
cancer treatment (Wefel et al. 2004; Ahles
et al., 2007; Vardy et al., 2007). Thus, the
main purpose of this study was to
investigate the effects of cisplatin and NS
on the memory of male Wistar rats.
According to the results, the rats were less
able to learn and remember after receiving
cisplatin, as indicated by their behavior
test results. Memory defect was associated
with increased MDA, and decreased SOD
activity and  thiol levels.  The
administration of the NS seed extract
followed by cisplatin treatment reversed
the memory deficit and brain biochemical
markers.

In the Dbehavioral test, receiving
cisplatin decreased the length of staying in
the target quadrant. Previous studies have
also shown that the cisplatin-treated

animals have less efficiency in attention
and memory. (Zhou et al., 2016; Chiu et
al., 2017; Chiu et al., 2018). Following
cisplatin  administration, the induced
attention deficit persists for several months
(Haider et al., 2014). The memory deficit
caused by cisplatin was followed by
elevated level of MDA and decreased
levels of SOD and thiol. The DNA of cells
interacts with cisplatin to exert the
cytotoxic effects of cisplatin. Platinum
binds to nuclear DNA, leading to cell
damage and death. Some studies have
suggested that cisplatin toxicity occurs due
to producing the oxygen free radicals, and
subsequently, it causes excessive oxidation
of lipids resulting in changing the physical
properties of cellular membranes (Lu et al.,
2006). Furthermore, some studies have
indicated that oxidative stress causes acute
renal toxicity (Nematbakhsh et al., 2012).
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Figure 3. Effects of Nigella sativa and cisplatin on thiol concentration of hippocampus and cortex. Data
expressed as mean+SEM; *p<0.05 compared to control group; ###p<0.001, ##p<0.01 and #p<0.05 compared to
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Regarding the liver, cisplatin has been
reported to damage hepatocyte membranes
and increase lipid peroxidation, liver
enzyme levels, and cell leakage (Souza et
al., 2016). It has also been shown that the
imbalance of oxidative status in the brain
causes memory impairment (Chen et al.,
2019). Considering the central nervous
system, previous studies have shown that
cisplatin may cross the blood-brain barrier
(BBB) (Abou-Elghait et al., 2010).
Cisplatin may also bind to proteins which
protect the BBB, and cause neurotoxicity
(Hassan et al., 2013). Furthermore,
cisplatin accumulates in nervous system
cells, producing free radicals and
damaging cells, which could cause severe
neurological damage (Souza et al., 2016).
In this research, the administration of NS
for two weeks could improve the memory
and decrease lipid peroxidation, as
approved by the low MDA concentration
in the brain. As a result, antioxidant
enzymes like SOD increased significantly.
Hosseini and colleagues demonstrated that
injection of NS prevented depression-like
behaviors (Hosseini et al., 2015). In
another study, NS noticeably decreased the
degeneration of neurons after trauma
(Javanbakht et al.,, 2013). NS
administration  protected nerve cells
against neurotoxicity and cytotoxicity
induced by Alzheimer's disease (Alhebshi
et al., 2013; Jalali et al., 2009). The
ameliorative effects of NS treatment on
memory and cognition are caused by the
antioxidant property of NS (Kanter et al.,
2006; Saleh et al., 2019). The interaction
of NS with acetylcholine and glutamate
has also been suggested (Jukic et al.,
2007). Several studies reported the
preservative influence of NS against the
toxicities such as nephrotoxicity and
hepatotoxicity due to diverse oxidative
stress agents (Uz et al., 2008; Yaman et al.,
2010; Salama et al., 2011; Elkhateeb et al.,
2015; Farooqui et al., 2017; Nader et al.,
2010). The neuroprotective effects of NS
in experimental studies have also been

linked to its antioxidant efficacy (Aboul
Ezz etal., 2011; Saleh et al., 2019)
A limitation of this study is that the
content of cisplatin in the hippocampus
and cortex was not measured. In addition,
acetylcholinesterase  activity was not
evaluated in the brain. Observing the
above two factors may give a better
understanding of how cisplatin and Nigella
sativa influence memory and learning.
According to the results, the protective
effects of NS against cisplatin-induced
oxidative stress in hippocampal and cortex
tissues can be related to the beneficial
effects of NS on cognitive function of
cisplatin-induced memory impairment in
male rats.

Acknowledgment

This study was financially supported by
the Vice Chancellor of Research at
Sabzevar University of Medical Sciences,
Iran.

Conflicts of interest
The authors have declared that there is
no conflict of interest.

References

Abou Elghait AT, EI Gamal DA, Mohamed
AA, Abdel Sameea AR. 2010. Toxic
effect of cisplatin on cerebellar cortex and
spinal cord of adult male albino rat and
the possible role of vitamin e: light and
electron microscopic study. Ain Shams J
Forensic Med and Clin Toxicol, 14: 21-
32.

Aboul Ezz HS, Khadrawy YA, Noor NA.
2011. The neuroprotective effect of
curcumin and nigella sativa oil against
oxidative stress in the pilocarpine model
of epilepsy: A comparison with valproate.
Neurochem Res, 36: 2195-2204.

Ahles TA, Saykin AJ. 2007. Candidate
mechanisms for chemotherapy-induced
cognitive changes. Nat Rev Cancer, 7:
192.

Alhebshi AH, Gotoh M, Suzuki 1. 2013.
Thymoquinone protects cultured rat
primary neurons against amyloid beta-
induced neurotoxicity. Biochem Biophys

AJP, Vol. 14, No. 1, Jan-Feb 2024 19



Mahmoud Janloo et al.

Res Commun, 433: 362-367.

Amptoulach S, Tsavaris N. 2011.
Neurotoxicity caused by the treatment
with platinum analogues. Chemother Res
Pract, 2011: 843019.

Azzubaidi M, Saxena A, Norlelawati A,
Ahmed Q. 2011. Mnemonic effects of
fixed oil of black cumin (nigella sativa)
seeds on aged rats with memory
impairment. Malaysia-Australia Res, 76.

Badreldin H, Blunden G. 2003.
Pharmacological ~and  toxicological
properties of nigella sativa. Phytother
Res, 17: 299-305.

Bin Sayeed MS, Asaduzzaman, Morshed H,
Hossain M, Kadir MF, Rahman R. 2013.
The effect of nigella sativa linn seed on
memory, attention and cognition in
healthy human volunteers. J
Ethnopharmacol, 148: 780-786.

Boskabady MH, Shafei MN, Parsaee H. 2005.
Effects of aqueous and macerated extracts
from nigella sativa on guinea pig isolated
heart activity. Pharmazie, 60: 943-948.

Boskabady MH, Farhadi J. 2008. The possible
prophylactic effect of nigella sativa seed
agqueous extract on respiratory symptoms
and pulmonary function tests on chemical
war victims: a randomized, double-blind,
placebo-controlled  trial. J  Altern
Complement Med, 14: 1137-1144.

Boskabady MH, Javan H, Sajady M,
Rakhshandeh H. 2007. The possible
prophylactic effect of nigella sativa seed
extract in asthmatic patients. Fundam
Clin Pharmacol, 21: 559-566.

Chen C, Zhang H, Xu H, Zheng Y, Wu T,
Lian Y. 2019. Ginsenoside Rbl
ameliorates cisplatin-induced learning and
memory impairments. J Ginseng Res, 43:
499-507.

Chiu GS, Boukelmoune N, Chiang AC, Peng
B, Rao V, Kingsley C, Liu HL, Kavelaars
A, Kesler SA, Heijnen CJ. 2018. Nasal
administration of mesenchymal stem cells
restores  cisplatin-induced  cognitive
impairment and brain damage in mice.
Oncotarget, 9: 35581-35597.

Chiu GS, Maj Rizvi S, Dantzer R, Vichaya
EG, Laumet G, Kavelaars A, Heijnen CJ.
2017. Pifithrin-p  prevents cisplatin-
induced chemobrain by preserving
neuronal mitochondrial function. Cancer
Res, 77: 742-752.

Cui W, Yazlovitskaya EM, Mayo MS, Pelling

JC, Persons DL. 2000 . Cisplatin-induced
response of c-jun n-terminal kinase 1 and
extracellular ~ signal-regulated  protein
kinases 1 and 2 in a series of cisplatin-
resistant ovarian carcinoma cell lines.
Mol Carcinog, 29: 219-228.

Dasari S, Tchounwou PB. 2014 . Cisplatin in
cancer therapy: molecular mechanisms of
action. Eur J Pharmacol, 740: 364-378.

Elkhateeb A, Khishin IE, Megahed O, Mazen
F. 2015. Effect of nigella sativa linn oil
on tramadol-induced hepato-and
nephrotoxicity in adult male albino rats.
Toxicol Rep, 2: 512-519.

Farooqui Z, Ahmed F, Rizwan S, Shahid F,
Ahmed Khan A, Khan F. 2017.
Protective effect of nigella sativa oil on
cisplatin induced nephrotoxicity and
oxidative damage in rat kidney. Biomed
Pharmacother, 85: 7-15.

Haider S, Saleem S, Perveen T, Tabassum S,
Batool Z, Sadir S, Liagquat L, Madiha S.
2014. Age-related learning and memory
deficits in rats: role of altered brain
neurotransmitters, acetylcholinesterase
activity and changes in antioxidant
defense system. Age (Dordr), 36: 9653.

Hassan |, Chibber S, Khan AA, Naseem |I.
2013. Cisplatin-induced neurotoxicity in
vivo can be alleviated by riboflavin under
photoillumination. Cancer Biother
Radiopharm, 28: 160-168.

Hosseinzadeh H, Parvardeh S, Nassiri M,
Sadeghnia HR, Ziaee H. 2007. Effect of
thymoquinone and Nigella sativa seeds oil
on lipid peroxidation level during global
cerebral ischemia-reperfusion injury in rat
hippocampus. Phytomedicine, 14: 621-
627.

Hosseini M, Mohammadpour T, Karami R,
Rajaei Z, Sadeghnia HR, Soukhtanloo M.
2015. Effects of the hydro-alcoholic
extract of nigella Sativa on scopolamine-
induced spatial memory impairment in
rats and its possible mechanism. Chin J
Integr Med, 21: 438-444.

Hosseinzadeh M, Alizadeh A, Heydari P,
Kafami M, Hosseini M, Beheshti F,
Marefati N, Ghanbarabadi M. 2021.
Effect of vitamin e on cisplatin-induced
memory impairment in male rats. Acta
Neuropsychiatr, 33: 43-48.

Hosseinzadeh M, Nazemi S, Gholami O,
Kafami M, Keyvanloo Shahrestanaki M,
Peghhan A. 2022. Ameliorative effect of

AJP, Vol. 14, No. 1, Jan-Feb 2024 20



Effect of Nigella sativa on memory and learning impairment

allopurinol on cisplatin-induced memory
impairment in male Wistar rat. 1JPS ,18:
35-45.

Jaggi AS, Singh N. 2012. Mechanisms in
cancer-chemotherapeutic  drugs-induced
peripheral neuropathy. Toxicology, 291:
1-9.

Jalali MR, Roghani M. 2009. The effect of
nigella sativa on learning and memory in
male diabetic rats. Basic Clin Neurosci, 1:
32-34.

Javanbakht J, Hobbenaghi R, Hosseini E,
Bahrami AM, Khadivar F, Fathi S,
Hassan MA. 2013. Histopathological
investigation of neuroprotective effects of
nigella sativa on motor neurons anterior
horn spinal cord after sciatic nerve crush
in rats. Pathol Biol, 61: 250-253.

Jukic M, Politeo O, Maksimovic M, Milos M.
2007. In vitro acetylcholinesterase
inhibitory properties of thymol, carvacrol
and their derivatives thymoquinone and
thymohydroquinone. Phytother Res, 21:
259.

Khan A, Khuwaja G, Khan M. 2008. Effect of
thymoquinone on streptozotocin model of
cognitive impairment in rats. Ann
Neurosci, 15: 94.

Lu Y, Cederbaum Al. 2006. Cisplatin-induced
hepatotoxicity is enhanced by elevated
expression of cytochrome P450 2EL.
Toxicol Sci, 89:515-523.

Madesh M, Balasubramanian KA. 1997.
Microtiter plate assay for superoxide
dismutase using MTT reduction method.
Indian J Biochem Biophys, 34: 535-539.

Nader MA, El-Agamy DS, Suddek GM. 2010.
Protective effects of propolis and
thymoquinone on  development of
atherosclerosis in cholesterol-fed rabbits.
Arch Pharm Res, 33: 637-643.

Nematbakhsh M, Pezeshki, E- Jazi F, Ashrafi
F, Nasri H, Talebi A, Safari T. 2012.
Vitamin e, vitamin c, or losartan is not
nephroprotectant ~ against  cisplatin-
induced nephrotoxicity in presence of
estrogen in ovariectomized rat model. Int
J Nephrol, 2012: 284896.

Nematbakhsh M, Pezeshki Z, Eshraghi Jazi F,
Mazaheri B, Moeini M, Safari T,
Azarkish F, Moslemi F, Maleki M, Rezaei
A. 2017. Cisplatin-induced
nephrotoxicity; protective supplements
and gender differences. Asian Pac J
Cancer Prev, 18: 295-314.

Robbins T. 2002. The 5-choice serial reaction
time task: behavioural pharmacology and
functional neurochemistry.
Psychopharmacology (Berl), 163: 362-
380.

Rostami B, Nematbakhsh M, Pezeshki Z,
Talebi A, Sharifi MR, Moslemi F,
Eshraghi-Jazi F, Ashrafi F. 2014. Effect
of testosterone on cisplatin-induced
nephrotoxicity in surgically castrated rats.
Nephrourol Mon, 6: €21546.

Sahak MKA, Kabir N, Abbas G, Draman S,
Hashim NH, Adli H, Sharifah D. 2016.
The role of nigella sativa and its active
constituents in learning and memory.
Evid Based Complement Alternat Med,
2016: 6075679.

Sahak MKA, Mohamed AM, Hashim NH,
Adli DSH. 2013. Nigella sativa oil
enhances the spatial working memory
performance of rats on a radial arm maze.
Evid Based Complement Alternat Med,
2013: 180598.

Salama RHM, Abd-El-Hameed N, Abd-El-
Ghaffar S, Mohammed ZT, Ghandour
NMA. 2011. Nephroprotective effect of
nigella sativa and matricaria chamomilla
in cisplatin induced renal injury. Int J Clin
Med, 2: 185-195.

Saleh HA, Abd EI-Aziz GS, Mustafa HN, EI-
Fark M, Mal A, Aburas M, Deifalla AH.
2019. Thymoguinone ameliorates
oxidative damage and histopathological
changes of developing brain
neurotoxicity. J Histotechnol, 42: 116-
127.

Seghatoleslam M, Alipour F, Shafieian R,
Hassanzadeh Z, Edalatmanesh MA,
Sadeghnia HR, Hosseini M. 2016 . The
effects of nigella sativa on neural damage
after pentylenetetrazole induced seizures
in rats. J Tradit Complement Med, 6: 262-
268.

Shakiba-Jam B, Moghani M, Kafami M,
Hosseini M, Hosseinzadeh M, Naeimi A.
2021. Effect of barley grain on memory
and brain’s oxidative stress factors in
male rats. Nat Prod J, 11: 748-754.

Souza LF, Medeiros NdS, Santos PCPd, Pagno
CH, Nora CD, de Jong EV, de Oliveira
Rios A 2016. Antioxidants from annatto
seeds as possible inhibitory agents of the
hepatotoxicity induced by the antitumor
agent cisplatin. Nat Prod Commun, 11:
1233-1236.

AJP, Vol. 14, No. 1, Jan-Feb 2024 21



Mahmoud Janloo et al.

Uz E, Bayrak O, Uz E, Kaya A, Bayrak R, Uz
B, Turgut FH, Bavbek N, Kanbay M,
Akcay A. 2008. Nigella sativa oil for
prevention of chronic cyclosporine
nephrotoxicity: an experimental model.
Am J Nephrol, 28: 517-522.

Vafaee F, Hosseini M, Hassanzadeh Z,
Edalatmanesh MA, Sadeghnia HR,
Seghatoleslam M, Mousavi SM, Amani
A, Shafei MN. 2015. The effects of
nigella sativa hydro-alcoholic extract on
memory and brain tissues oxidative
damage after repeated seizures in rats.
Iran J Pharm Res, 14: 547-557.

Vardy J, Tannock I. 2007. Cognitive function
after chemotherapy in adults with solid

tumours. Crit Rev Oncol Hematol, 63;
183-202.

Wefel JS, Lenzi R, Theriault R, Buzdar AU,
Cruickshank S, Meyers CA.
2004.‘Chemobrain’in breast carcinoma? a
prologue. Cancer, 101: 466-475.

Zhou W, Kavelaars A, Heijnen CJ. 2016.
Metformin  prevents cisplatin-induced
cognitive impairment and brain damage in
mice. PloS One, 11: e0151890.

Zicca A, Cafaggi S, Mariggido MA, Vannozzi
MO, Ottone M, Bocchini V, Caviglioli G,
Viale M. 2002. Reduction of cisplatin
hepatotoxicity by procainamide
hydrochloride in rats. Eur J Pharmacol,
442: 265-272.

AJP, Vol. 14, No. 1, Jan-Feb 2024 22



