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ABSTRACT

Vincristine (VCR) is an effective anticancer medication, although it has neurotoxic side
effects. Erythropoietin (EPO) is the main regulator of erythropoiesis. Thymoquinone (TQ)
protects brain cells from oxidative stress that causes neurodegenerative disorders such as
Alzheimer's and Parkinson's. This study aims to investigate the VCR toxicity on the cerebrum
as well as the possible neuroprotective effects of TQ and EPO against VCR toxicity in a rat
model. An intraperitoneal injection of VCR (150 pg/kg) 3 times a week for 5 weeks caused
marked histopathological changes in the brain such as neuronal degeneration with
aggregations of glial cells around the degenerated neurons (satellitosis), congestion of blood
vessels and severe demyelination in the white matter of the cerebrum. VCR considerably
increased nestin, iBAL and iNOS expression, while synaptophysin expression decreased. It
also caused upregulation of caspase 3 and PARP expression, resulting in hemorrhage,
demyelination, and neuronal degeneration. Treatment of rats with TQ or EPO either alone or
in combination improved histopathological changes through down-regulation of nestin,
iIBA1, iNOS, caspase 3 and PARP. It was concluded that EPO and TQ ameliorate the
neurotoxic effect of VCR on the cerebrum, however, a synergetic effect was evident when
TQ and EPO were combined.
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INTRODUCTION

Many medicinal plants contain
alkaloids, including in doles (Singh and
Singh, 2018), which can regulate cell death
by targeting related signaling pathways
(Song et al., 2021). Vincristine (VCR) is an
indole alkaloid natural product that has FDA
approval as an antitumor medication and is
used as the first line of cancer treatment
(Patridge et al., 2016). These agents are
however limited in their use due to their
significant side effects on the nervous
system and bone marrow (Jordan, 2002).
Indole alkaloids target cancer cells by
different mechanisms, including autophagic
cell death and apoptosis (Qin et al., 2022).

Apoptosis is an important target in cancer
treatment and it has become an important
component of the development and
discovery of novel anticancer (Wang et al.,
2018). The treatment consists of mollifying
chemotherapy and corresponds to the
treatment of extensive-stage small-cell lung
cancer (Olsen et al., 2012). PARP-1 is a
nuclear protein and has a wide range of
pathological and physiological functions.
PARP-1 plays important roles in astrocyte
regulation, microglial function, and long-
term memory and aging (Chaitanya et al.,
2010). PARP-1 is cleaved by caspases which
are considered a mark of apoptosis
(Kaufmann et al., 1993). Therefore, it was
hypothesized that the use of both caspase
and PARP inhibitors could be a crucial
therapeutic in disorders where both necrosis
and apoptosis occur (Los et al., 2002).

Erythropoietin (EPO) is a glycoprotein
consisting of 166 amino acids produced by
the kidney and acts as both a hematopoietic
growth factor and a peptide hormone that
stimulates bone marrow erythropoiesis and
has several roles outside the bone marrow
(Lund et al., 2014). Recombinant human
EPO could pass through the blood-brain
barrier (Brines et al., 2000), so investigators
are concerned with studying its role in the
nervous system. The EPO receptor (EPOR)
is expressed in several tissues, including
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endothelial cells and astrocytes in the CNS,
that can produce and secrete EPO (Messé et
al., 2013). Furthermore, EPO has been found
to be a regenerative or protective hormone
that can enhance neurological illnesses
(Nekoui & Blaise, 2017).

(TQ), which is the
phytochemical bioactive constituent of
Nigella sativa seeds, has high anti-
inflammatory, anticancer, antioxidant, and
neuroprotective properties (Kooti et al.,
2016). TQ is a promising medication for
reducing chemotherapy toxicity
(AbuKhader, 2013). TQ showed anticancer
properties since it prevents oxidative stress
and inflammation, inhibits metastasis and
angiogenesis, induces apoptosis, stimulates
the expression of tumor suppressor genes
and reduces the expression of tumor-
promoting genes (Alhmied et al., 2021).

This study aims to estimate the
neuroprotective efficacy of TQ, EPO, and
their combination against VCR-induced
cerebral toxicity in rats.

MATERIALS AND METHODS

Thymoquinone

1. Ethics approval

The animal procedures were approved by
MBRSI- Research Ethics Committee
number IORG0010947-MB-21-6-A.

2. Animals

Fifty male albino rats (180+20g) were
purchased from the Animal House
Laboratory, Department of Pathology&
Clinical Pathology, Faculty of Veterinary
Medicine, Assiut University. All rats were
housed and adapted for two weeks before the
experiment at room temperature with a
normal light/dark cycle with free access to
food and water.

3. Chemicals

TQ (Sigma Aldrich, MO, USA), Vincristine
sulfate (Hikma Pharmaceuticals, Giza,
Egypt), and Human recombinant EPO
(SEDICO, 6" October City, Egypt) were
used. Rabbit polyclonal primary antibody
against PARP was purchased from
Invitrogen (Carlsbad, CA), pB-actin and
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cleaved caspase-3 were obtained from
Abcam (Cambridge, UK), Iba-1 from
Fujifilm Wako Chemicals (VA, USA),
synaptophysin from SYSY (Goettingen,
Germany), NOS-2/iNOS from Bioss (MA,
USA). Mouse monoclonal antibody against
nestin (10-c2) was purchased from Santa
Cruz (TX, USA). Horseradish peroxidase
(HRP) conjugated goat anti-rabbit 1gG was
from Santa Cruz.

4. Experimental design

The rats were randomly divided into 5
groups(n=10): Group I (control group) only
received saline; Group Il (VCR group) was
treated with VCR (150pg/kg, intraperitoneal
(IP) 3 times weekly for the entire experiment
(Ja’afer, Hamdan, & Mohammed, 2006);
Group I11 (EPO group) received VCR + EPO
(80ug/kg, IP) (Kassem, El-Din, & Yassin,
2011); Group IV (TQ group) received VCR
+ TQ (10mg/kg, oral)(Mehri et al., 2014);
and Group V (EPO+ TQ group) received
VCR + EPO and TQ. All rats were observed
for 5 weeks and then sacrificed. Brain
specimens were collected for subsequent
analyses (histopathology, immunohisto-
chemistry, and western blot).

5. Histopathological examination

Tissue samples were collected, fixed in 10%
neutral-buffered formalin, routinely
processed, and embedded in paraffin wax.
Paraffin-embedded tissues were then
sectioned at 5 um thickness and stained with
hematoxylin and eosin (Suvarna, Layton, &
Bancroft, 2018). The slides were then
examined microscopically (Olympus CX31,
Japan) and photographed (Olympus,
Camedia C-5060, Japan). Histopathological
scoring was performed based on the blood
vessel congestion, hemorrhage, neuronal
degeneration, and demyelination from three
random sections.

6. Immunohistochemical examination

The paraffin sections were deparaffinized,
rehydrated with graded ethyl alcohol, and
washed (3 times, 5 min each) with PBS.
Antigen retrieval was carried out by boiling
the slides for 10 min in 1 mM sodium citrate
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buffer (pH 6). The endogenous peroxidase
activity was quenched with 3% H>O, for 25
min at 37°C, then the sections were washed
with PBS and incubated with 10% normal
goat serum in 0.2% Triton-X 100 /PBS at
37°C for 2 h to block nonspecific reactions.
The sections were incubated with the
primary antibodies overnight at 4°C, rinsed
with PBS (3 times, 10 min), and then treated
with the Ultra Tek HRP anti-polyvalent kit
(Goat anti-mouse, rat, rabbit and Guinea pig
IgG) as a secondary antibody which
(ScyTek, USA). Visualization of the
reactions was done with DAB for 5-10 min
and counterstained with Harris hematoxylin
(Attaai et al., 2022).

7. Western blot analysis

Tissue homogenates were centrifuged at
1500 rpm for 5 min at room temperature, the
pellets were washed with ice-cold PBS
buffer (2 times), then the cells were lysed
with cold RIPA buffer (5 mM EDTA, 50
mMTris-Cl [pH 7.6], 150 mM NacCl, 0.5%
Triton-X-100, and 0.5% NP-40) containing
1 pg/mL aprotinin and leupeptin, and 0.5
mM PMSF. The lysates were centrifuged at
4°C for 10 min at 2500 rpm. Then the protein
concentrations were determined by Bradford
assay. 40 pg of the protein aliquots were
electrophoresed on 10% SDS-PAGE gels
and then transferred onto nitrocellulose
membranes. Membrane blocking was done
using 2% BSA and then probed with primary
antibodies  (anti-PARP,  anti-cleaved-
caspase3, and anti-p-actin, 1:1000) at 4°C
overnight. Then membranes were incubated
with  the HRP-conjugated secondary
antibody (1:10,000) for 1 h at room
temperature. ECL substrate was used for
detection. The immunoreactive bands were
densitometrically calculated using Image J
software (Fouad, Elsokkary, & Shakor,
2022).

8. Statistical analysis

Results are presented as means * standard
deviation (SD) of three independent
replicates. One-way analysis of variance
(ANOVA) followed by Newman-Keuls
post-test (Keuls, 1952; Newman, 1939) was
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used to evaluate the differences between the
tested groups. The results were considered
statistically significant at p < 0.05.

RESULTS

1. Histopathological evaluation

Histopathological analysis of the brain
sections from the control group showed the
normal morphological structure of neurons,
blood vessels, and glial cells in the cerebrum
(Fig 1a). In contrast, brain sections from
group Il (VCR group)  showed
neurodegeneration with aggregation of glial
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cells around the degenerated neurons
(satellitosis) (Fig 1Db), significant
demyelination in  white matter and

congestion of blood vessels (Fig 1c) in the
cerebrum.

However, the administration of EPO or TQ
as single (group 11 or IV, respectively) or in
combination (group V) showed ameliorative
effects on the pathological changes caused
by VCR in the cerebrum which appeared
more or less normal (Fig 1d.e, f). All
histopathological results of the brain in
different groups were scored in Table 1.
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Fig.1: Photomicrograph of the cerebrum from different groups. A. The control group shows
normal neurons (arrows), glial cells (arrowhead), and blood vessels (asterisk). B and C.
VCR group shows neuronal degeneration with satellitosis (arrow, B), neuronal
degeneration (arrow, C), congestion (asterisk, C), and severe demyelination (inset, C). D.
EPO group and E. TQ group show normal neurons with mild neuronal degeneration. F.
EPO+TQ group shows normal neurons. H&E stain, scale bars = 20 uM.
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Table 1: Scoring of histopathological results of the brain tissue in various groups.

Histopathological findings Control VCR VCR+EPO VCR+TQ VCR+

EPO+TQ
Blood vessels Congestion -ve +++ ++ +++ ++
Hemorrhage -ve +++ +++ ++ +++
Neuronal degeneration -ve +++ + ++ +
Demyelination -ve +++ + ++ +
Intensity scores:-ve=Not found,+=Mild, ++=Moderate,+++= severe
2. Immunohistochemical evaluation cytokines. So, the intensity of iNOS

Glial and neuronal progenitors were marked
with the expression of nestin. The intensity
of IBA1 was lower in control rats and was
increased in VCR-treated rats and almost
returned to the normal control by treating
rats with EPO or TQ or their combination
(Fig 2). Nestin immunoreactivity was
increased in the cerebral cortex of rats
treated with VCR, however, was decreased
in the brain of rats treated with TQ or EPO
their combination (Fig 3). Activation of
microglia usually occurs as an initial
response of the CNS to several pathological
stimuli to employ a cytotoxic function by
releasing NO, ROS, or inflammatory
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immunoreactivity in the cerebral cortex of
rat brains treated with VCR was increased,
however, it was decreased almost to the
normal control by co-treatment with TQ or
EPO or their combination (Fig 4).
Immunoreactivity of the pre-synaptic
protein synaptophysin, the main protein of
the synaptic membrane that plays an
important role as a channel in synaptic
vesicle exocytosis, was decreased in the
cerebral cortex of rat brain treated with
VCR, however, was increased in rats-
cotreated with EPO, TQ or their combination

(Fig 5).
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Fig. 2: Immunohistochemical iBAL staining of cerebral cortex in rat brains. The intensity of
the iBA1 was higher in VCR treated group compared with the control and co-treated rats

with TQ or EPO or their combination.
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Fig. 3: Immunohistochemical nestin staining of cerebral cortex in rat brains showing that the intensity
of the nestin was higher in the VCR-treated group compared with the control and co-treated rats
with TQ or EPO or their combination.
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Fig.4: Immunohistochemical iNOS staining of cerebral cortex in rat brains. The iNOS intensity (arrows)
was higher in VCR treated group compared with the control and co-treated rats with TQ or EPO
or their combination.
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A(Control) .+ B(VCR).

9

Fig.5: Immunohistochemical synaptophysin staining of cerebral cortex in rat brains. The synaptophysin
intensity was lower in VCR treated group and co-treated rats with TQ or EPO or their combination
compared with the control.

3. Effect of VCR and co-treatment with TQ or EPO or their combination on the caspase-3 and
PARP-1 cleavage in the brain of rat

Although its role in DNA repair, over activation of PARP-1 in neuronal excitotoxicity

caused induction of cell death. In the present experiment, as in Figs. 6 and 7, the western blot results

showed an elevated level of caspase-3 and PARP-1 in the VCR-treated group compared to the control

group. EPO or TQ or their combination with VCR showed a significant decrease in both caspase-3 and

PARP-1 levels with the priority of the combination of TQ and EPO.
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Fig. 6: Western blot results of the cleaved caspase-3 in the brain of control and different treated groups. R3-
actin is taken as control. A: a representative Immunoblot of the cleaved caspase-3. B: The density
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values were expressed in mean £ SEM (n=3) after normalization to the corresponding B-actin bands.
*and # P < 0.05 versus control and VCR groups; respectively.
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Fig. 7: Western blot results of PARP in the brain of control and different treated groups. R-actin is taken
as control. A: a representative Immunoblot of PARP and cleaved PARP. B: The density values
were expressed in mean £ SEM (n=3) after normalization to the corresponding B-actin bands. *
and # P < 0.05 versus control and VCR groups; respectively.

DISCUSSION

The microtubules are an important component
of the cytoskeleton that plays an important role
in different eukaryotic cellular processes, such
as cell division and growth (Desai &
Mitchison, 1997). VCR as microtubule-
targeting agents are an important class of
anticancer drugs because of their capacity to
interact with tubulins (Y.-M. Liu, Chen, Lee,
& Liou, 2014; Mitchison, 2012). Inhibition of
microtubule formation causes mitosis arrest in
the metaphase, by restricting the formation of
a mitotic spindle. Moreover, VCR overlaps
with both nucleic acid and protein synthesis by
blocking the use of glutamic acid (Martino et
al., 2018). In addition, VCR disrupts the active
transport of proteins and other components
within neurons (Carlson & Ocean, 2011). As
shown in the present study, VCR-treated rats
showed  neuronal  degeneration  with
aggregations of glial cells around the
degenerated neurons with demyelination of
white matter of the cerebrum. As a result of
VCR binding to microtubules neurons die
(Starobova & Vetter, 2017), because
microtubules are necessary components of
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oligodendrocytes, which are responsible for
myelination of nervous fibers (Lee & Hur,
2020). Moreover, VCR caused mitochondrial
damage (Canta et al., 2015) by modulating
mitochondrial absorption and concentration of
Ca?* (Islam et al., 2019), leading to increased
exocytosis of neurotransmitters and activation
of apoptosis (Marchi et al., 2018).

In this study, histological improvement in the
cerebrum of rats co-treated with either TQ,
EPO or their combination was observed.
rhEPO is known to have beneficial effects on
non-motor  symptoms  associated  with
Parkinson's disease (Jang et al., 2014),
suggesting that it could be used as a new
method of treating brain disorders (Merelli et
al., 2013). Also, TQ has been shown to protect
brain tissue from oxidative stress induced by
radiation (Ahlatci et al., 2014) and efficiently
attenuated AP1-42-induced neurotoxicity in
cortical neurons (Alhebshi et al., 2013).
Therefore, TQ may be used to reduce the toxic
effects of chemotherapeutic agents by
inducing cell cycle arrest and the down-
regulating pro-apoptotic genes (Darakhshan et
al., 2015), and initiating apoptosis via
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activation of caspases-3 (Paramasivam et al.,
2012).

Neurodegenerative disorders are frequently
caused by dysregulated apoptosis, which
causes increased or decreased cell death. The
caspase activation which is typically present as
inactive zymogen forms is one of the most
frequent signaling cascades contributing to
apoptosis. When it is activated, caspases
initiate cell death by removing and activating
effector caspases that drive the apoptosis
process (Yakovlev & Faden, 2001). The
cleavage of PARP-1 by caspases is the
hallmark of apoptosis (Kaufmann et al., 1993).
In this study, rats treated with VCR showed
upregulation of cleavage caspase3 and
cleavage PARP. The cleavage of PARP by
caspase-3 has been involved in different
neurological diseases e.g. Alzheimer's disease,
cerebral ischemia, Parkinson's disease,
multiple sclerosis, brain tumors, especially
gliomas, and traumatic brain injury (Gilliams-
Francis et al., 2003; Lau et al., 2006). In
normal conditions, the PARP-1 primary
function is to detect DNA damage and to
repair it. However, cells with significant DNA
damage have increased PARP-1 activity,
leading to high NAD+ consumption. This
activity, if left unchecked, will inevitably
result in passive necrotic cell death (caused by
long ATP depletion). Rapid cleavage and
inactivation of PARP-1 by caspases prevent
this process from occurring. However, insults
that initiate necrosis cause PARP-1
overactivation which proceeds unchecked due
to insufficient caspase activation (Aikin et al.,
2004; Los et al., 2002).

However, rats co-treated with TQ, EPO or
their combination showed a relative decrease
in cleavage caspase 3 and cleavage PARP
compared to the VCR-treated group. TQ-
specific inhibitory action on cancer cells is
associated with activated caspase upregulation
(Ashour et al., 2016). Caspase-3 reduction
which ends up in the process of cell death, and
PARP, one of the targets of caspase-3,
supported the apoptosis-inhibiting effect of
TQ in healthy tissue (Beker et al., 2018).
Ethanol promoted caspase-dependent
cleavage of PARP-1. Administration of TQ
decreases DNA damage and inhibits cell death
caused by ethanol in rat cortical neurons via an
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antioxidant ~ mechanism that  preserves
mitochondrial integrity (Cherian et al., 2008;
Ullah et al., 2012). Additionally, the treatment
of TQ protected neurons from a-synuclein-
induced synaptic toxicity in cultured rat
primary hippocampal and human-induced
pluripotent stem cell-derived neuron cells
(Alhebshi et al., 2014).

The present results of immunohistochemistry
showed increases in the expression of iBAL,
nestin and iINOS, however, synaptophysin was
decreased in the brains of rats treated with
VCR. Co-treatment of rats with either TQ, or
EPO, or their combination restores the levels
of all except synaptophysin is still lower than
controls. In this aspect, Ibal was found to be
strongly expressed in activated microglia
within the regenerating facial nucleus
(Ohsawa et al., 2000). Ibal expression could
be associated with microglial activation (Ito et
al., 2001) which usually occurs as an early
response of the CNS against several
pathological stimuli, such as; inflammation,
trauma, ischemia, and degeneration. Microglia
exert a cytotoxic function by releasing nitric
oxide, reactive oxygen  species, or
inflammatory cytokines, which cause neuronal
damage (Gonzélez-Scarano & Baltuch, 1999;
Moore & Thanos, 1996).

In multipotent CNS precursor cells, nestin
represents a novel class of intermediate
filament that is highly expressed (Lendahl et
al., 1990). The adult brain typically exhibits
low levels of nestin immunoreactivity (Wei et
al., 2002), while nestin upregulation has been
found in the lesioned brain (Bond et al., 2002).
Nestin is a marker for reactive astrocytes,
which are important in the healing process of
brain injury (Li & Chopp, 1999). Nestin is
markedly induced in neuroinflammatory
conditions in both astrocytes and activated
microglia/ macrophages (Krishnasamy et al.,
2017). Post-injury nestin is highly expressed in
both astrocytes and microglia, that are
consistent with the hypothesis that injured
cerebral tissue expressed developmental
proteins, and that these proteins might aid in
injury recovery (Korzhevskii et al., 2008).

Synaptophysin, a calcium-binding glyco-
protein located in the membranes of
presynaptic vesicles of neurons, is involved in
synaptogenesis, vesicular trafficking, synaptic
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reorganization, and the fusion of the vesicular
with the synaptic plasma membrane (Sudhof,
1995). Synaptophysin is one of the most often
utilized protein indicators of synaptic
plasticity in the brain. The cognitive decline in
Alzheimer’s disease is correlated with the loss
of this pre-synaptic vesicle protein in the
hippocampus (Counts et al., 2006; Reddy et
al., 2005). Synaptophysin might be associated
with nerve dysfunction induced by a traumatic
brain injury (Liu et al., 2016). Resveratrol as
an antioxidant may serve as a therapeutic
strategy for traumatic brain injury via the
upregulation of synaptophysin, and the
inhibition of neuronal autophagy (Feng et al.,
2016). Activated glial cells produce more
nitric oxide synthase (NOS) and RNS.
(Tangpong et al., 2006) and causes DNA
damage in neuronal cells (Abner &
McKinnon, 2004). So, natural antioxidants,
resveratrol and berberine demonstrated a
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induced neurotoxicity (Shaker et al., 2021;
Shi et al., 2018). Finally, (Was et al., 2022)
concluded that neurotoxicity is induced
through several (alone or in combination)
modes of action: reduced neurogenesis and
gliogenesis, direct injury of neurons, neuro-
inflammation and neuroendocrine changes,
hyperactivation of supportive glial cells (e.g.,
microglia, astrocytes, satellite glial cells), and
increased oxidative stress. Consequently,
supplemen-tation with antioxidants may
protect against the adverse effects of
chemotherapy. In conclusion, both EPO and
TQ protect the cerebrum against the toxic
effect of VCR by a mechanism dependent on
down regulation of iINOS, IBA1, nestin, PARP
and caspase 3 as mediators of oxidative stress,
inflammation, and apoptosis, however, their
combination gives more protection may be due
to their synergetic effects.

ATP: Adenosine triphosphate i.p: Intraperitoneal
APS: Ammonium persulfate iBA1: lonizing calcium binding adapter molecule 1
BBB: Blood brain barrier mRNA: Messenger ribonucleic Acid
B.W: Body weight NGF: Nerve growth factor
CNS: Central nervous system NAD+: Nicotinamide adenine dinucleotide
DNA: Deoxyribonucleic acid NOS: Nitric oxide synthase
Dw: Distilled water nDNA: Nuclear DNA
DAB: 3,3'-diaminobenzidine PBS: Phosphate buffered saline
EPOR: Erthyeropiotein receptor PMSF: Phenylmethylsulfonyl fluoride
EPO: Erythropoietin PARP: Poly (ADP-ribose) polymerase
EDTA: Ethylene diamine tetraacetic acid RIPA: Radioimmunoprecipitation assay
FDA: Food and Drug Administration RNS: Reactive nitrogen species
Gran B: Granzyme B ROS: Reactive oxidative stress
H&E: Haematoxyline and Eosine Rh-EPO: | Recombinant human erthyeropiotein
HRP: Horse radish peroxidase SDS: Sodium dodecy! sulfate
iNOS: Inducible nitric oxide synathe SD: Standard deviation
1AP: Inhibitor of apoptosis protein TQ: Thymoquinone
IL-1: Interleukin-1 VCR: Vincristine
REFERENCES thymoquinone  on  radiation-induced

Abner, C.W. and McKinnon, P. J. (2004): The
DNA double-strand break response in the
nervous system. DNA repair, 3(8-9),
1141-1147.

AbuKhader, M.M. (2013): Thymoquinone in the
clinical treatment of cancer: Fact or
fiction? Pharmacognosy reviews, 7(14),
117.

Ahlatci, A.; Kuzhan, A.; Taysi, S.; Demirtas,
0O.C.; Alkis, H.E.; Tarakcioglu, M. and
Cinar, K. (2014): Radiation-modifying
abilities of Nigella sativa and

181

nitrosative stress in the brain tissue.
Phytomedicine, 21(5), 740-744.

Aikin, R.; Rosenberg, L.; Paraskevas, S. and
Maysinger, D. (2004): Inhibition of
caspase-mediated PARP-1  cleavage
results in increased necrosis in isolated
islets of Langerhans. Journal of molecular
medicine, 82, 389-397.

Alhebshi, A.; Gotoh, M. and Suzuki, I. (2013):
Thymoquinone protects cultured rat
primary neurons against amyloid f-
induced neurotoxicity. Biochemical and
biophysical research communications,
433(4), 362-367.


https://en.wikipedia.org/wiki/Food_and_Drug_Administration

Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 69 No. 179 October 2023, 172-185

Alhebshi, A.; Odawara, A.; Gotoh, M. and
Suzuki, 1. (2014): Thymoquinone protects
cultured hippocampal and human induced
pluripotent stem cells-derived neurons

against  a-synuclein-induced  synapse
damage. Neuroscience letters, 570, 126-
131.

Alhmied, F.; Alammar, A.; Alsultan, B.;

Alshehri, M. and Pottoo, F.H. (2021):
Molecular mechanisms of thymoquinone
as anticancer agent. Combinatorial
Chemistry & High Throughput Screening,
24(10), 1644-1653.

Ashour, A.E.; Ahmed, A.F.; Kumar, A.; Zoheir,
K.M.; Aboul-Soud, M.A.; Ahmad, S.F. and

Rishi, A. K. (2016): Thymoquinone
inhibits growth of human
medulloblastoma cells by inducing

oxidative stress and caspase-dependent
apoptosis  while suppressing NF-xB
signaling and IL-8 expression. Molecular
and cellular biochemistry, 416, 141-155.
Attaai, A.H.; Hussein, M.T.; Aly, K.H. and

Abdel-Maksoud, F.M. (2022):
Morphological, Immunohistochemical,
and Ultrastructural Studies of the

Donkey's Eye with Special Reference to
the AFGF and ACE Expression.
Microscopy and Microanalysis, 28(5),
1780-1793.

Beker, M.; Dalli, T. and Elibol, B. (2018):
Thymogquinone can improve neuronal
survival and promote neurogenesis in rat

hippocampal neurons. Molecular
Nutrition & Food Research, 62(5),
1700768.

Bond, B.C.; Virley, D.J.; Cairns, N.J.; Hunter,
A.J.; Moore, G.B.; Moss, S.J. and Preece,
P. (2002): The quantification of gene
expression in an animal model of brain
ischaemia using TagMan™ real-time RT-
PCR. Molecular brain research, 106(1-2),
101-116.

Brines, M.L.; Ghezzi, P.; Keenan, S.; Agnello,
D.; De Lanerolle, N.C.; Cerami, C.; and
Cerami, A. (2000): Erythropoietin crosses
the blood-brain barrier to protect against
experimental brain injury. Proceedings of
the National Academy of Sciences, 97(19),
10526-10531.

Canta, A.; Pozzi, E. and Carozzi, V.A. (2015):
Mitochondrial dysfunction in
chemotherapy-induced peripheral
neuropathy (CIPN). Toxics, 3(2), 198-
223.

182

Carlson, K. and Ocean, A.J. (2011): Peripheral
neuropathy with microtubule-targeting
agents: occurrence and management
approach. Clinical breast cancer, 11(2),
73-81.

Chaitanya, G.V.; Alexander, J.S. and Babu, P.P.
(2010): PARP-1 cleavage fragments:
signatures of cell-death proteases in
neurodegeneration. Cell Communication
and Signaling, 8, 1-11.

Cherian, P.P.; Schenker, S. and Henderson, G.I.
(2008): Ethanol-mediated DNA damage
and PARP-1 apoptotic responses in
cultured  fetal  cortical  neurons.
Alcoholism: Clinical and Experimental
Research, 32(11), 1884-1892.

Counts, S.E.; Nadeem, M.; Lad, S.P.; Wuu, J.
and Mufson, E.J. (2006): Differential
expression of synaptic proteins in the
frontal and temporal cortex of elderly
subjects with mild cognitive impairment.
Journal of Neuropathology &
Experimental Neurology, 65(6), 592-601.

Darakhshan, S.; Pour, A.B.; Colagar, A.H. and

Sisakhtnezhad, S. (2015): Thymoquinone

and its therapeutic potentials.

Pharmacological research, 95, 138-158.

A. and Mitchison, T. J. (1997):

Microtubule polymerization dynamics.

Annual review of cell and developmental

biology, 13(1), 83-117.

Feng, Y.; Cui, Y.; Gao, J.L.; Li, R.; Jiang, X.H.;
Tian, Y.X. and Cui, J.Z. (2016):
Neuroprotective effects of resveratrol
against traumatic brain injury in rats:
involvement of synaptic proteins and
neuronal autophagy. Molecular medicine
reports, 13(6), 5248-5254.

Fouad, S.; Elsokkary, G. and Shakor, A.B.A.
(2022): Acceleration of slow autophagy
flux induced by arabinofuranosyl cytidine
improves its antileukemic effectiveness in

Desali,

M-NFS-60 cells. Turkish Journal of
Biology, 46(4), 307-317.
Gilliams-Francis, K.L.; Quaye, A.A. and

Naegele, J.R. (2003): PARP cleavage,
DNA fragmentation, and pyknosis during
excitotoxin-induced  neuronal  death.
Experimental neurology, 184(1), 359-
372.

Gonzélez-Scarano, F. and Baltuch, G. (1999):
Microglia as mediators of inflammatory
and degenerative diseases. Annual review
of neuroscience, 22(1), 219-240.



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 69 No. 179 October 2023, 172-185

Islam, B.; Lustberg, M.; Staff, N.P.; Kolb, N.;
Alberti, P. and Argyriou, A.A. (2019):
Vinca alkaloids, thalidomide and eribulin-
induced peripheral neurotoxicity: From
pathogenesis to treatment. Journal of the
Peripheral Nervous System, 24, S63-S73.

Ito, D.; Tanaka, K.; Suzuki, S.; Dembo, T. and
Fukuuchi, Y. (2001): Enhanced
expression of Ibal, ionized calcium-
binding adapter molecule 1, after transient
focal cerebral ischemia in rat brain.
Stroke, 32(5), 1208-1215.

Ja'afer, F.M.; Hamdan, F.B. and Mohammed,

F.H. (2006): Vincristine-induced

neuropathy in rat: electrophysiological

and histological study. Experimental

brain research, 173, 334-345.

W.; Park, J.; Shin, K.J.; Kim, J.-S.; Kim,

J.S.; Youn, J. and Kim, H.-T. (2014):

Safety and efficacy of recombinant human

erythropoietin treatment of non-motor

symptoms in Parkinson's disease. Journal

of the Neurological Sciences, 337(1), 47-

54. doi: https://doi.org/  10.1016/

jjns.2013.11.015

Jordan, M. (2002): Mechanism of action of

Jang,

antitumor drugs that interact with
microtubules and tubulin.  Current
Medicinal Chemistry-Anti-Cancer

Agents, 2(1), 1-17.

Kassem, L.A.; EI-Din, M.M.G. and Yassin, N.A.
(2011): Mechanisms of vincristine-
induced neurotoxicity: Possible reversal
by erythropoietin. Drug discoveries &
therapeutics, 5(3), 136-143.

Kaufmann, S.H.; Desnoyers, S.; Ottaviano, Y.;
Davidson, N.E. and Poirier, G.G. (1993):
Specific proteolytic cleavage of poly
(ADP-ribose) polymerase: an early
marker of chemotherapy-induced
apoptosis. Cancer research, 53(17), 3976-
3985.

Keuls, M. (1952): The use of the ,,studentized
range” in connection with an analysis of
variance. Euphytica, 1, 112-122.

Kooti, W.; Hasanzadeh-Noohi, Z.; Sharafi-
Ahvazi, N.; Asadi-Samani, M. and
Ashtary-Larky, D. (2016):

Phytochemistry,  pharmacology, and
therapeutic uses of black seed (Nigella
sativa). Chinese journal of natural
medicines, 14(10), 732-745.

Korzhevskii, D.; Lentsman, M.; Gilyarov, A,
Kirik, O. and Vlasov, T. (2008): Induction
of nestin synthesis in rat brain cells by

183

ischemic damage. Neuroscience and
behavioral physiology, 38, 139-143.

Krishnasamy, S.; Weng, Y.-C.; Thammisetty,
S.S.; Phaneuf, D.; Lalancette-Hebert, M.
and Kriz, J. (2017): Molecular imaging of
nestin in neuroinflammatory conditions
reveals marked signal induction in
activated  microglia.  Journal  of
neuroinflammation, 14, 1-14.

Lau, A.; Arundine, M.; Sun, H.-S.; Jones, M. and
Tymianski, M. (2006): Inhibition of
caspase-mediated apoptosis by
peroxynitrite in traumatic brain injury.
Journal of Neuroscience, 26(45), 11540-
11553.

Lee, B.Y. and Hur, E.-M. (2020): A role of
microtubules in oligodendrocyte
differentiation. International journal of
molecular sciences, 21(3), 1062.

Lendahl, U.; Zimmerman, L.B. and McKay, R.D.

(1990): CNS stem cells express a new

class of intermediate filament protein.

Cell, 60(4), 585-595.

and Chopp, M. (1999): Temporal profile

of nestin expression after focal cerebral

ischemia in adult rat. Brain research,

838(1-2), 1-10.

Liu, J.; Dan, Q.Q.; Zhao, N.; Li, J.Y.; Li, J;
Chang, Q. and Cen, J.C. (2016):
Functional implication of synaptophysin
upregulation with traumatic brain injury
adult rats. Ibrain, 2(1), 1-6.

Liu, Y.-M.; Chen, H.-L.; Lee, H.-Y. and Liou, J.-
P. (2014): Tubulin inhibitors: a patent
review. Expert opinion on therapeutic
patents, 24(1), 69-88.

Los, M.; Mozoluk, M.; Ferrari, D.; Stepczynska,
A.; Stroh, C.; Renz, A. and Schulze-
Osthoff, K. (2002): Activation and
caspase-mediated inhibition of PARP: a
molecular switch between fibroblast
necrosis and apoptosis in death receptor
signaling. Molecular biology of the cell,
13(3), 978-988.

Lund, A.; Lundby, C. and Olsen, N.V. (2014):
High-dose erythropoietin  for tissue
protection. European Journal of Clinical
Investigation, 44(12), 1230-1238.

Li, Y.

Marchi, S.; Patergnani, S.; Missiroli, S.;
Morciano, G.; Rimessi, A.; Wieckowski,
M.R. and Pinton, P. (2018):

Mitochondrial and endoplasmic reticulum
calcium homeostasis and cell death. Cell
calcium, 69, 62-72.



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 69 No. 179 October 2023, 172-185

Martino, E.; Casamassima, G.; Castiglione, S.;
Cellupica, E.; Pantalone, S.; Papagni, F.
and Collina, S. (2018): Vinca alkaloids
and analogues as anti-cancer agents:
Looking back, peering ahead. Bioorganic
& medicinal chemistry letters, 28(17),
2816-2826.

Mehri, S.; Shahi, M.; Razavi, B.M.; Hassani,
F.V. and Hosseinzadeh, H. (2014):
Neuroprotective effect of thymoquinone
in acrylamide-induced neurotoxicity in
Wistar rats. lranian journal of basic
medical sciences, 17(12), 1007.

Merelli, A.; Czornyj, L. and Lazarowski, A.
(2013): Erythropoietin: a neuroprotective
agent in cerebral hypoxia,
neurodegeneration, and epilepsy. Current
pharmaceutical design, 19(38), 6791-
6801.

Messé, S.R.; McGarvey, M.L.; Bavaria, J.E.;
Pochettino, A.; Szeto, W.Y.; Cheung, A.T.;
and Kasner, S.E. (2013): A pilot study of
darbepoetin  alfa for  prophylactic
neuroprotection in  aortic  surgery.
Neurocritical care, 18, 75-80.

Mitchison, T.J. (2012): The proliferation rate
paradox in antimitotic chemotherapy.
Molecular biology of the cell, 23(1), 1-6.

Moore, S. and Thanos, S. (1996): The concept of
microglia in relation to central nervous
system disease and regeneration. Progress
in neurobiology, 48(4-5), 441-460.

Nekoui, A. and Blaise, G. (2017): Erythropoietin
and nonhematopoietic  effects. The
American journal of the medical sciences,
353(1), 76-81.

Newman, D. (1939): The distribution of range in
samples from a normal population,
expressed in terms of an independent
estimate  of  standard  deviation.
Biometrika, 31(1/2), 20-30.

Ohsawa, K.; Imai, Y.; Kanazawa, H.; Sasaki, Y.
and Kohsaka, S. (2000): Involvement of
Ibal in  membrane ruffling and
phagocytosis of macrophages/microglia.
Journal of cell science, 113(17), 3073-
3084.

Olsen, I.H.; Langer, S.W.; Jepsen, I.; Assens,
M.; Federspiel, B.; Hasselby, J.P.; and
Knigge, U. (2012): First-line treatment of
patients  with  disseminated  poorly
differentiated neuroendocrine carcinomas
with  carboplatin,  etoposide, and
vincristine: A single  institution

184

experience. Acta Oncologica, 51(1), 97-
100.

Paramasivam, A.; Sambantham, S.; Shabnam,
J.; Raghunandhakumar, S.; Anandan, B.;
Rajiv, R. and Jayaraman, G. (2012):
Anti-cancer effects of thymoquinone in
mouse neuroblastoma (Neuro-2a) cells
through caspase-3 activation with down-
regulation of XIAP. Toxicology letters,
213(2), 151-159.

Patridge, E.; Gareiss, P.; Kinch, M.S. and
Hoyer, D. (2016): An analysis of FDA-
approved drugs: natural products and their
derivatives. Drug discovery today, 21(2),
204-207.

Qin, R.; You, F.-M.; Zhao, Q.; Xie, X.; Peng, C.;
Zhan, G. and Han, B. (2022): Naturally
derived indole alkaloids targeting
regulated cell death (RCD) for cancer
therapy: from molecular mechanisms to
potential therapeutic targets. Journal of
Hematology & Oncology, 15(1), 133.

Reddy, P.H.; Mani, G.; Park, B.S.; Jacques, J.;
Murdoch, G.; Whetsell Jr, W. and
Manczak, M. (2005): Differential loss of
synaptic proteins in Alzheimer's disease:
implications for synaptic dysfunction.
Journal of Alzheimer's Disease, 7(2), 103-
117.

Shaker, F.H.; El-Derany, M.O.; Wahdan, S.A.;
El-Demerdash, E. and EI-Mesallamy,
H.O. (2021): Berberine ameliorates
doxorubicin-induced cognitive
impairment (chemobrain) in rats. Life
sciences, 269, 119078.

Shi, D.-D.; Dong, C.M.; Ho, L.C.; Lam, C,;
Zhou, X.-D.; Wu, E. X. and Zhang, Z.-J.
(2018): Resveratrol, a natural polyphenol,
prevents chemotherapy-induced cognitive
impairment: Involvement of cytokine
modulation and neuroprotection.
Neurobiology of disease, 114, 164-173.

Singh, T.P. and Singh, O.M. (2018): Recent
progress in biological activities of indole
and indole alkaloids. Mini Reviews in
Medicinal Chemistry, 18(1), 9-25.

Song, F.; Bian, Y.; Liu, J.; Li, Z.; Zhao, L.; Fang,
J.; and Zhou, M. (2021): Indole alkaloids,
synthetic dimers and hybrids with
potential in vivo anticancer activity.
Current Topics in Medicinal Chemistry,
21(5), 377-403.

Starobova, H. and \Vetter, 1. (2017):
Pathophysiology ~ of  chemotherapy-



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 69 No. 179 October 2023, 172-185

induced peripheral neuropathy. Frontiers
in molecular neuroscience, 10, 174.

Sudhof, T.C. (1995): The synaptic vesicle cycle:
a cascade of protein—protein interactions.
Nature, 375(6533), 645-653.

Suvarna, K.S.; Layton, C. and Bancroft, J.D.
(2018): Bancroft's theory and practice of
histological techniques E-Book: Elsevier
health sciences.

Tangpong, J.; Cole, M.P.; Sultana, R.; Joshi, G.;
Estus, S.; Vore, M. and Butterfield, D.A.
(2006):  Adriamycin-induced, TNF-a-
mediated central nervous system toxicity.
Neurobiology of disease, 23(1), 127-139.

Ullah, I.; Ullah, N.; Naseer, M.1.; Lee, H.Y. and
Kim, M.O. (2012): Neuroprotection with
metformin and thymoquinone against
ethanol-induced apoptotic
neurodegeneration in prenatal rat cortical
neurons. BMC neuroscience, 13, 1-11.

Wang, Y.; Zhong, J.; Bai, J.; Tong, R.; An, F.;
Jiao, P. and Yan, J. (2018): The
application of natural products in cancer

therapy by targeting apoptosis pathways.
Current Drug Metabolism, 19(9), 739-
749.

Was, H.; Borkowska, A.; Bagues, A.; Tu, L.; Liu,
J.Y.; Lu, Z. and Abalo, R. (2022):
Mechanisms of chemotherapy-induced
neurotoxicity. Frontiers in pharmacology,
13.

Wei, L.-C.; Shi, M.; Chen, L.-W.; Cao, R.;
Zhang, P. and Chan, Y. (2002): Nestin-
containing cells express glial fibrillary
acidic protein in the proliferative regions
of central nervous system of postnatal
developing and adult mice. Develo-
pmental brain research, 139(1), 9-17.

Yakovlev, A.G. and Faden, A.l. (2001): Caspase-
dependent apoptotic pathways in CNS
injury. Molecular neurobiology, 24, 131-
144.

O89S padill g (il ga g M (Aseadl) N i AN Lo Al A Latl) Lpanl) Al
.Caspase 3 5 PARP s nestin 9 IBA1 5 iNOS <lisign aslall 335k

¢ Luw tano Jla o oSl e K gf ¢ Gladuw dgana ¢ paf dana d,u.f/ram;.tufﬁu
JM/J,@‘LLB(;JL“; ‘)@djﬂ/r@m@a/

Email: saharabdelrahman000@gmail.com  Assiut University website: www.aun.edu.eq

plaidll s (EPO) Gty sa5 Y olae S Alodl pslall o 81 (e a2 M1 e g ol slias (5.8 6153 (VCR) (oo Sl
Aga¥! e flaall LA cany 3500 dn lisSe aal (TQ) 0siS sl | allanll glas 8 o) jaadl <y S (3 5S30 ai )
Lans (8 Canll A0 G all Caags ()9S Sl o pa s et 31 (2 ye e Al dpnanll il ylacal) Gy (530 sauslil)
il Jaly Giall gl )3 sl z35e1 (8 VCR dan 22 TQ 5 EPO 2 daisall ouanll S8 il 5 gLl e VCR
el el 85508 Bl ) Al il diad Baad Ve gl @l je GG (aaS /6l e 5 S0 V0 4) VCR J (st
VCR s ¢ &b e 3 3e synaptophysin oe sl suedll (alisih Lissaaec iNOS 5 iBAL 5 nestin <l sl
eBl LS cplbal) A1) g ¢ oanamnl) Sl g el 3l Jia Ak gale dia ye At ) yat ae PARP s caspase 3 wd 2L ) 8
oalaail JMA e ALl il ypal (st e e gene & (pS jile sl 30 e S ¢ 5w TQ 5l EPO alaiinly o il #3e
ol (e a3, TQ S EPO of ) Agdlall il cuals 585 PARP 5 caspase 35 iINOS s iBAL s nestin ) < siwe

. TQ5 EPO 0 gead) i Latie Laal 5 (5,5l il (S ¢ elly e 3530 5 ¢ gall e VCR ) el oLl

185


mailto:saharabdelrahman000@gmail.com
http://www.aun.edu.eg/

