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ABSTRACT

Background: Methotrexate (MTX) is an anti-metabolite most commonly used in chemotherapy and immunosuppressant in
auto-immune diseases. It is one of the major choices to treat various types of cancers. Thymoquinone (TQ) is the principal
component of Nigella sativa (N. Sativa). It has prominent therapeutic actions as it possesses antiapoptotic, antioxidant,
antimicrobial, and, hepatoprotective activities.

Objective: This study aimed to clarify the possible effect of TQ on the histological changes of the cerebellar cortex of MTX
-treated adult male albino rats. In addition, to assess the restoration of the normal histological structure after cessation of MTX.
Materials and Methods: Thirty six adult healthy male albino rats were divided into four groups; group I (Control group),
group II (MTX group) received (0.5 mg/kg BW) MTX intraperitoneally (i.p.) twice a week for four weeks. Group III (MTX
and TQ group) received MTX intraperitoneally similar to (group II) in concomitant with TQ orally at a dose of (10 mg/kg
BW) dissolving in (1ml) distilled water daily for four weeks, and group IV (recovery group) received MTX intraperitoneally
similar to (group II) then left without treatment for 15 days. At the end of the experiment, all rats were anesthetized and
cerebellar specimens were obtained and processed for light and transmission electron microscope examination. Morphometric
and statistical analyses were also performed.

Results: During the experiment, MTX group showed gradual deterioration of the motor activities and a statistically significant
decrease in the body weight, Microscopic examination displayed shrunken Purkinje cells with darkly stained pyknotic nuclei.
Cresyl fast violet-stained cerebellar sections showed ill-defined purple Nissl granules in the perikarya of Purkinje cells and
other neurons.Immunohistochemical-stained sections for GFAP showed a strong positive reaction in the processes of astrocytes,
weak positive reaction for Bcl-2 in neuronal cytoplasm. MTX and TQ-treated groups showed no deterioration in their motor
activities. Most Purkinje cells had a pyriform shape, vesicular nuclei, and basophilic cytoplasm. Few Purkinje cells appeared
irregular and darkly stained. Signs of degeneration were still present in the cerebellar cortex of the recovery group.
Conclusion: The cerebella of MTX- treated albino rats showed evident structural alterations seen by light and electron
microscopes and also marked changes in the immunohistochemical reactions indicating its neurotoxicity. Co-administration of
TQ attenuated these changes more than cessation of MTX. This indicates TQ neuroprotective effect which can be considered
clinically.
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INTRODUCTION

nausea, vomiting, weight loss, infections, anemia,

Chemotherapy is a powerful form of drug therapy that
effectively destroys the body's rapidly proliferating cells.
It is mostly employed for lowering the overall number
of cancer cells, reduce the spread of cancer, reduce the
size of tumors, and decrease the signs and symptoms
already present. This makes it the best choice for various
cancer types.l" MTX is used to treat many types of cancer
including breast cancer, lung cancer, certain types of
lymphoma and leukemia. It treats cancer by slowing the
growth of cancer cells, but it has many side effects such
as: excessive bleeding, diarrhea, fatigue, loss of appetite,
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neuropathy, memory issues, concentration issues, skin
changes, fertility changes and neurotoxicity 1. These side
effects are equivalent to those of a folate shortage, thus
they can be avoided by supplementation of methotrexate
with folic acid. Neurotoxicity is one of the major MTX
adverse effects. On the other hand, it is effective in the
treatment of many autoimmune diseases ™.

The incidence and severity of MTX neurotoxicity
are principally related to its dose intensity and duration
of treatment®., MTX can induce oxidative stress,
mitochondrial swelling, cytochrome c release and an
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increase in caspase 9, causing apoptosis. Furthermore,
overexpression of pro-inflammatory factors such as nuclear
factor kappa B (NF-kB) and interleukin 6 (IL-6) indicates
MTX-induced inflammation!®.

Nigella sativa is a medicinal plant with strong traditional
background. N. sativa seeds contain fixed oil, essential oil,
alkaloids, proteins, and saponins. Its biologically active
molecules are thymoquinone, flavonoids, a-hederin,
antioxidants and fatty acids which are good for a healthy
well-being!®.  Antioxidant, anti-inflammatory, anti-
microbial, anti-epileptic, and anti-cancer properties are
only a few of its medicinal effects. It could be a treatment
for memory-affecting neurodegenerative diseases and brain
injury.”? Thymoquinone (TQ), the main component of
essential oil obtained from N. sativa seeds, has a wide range
of medicinal and pharmacological effects®.. The potential
of TQ against heavy metals, aflatoxins and carcinogens
that induced oxidative damage was confirmed. This
supports its use as a medication that has many applications
in medicine. It is systemically well-tolerated with a large
safety profile also; it has the potential to reduce systemic
toxicity and oxidative stress. It is an excellent option for
treating a variety of nerve lesions due to its less adverse
effects, availability, and reasonable price compared to
other synthetic drugs®. It was reported that TQ has a role
in cancer management via the activation and inactivation
of molecular cascades. It exhibits apoptosis of cancer cells
through activation of tumor-suppressor gene, inhibition of
transcription factor and inhibition of angiogenesis. Also, it
is considered as an anti-proliferative agent "l

Therefore, the purpose of the study was to determine
the effect of MTX on the histological structure of the
cerebellar cortex in adult male albino rats and to evaluate
the influence of concomitant TQ administration on the
histological changes and also to assess recovery after
cessation of methotrexate.

MATERIALS AND METHODS

Animals

Thirty six healthy adult male albino rats (14 -18 weeks),
ranging from -190-220 g- were used in this research. They
were housed in clean properly ventilated cages with free
access to food and water throughout the experiment.
Rats were randomly divided into four groups and were
given doses based on their body weight. This study
was performed in Medical Histology and Cell Biology
Department, Faculty of Medicine, Zagazig University. All
experimental procedures were approved and performed in
accordance with the guidelines for animal research issued
by the National Institute of Health and were approved by
the Animal Ethics Committee of the Faculty of Medicine,
Zagazig University, Egypt, (ZU-IACUC/3/F/27/2020).

Chemicals:

Methotrexate: was obtained in the form of injections
(50 mg/5ml) vial from Sandoz, Novartis scientific office.

Thymoquinone: was purchased from Sigma-Aldrich
in the form of yellowish crystalline powder (1g) which is
soluble in distilled water.

Experimental design:

Thirty six adult male albino rats were divided into four
groups:

* Control group (Group I): included 18 rats that were
subdivided into three equal subgroups (six rats each):

Subgroup Ia: rats were given no treatment.

Subgroup Ib: rats were given distilled water orally (as
avehicle for TQ) at a dose of (1 ml/kg BW) daily for four
weeks!.

Subgroup Ic: rats were given TQ orally at a dose of
(10 mg/kg BW) daily for four weeks via intragastric route,
freshly prepared by dissolving in (1ml) distilled water''l.

* MTX treated group (Group II): six rats were
intraperitoneally (i.p.) injected with MTX (0.5 mg/kg)
twice a week for four weeks['2.

* MTX and TQ treated group (Group III): six
rats were intraperitoneally (i.p.) injected with MTX (0.5
mg/kg) twice a week for four weeks!'?! in concomitant with
TQ orally at a dose of (10 mg/kg BW) daily for four weeks
using the intragastric route. It was prepared freshly by
dissolving in (1ml) distilled water!''J.

* MTX withdrawal group or recovery group (Group
IV): six rats were intraperitoneally (i.p.) injected with
MTX (0.5 mg/kg) twice a week for four weeks then left
without treatment for 15 days!'*.

Experimental procedure
General observations:

The rats were assessed daily for motor activity, general
health and the amount of food intake until the end of the
study.

Body Weight:

An electrical balance was used to weigh each rat
regularly (Sartorius Goetting type 140/AG, Berlin,
Germany) starting from the beginning to the end of the
experiment.
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At the end of the experiment, the animals in all groups
were anesthetized with an intraperitoneal injection of
thiopental sodium (50mg/kg)!'*.. The specimens from each
group were processed for light and transmission electron
microscopic study.

1) Light microscope:

After the chest wall was opened in rats processed for
light microscope, rats were perfused with 10% formol
saline. The skull was opened and the brain was removed.
The cerebellum was carefully dissected, then, a midsagittal
section of the cerebellar vermis was made, each cerebellum
was cut into two equal portions, the first of which was fixed
in 10% formaldehyde for light microscope examination
and the second of which was chopped into small pieces
(1 mm3) and rapidly fixed in 1% phosphate buffered
glutaraldehyde, then processed for electron microscope
study.

Light microscope examination:

After fixation, specimens were processed to obtain
paraffin blocks, then, sections of Spum thick were cut and
stained with:

a- Haematoxylin and Eosin (H&E) stain: as a routine
method for examining the cerebellar cortex's general
histological structure.

b- Cresyl fast violet stain: to demonstrate Nissl’s
substance in the cytoplasm of neurons.

c- Immunohistochemical stain: paraffin sections were
stained to test

* The protein expression of Glial Fibrillary Acidic
Protein (GFAP): to demonstrate the astrocyte activity.

* Bcl-2: sections were immune-stained using the
horseradish  peroxidase (HRP) polymer conjugate
technique; it is used as indicator for apoptosis.

2) Electron Microscope Examination:

Intracardiac perfusion in rats processed for electron
microscopy was carried out with 2.5% glutaraldehyde,
buffered in 0.1 ml phosphate buffer for 5 minutes for
partial fixation of the brain. The skull was opened and
the brain was removed. The cerebellum was excised and
a midsagittal section of the cerebellar vermis was made.
The cerebellar samples were rapidly removed and cut into
small pieces about (1mm?), fixed in 2.5% glutaraldehyde,
buffered in 0.1 ml phosphate buffer at 4°C and post-fixed
in 1% osmium tetroxide. Then, they were dehydrated
in ascending grades of alcohol, embedded in resin and
sectioned by ultramicrotome to prepare:

a- The thick sections (0.5-1um thick) were mounted
on glass slides and stained with toluidine blue. They were
used as a guide for ultra-thin sections.

b- The thin sections (ultra-thin sections) that were
examined under electron microscope.

Examination and photography were done by JEOL
JEM 1010 electron microscope in the Regional Center
of Mycology and Biotechnology (RCMB), Mansoura
University, Egypt.

3) - Image Analysis and Morphomertic study:
Included:

- The number of Purkinje cells in H&E- -stained
sections

- Optical density of cresyl fast violet staining
- The area percentage of GFAP
- The area percentage of Bcl-2 immunoreactivity.

Then, sections were morphometrically analyzed using
image analyzer computer system. Image analysis was done
using Leica Microsystems LTD (DFC 295) software image
analysis computer system (Germany) in the Dentistry
Research and Equipment Unit, Faculty of Dentistry, Cairo
University.

4)- Statistical analysis:

The morphometric data were analyzed using one-way
analysis of variance (ANOVA) for comparison between
the different groups (more than two groups) followed by
least significance difference test (LSD)!.

RESULTS

General Observations:

During the experiment, the animals of the control groups
subgroup (Ia, subgroup Ib, and subgroup Ic) showed an
excellent general health. with normal physical and motor
activity and good appetite and were awake and alert. Group
II (methotrexate-treated group), the animals suffered from
a progressive decrease in their appetites. They were weak
and lethargic. Their motor activity revealed considerable
deterioration during the experiment. On the other hand,
the rats which received both MTX and TQ showed better
general condition and motor activity than the methotrexate-
treated group. Animals of the recovery group revealed
slight gradual improvement in their motor activity and
appetites. They were weak and lethargic.
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Body weight:

Similar body weights and histological results of all
the control subgroups (Ia, Ib and Ic) were obtained, so
results of all subgroups were combined and interpreted as
a single control group for statistical analysis. There was a
statistically significant difference in body weight between
the different studied groups (p-value < 0.001) with the
highest weight in the control group (214+ 3.6) and the
lowest one in MTX treated group (192.33 + 4.04). MTX
&TQ treated group was (216 + 6.08) and the recovery
group was (204 £ 2.02). (Tables la &1b).

Mortality rate:

Four deaths occurred in the (methotrexate treated
group) and two deaths in the (recovery group). These rats
were excluded from the experiment.

B) Histological results:
A-Light microscope examination:
* Hematoxylin and eosin:

- Histological examination of cerebellar cortex
sections of subgroup Ia, Ib and Ic showed nearly the same
histological structure, so subgroup la was referred as the
control group. H&E-stained sections in the cerebellar
cortex of the control group showed normal architecture.
It was composed of three layers; an outer molecular layer
containing small stellate cells and basket cells, a middle
Purkinje cell layer containing a single row of Purkinje cells
and an inner granule cell layer containing numerous closely
packed granule cells with few Golgi cells (Figs. 1a & 1b).
The methotrexate-treated group showed vacuolations in
the molecular layer. Purkinje cell layer appeared disrupted,
shrunken and deeply stained. Other cells displayed total
degeneration with vacuolated cytoplasm and no nuclei. The
granule cell layer showed shrunken deeply stained granule
cells (Fig. 1c). Methotrexate and thymoquinone-treated
cerebellum showed small stellate cells and basket cells in
the outer molecular layer. In the middle layer, Purkinje
cells were arranged in a single row with pale vesicular
nuclei, prominent nucleoli and basophilic cytoplasm.
Bergmann astrocytes were seen loosely related to Purkinje
cells. The granule cell layer contained small granule cells
with deeply stained nuclei and Golgi cells with large pale
nuclei (Fig.1d).

- The cerebellum of the recovery group showed
persistence of cellular degeneration. Small stellate cells
and basket cells were detected in the molecular layer,
while in the Purkinje cell layer, some Purkinje cells, were
pyriform in shape with vesicular nuclei and prominent
nucleoli, but most cells appeared shrunken with deeply
stained nuclei. The granule cell layer consisted of granule
cells containing heterochromatic nuclei bordered by a thin

rim of cytoplasm. Golgi cells contained large pale nuclei
(Fig.1e).

* Cresyl fast violet:

- Sections of the control group revealed cytoplasmic
purple Nissl granules arranged as a ring around their nuclei
in Purkinje cells (Fig. 2a).

-Methotrexate treated group showed irregular densely
stained Purkinje cells with ill-defined cytoplasmic purple
Nissl granules (Fig. 2b).

- Methotrexate and thymoquinone treated group
showed purple Nissl granules arranged as a ring around the
nuclei of Purkinje cells (Fig. 2c).

- In the recovery group, purple Nissl granules were
noticed in the perikarya of some Purkinje cells, but most
cells were densely stained with ill-defined Nissel substance
(Fig. 2d).

Immunohistochemical stains:
» Immunoperoxidase reaction for GFAP:

- In the cerebellar cortex of the control group, the
astrocytes cytoplasm and processes showed positive
immunoreaction (Fig. 3a).

- In the methotrexate treated group, the cytoplasm and
processes of astrocytes in all layers of cerebellar cortex
displayed an increase in the intensity of positive reaction
for GFAP (Fig. 3b).

- Methotrexate and thymoquinone treated group
revealed positive immunoreaction in the cytoplasm and
processes of astrocytes in all layers of the cerebellar cortex
(Fig. 3¢).

- In the recovery group, there was an increase in
intensity and number of positive reaction in the cytoplasm
and processes of astrocytes in all layers of the cerebellar
cortex (Fig. 3d).

* The immunoperoxidase reaction for Bcl-2:

- In the control cerebellar sections, the cytoplasm of
Purkinje and basket cells showed strong positive reaction
(Fig. 4a).

- Methotrexate treated group revealed negative
cytoplasmic reaction for Bel-2 in most Purkinje cells and
basket cells (Fig. 4b).

- In the methotrexate and thymoquinone treated group,
a positive reaction was seen in the cytoplasm of some
Purkinje cells and Basket cells (Fig. 4c).
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- The recovery group revealed negative cytoplasmic
reaction for Bcl-2 in Purkinje cells and basket cells
(Fig. 4d).

* Examination of semithin sections stained with
toluidine blue:

- The control cerebellar cortex: Purkinje cell layer
with pyriform to rounded cells having large vesicular
nuclei and deeply basophilic cytoplasm containing Nissl
granules. Pale-stained Bergmann astrocytes were seen
closely related to Purkinje cells. In the granule cell layer,
granule cells appeared densely packed and have oval
nuclei with peripheral clumps of heterochromatin and a
thin rim of cytoplasm. The cerebellar islands (glomeruli)
appeared as rounded basophilic areas intertwined between
granule cells (Fig. 5a). Methotrexate treated group showed
molecular layer with small population of cells. Purkinje
cell layer contained irregular shrunken Purkinje cells
having dark nuclei and deeply stained cytoplasm with
decreased staining intensity for Nissl granules. Pale-
stained Bergmann astrocytes with irregular contours were
observed closely related to Purkinje cells. In the granule
cell layer, granule cells had slightly irregular nuclei with
peripheral heterochromatin clumps and a thin rim of
cytoplasm. Congested blood vessel was also observed
in granule cell layer (Fig. 5b). In methotrexate and
thymoquinone -treated group most purkinje cells appeared
pyriform to rounded having large vesicular nuclei with
prominent nucleoli. Nissl granules were intensely stained.
Pale-stained Bergmann astrocytes were seen closely related
to Purkinje cells. In the granule cell layer, granule cells had
oval nuclei with peripheral heterochromatin clumps and a
thin rim of cytoplasm (Fig. 5c). Recovery group showed
a molecular layer formed of nerve fibers and a small
population of cells. Purkinje cell layer contained irregular
shrunken Purkinje cells having darkly stained nuclei and
deeply stained cytoplasm whereas Nissl granules staining
showed decreased intensity of. Pale-stained Bergmann
cells with slightly irregular contours were seen closely
related to Purkinje cells. In the granule cell layer, some cells
contained a thin rim of cytoplasm with heterochromatic
nuclei and others appeared darkly stained with pyknotic
nuclei (Fig. 5d).

B-Transmission Electron Microscopic Examination:
Examination of ultrathin sections showed:

- The molecular layer of the control cerebellar cortex
contained intact myelinated nerve fibers of the molecular
layer (Fig. 6a).

- MTX-treated group showed some nerve fibers in the
molecular layer with intact myelin sheaths while others
showed separation of their myelin sheaths (Fig. 6b).

- Themolecularlayer of methotrexate and thymoquinone
treated group displayed intact myelinated nerve fibers
(Fig. 6¢).

- The cerebella of the recovery group exhibited that
degenerative changes were still present. Most nerve
fibers of molecular layer appeared myelinated and intact
(Fig. 6d).

- Purkinje cells of the control group contained
euchromatic nuclei and electron dense cytoplasm contained
multiple mitochondria. The glial cells (Bergmann
astrocytes) were seen closely related to Purkinje cells and
appeared with euchromatic nucleus (Figs. 7a).

- Purkinje cells of the MTX-treated group were
irregular and contained dark nuclei enclosed in irregular
pleated nuclear membranes .The cisternae of the rough
endoplasmic reticulum were dilated (Fig. 7b).

- The outlines of Purkinje cells of the recovery group
were still irregular. Their nuclei were shrunken with
prominent nucleoli and irregular and crinkled membranes
. In the cytoplasm Golgi apparatus saccules and dilated
cisternae of rough endoplasmic reticulum were seen
(Fig. 7d).

- The granule cell layer of the MTX-treated group
showed different degrees of degeneration of granule cells.
Some cells had rounded regular nuclei with clumped
heterochromatin.others were shrunken with dark shrunken
nuclei containing clumped heterochromatin. Other cells
appeared small with dark pyknotic nuclei and vacuolated
cytoplasm. Neuroglia cells mostly-oligodendroglia-
contained electron-dense cytoplasm and heterochromatic
irregular nuclei. Distorted and dissociated myelin sheaths
of the nerve fibers were also observed (Fig. 8b).

- The methotrexate and thymoquinone treated group
showed most granule cells with heterochromatic nuclei
bordered by a thin rim of cytoplasm containing multiple
mitochondria and free ribosomes. The other granule cells
looked smaller with shrunken darkly stained nuclei. A
glial cell-mostly oligodendroglia -with a heterochromatic
nucleus and dense cytoplasm was observed. A nerve fiber
with intact myelination was also observed. (Fig. 8c).

- Granule cells in the granule cell layer of the recovery
group showed heterochromatic nuclei and a thin rim of
cytoplasm. A neuroglia cell -mostly oligodendroglia-was
also observe electron-densen dense cytoplasm. Disrupted,
dissociated myelin sheaths of the nerve fibers were visible
(Fig. 8d).
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C) Morphometric Results:
Mean number of Purkinje cells:

By using one way ANOVA test, statistical analysis
of the mean value of Purkinje cells number revealed
statistically significant difference among the different
studied groups as the P value < 0.001"™ with the highest
number in the control group (15.078+1.25) and least one
in the MTX treated group (4.38 +0.988). Least significance
difference was calculated for comparison between the
five groups and revealed statistically significant increase
in number of Purkinje cells in (control group) compared
to group II (MTX treated) and group IV(Recovery) while
there was no significant difference between the control
group and group III (combined MTX&TQ). In addition,
a statistically significant decrease in the mean number of
Purkinje cells was recorded in group II (MTX treated)
and group IV (Recovery) compared to the other groups.
On the other hand, there was non-significant difference
between group II (MTX treated) and group IV (Recovery)
(Tables 2a, 2b).

Optical Density of cresyl fast violet staining:

By using one way ANOVA test, statistical analysis
of the mean value of optical density of cresyl fast violet
staining revealed statistically significant difference among
the studied groups as the P value < 0.001"" with the highest
level in the control group (60.34+1.78) and lowest one in
the MTX treated group (40.71£1.77). Least significance
difference was calculated for comparison between the
five different groups and revealed statistically significant
increase in density in (control group) compared to group
II (MTX treated) and group IV (Recovery) while there
was no significant difference between control group and
(MTX&TQ treated group). Also, statistically significant
decrease in optical density level in group II (MTX
treated) and group IV (Recovery) compared to the other
groups. However, there was non-significant difference
between group II (MTX treated) and group IV (Recovery)
(Tables 3a, 3b).

Area% of GFAP Immune reaction:

By using one way ANOVA test, statistical analysis of
the mean value of area% of GFAP revealed statistically
significant difference among the different studied groups
as the P value < 0.001" with the highest level in MTX
treated group (39.36+7.93) and lowest level in control
group (9.71+3.78). Least significance difference (LSD)
was calculated for comparison between groups and
revealed statistically significant decrease in GFAP level
in (control group) compared to group II (MTX treated)
and group IV (Recovery) while there was no significant
difference between control group and group II (MTX
&TQ treated). Also, statistically significant increase in
GFAP level in group II (MTX treated) when compared
with the other groups (Tables 4a, 4b).

Area% of Bcl-2 Immune reaction:

Statistical analysis of the mean value of area % of Bcl-
2 immune reaction using one way ANOVA test revealed
statistically a significant difference among the different
studied groups as the P value < 0.001"™ with the highest
level in the control group (27.28+8.25) and the lowest level
in MTX-treated group (2.42+0.68). The least significance
difference was calculated for comparison between the
five studied groups and revealed a statistically significant
increase in Bcl-2 level in (control group) compared to
group II (MTX-treated) and group IV (Recovery group)
while there was no significant difference between the
control group and group III MTX& TQ treated). Also,
a statistically significant decrease in Bcl-2 level in group
II (MTX-treated) and group IV (Recovery) compared to
the other groups. However, there was a non-significant
difference between group II (MTX-treated) and group IV
(Recovery) (Tables Sa, 5b).

Table (1) a: Comparing weight of rats among the studied groups.

Groups Mean+SD Mean+SD F- test P-value
Initial body weight Weight at the end of experiment

Control group 201+3.741 214+ 3.6

MTX treated group 198.7+5.71 192.33 £ 4.04 265.58 <0.001™"

MTX&TQ treated group 196.8+5.91 216 £6.08

Recovery group 203.7+10.21 204 £2

F-test=ANOVA test
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Table (1) b: LSD for comparison between groups:

Control group MTX treated group MTX&TQ treated group ~ Recovery group
MTX treated group <0.001™ <0.001™" NS
MTX &TQ treated group NS <0.001™ <0.05"
Recovery group <0.001™ NS <0.05
LSD=least significance difference
" P< 0.001 Highly statistically significant difference
* P>0.05 Statistically significant difference
NS P>0.05 No statistically significant difference
Table (2) a: comparing mean number of purkinje cells among different groups:
Groups Mean+SD F P value
Control group 15.078£1.25
Methotrexate treated group 4.38 £0.988 36.58 0.001"
Methotrexate+ thymoquinone treated group 12.769+0.79
Recovery group 9.692+0.862
F-test=ANOVA test
Table (2) b: LSD for comparison between groups:
Control group MTX treated group MTX&TQ treated group Recovery group
MTX treated group <0.001™ <0.001™ NS
MTX &TQ treated group NS <0.001™ <0.05"
Recovery group <0.001™ NS <0.05"
LSD=least significance difference
" P< 0.001 Highly statistically significant difference
* P>0.05 Statistically significant difference
NS P >0.05 No statistically significant difference
Table (3) a: comparing optical density of cresyl fast violet staining between the different studied groups:
Groups mean+SD F Pvalue
Control group 60.341.78+
Methotrexate treated group 40.711.77«
Methotrexate& thymoquinone treated 58.132.06+ 144.23 <0.001*
Recovery group 42.961.91+
F-test=ANOVA test
Table (3)b: LSD for comparison between groups:
Control group MTX treated group MTX&TQ treated group  Recovery group
MTX treated group <0.001™ <0.001™ NS
MTX&TQ treated group NS <0.001™ <0.05"
Recovery group <0.001™ NS <0.05"

LSD=least significance difference

P <0.001 Highly statistically significant difference
P <0.05 Statistically significant difference

NSP >0.05 No statistically significant difference
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Table (4) a: comparing Area% of GFAP immune reaction among the studied groups:

Groups Mean+SD F-test P-value
Control group 9.71£3.78
Methotrexate treated group 39.36+7.93 45.24
Methotrexate& thymoquinone treated group 12.19+3.34 <0.0017
Recovery group 22.73+1.8
F-test=ANOVA test
Table (4)b: LSD for comparison between different groups:
Control group MTX treated group MTX&TQ treated group  Recovery group
MTX treated group <0.001™ NS NS
MTX&TQ treated group NS NS <0.05"
Recovery group <0.001™ <0.05" <0.05
LSD=least significance difference.
**P <(0.001 Highly statistically significant difference
*P <(0.05 Statistically significant difference
NSP >0.05 No statistically significant difference
Table (5) a: comparing Area % of Bel-2 levels among the different studied groups:
Groups Mean+SD F-test P-value
Control group 27.28+8.25
Methotrexate treated group 2.4240.68
Methotrexate& thymoquinone treated group 18.27+6.11 19.06 <0.001%*
Recovery group 8.34+3.12
F-test=ANOVA test
Table (5)b: LSD for comparison between groups:
Control group  MTX treated group MTX&TQ treated group  Recovery group
MTX treated group <0.001™ <0.001* NS
MTX&TQ treated group NS <0.001™ <0.05"
Recovery group <0.001™ NS <0.05"

LSD=least significance difference

™ P<0.001 Highly statistically significant difference
* P>0.05 Statistically significant difference

NS P >0.05 No statistically significant difference
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Fig. 1a: A photomicrograph of a section in the cerebellum of the control group showing cerebellar folium covered by pia mater
(PM) and has outer cortex; grey matter (GM) and an inner medulla; white matter (WM). Cortex is formed of three layers; outer
molecular layer (ML), middle Purkinje cell layer (PL) and inner granule cell layer (GL). (H& E x 100 - scale bar 20 pm).
Fig.1b: Control cerebellar cortex showing nerve cells of the molecular layer (ML); small stellate cells (sc), they are elliptical
in shape with scanty cytoplasm and occupied almost entirely with rounded nucleus and basket cells (bc) which are round with
large oval nucleus. The middle Purkinje cell layer (PL) consists of a single row of large pear shaped cells Purkinje cells (P)
with pale vesicular nuclei and basophilic cytoplasm. Bergmann astrocytes (double arrows) are seen closely related to Purkinje
cells. The granule cell layer (GL) consists of numerous small closely packed granule (G) cells with deeply stained nuclei and
Golgi cells (arrow) which are large with vesicular nuclei. Glomeruli (cerebellar islands) (stars) are observed as acidophilic areas
intertwined between granule cells (H&Ex400 - scale bar 10 um).
Fig. 1c: MTX treated cerebellar cortex showing molecular layer with multiple vaculations (stars). Blood vessel (BV) is also
observed in the molecular layer. Purkinje cell layer (PL) is disrupted. Shrunken deeply stained Purkinje cells (arrows) with deep
homogenous cytoplasm and absence of Nissl granules with pyknotic nuclei are seen. In the granule cell layer (GL), the granule
cells appear shrunken and deeply stained (curved arrow). (H & E x 400- scale bar 10 um).
Fig.1d: MTX and TQ treated group cerebellar cortex showing nerve cells of the molecular layer (ML); small stellate cells
(sc) which are elliptical in shape with scanty cytoplasm and occupied almost entirely with rounded nucleus & basket cells
(bc) which are round with large oval nucleus. The middle Purkinje cell layer (PL) consists of a single row of large pear
shaped cells Purkinje cells (P) with pale vesicular nuclei, prominent nucleolus and basophilic cytoplasm. Bergmann astrocytes
(double arrows) are seen closely related to Purkinje cells. Granule cell layer (GL) contains densely populated small granule
cells with deeply stained nuclei and thin rim of cytoplasm. Golgi cell (curved arrow) with pale nucleus is also observed

(H & E x 400- scale bar 10 pm).
Fig.1e: Cerebellar crtex of the recovery group showing nerve cells in the molecular layer (ML); small stellate cells (sc) occupied
almost entirely with rounded nucleus and basket cells (bc) with large oval nucleus. Purkinje layer (PL) contains some Purkinje
cells (arrow) pyriform in shape with vesicular nuclei and prominent nucleoli, but most cells appear shrunken with deeply
stained nuclei (arrow head). The granule cell layer (GL) consists of granule cells (G) with heterochromatic nuclei. A golgi cell
(curved arrow) appear with large pale nucleus. (H & E % 400- scale bar 10 um).
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Fig. 2a: Examination of cresyl fast violet stained cerebellar sections of the control group showing purple Nissl granules in the

cytoplasm of Purkinje cells that appear as a ring around their nuclei (arrow).

Fig. 2b: Methotrexate-treated group showing irregular densely stained Purkinje cells with ill-defined purple Nissl granules in
(arrow).

their perikarya
Fig. 2¢: Methotrexate and thymoquinone-treated group showing purple Nissl granules in the perikarya of Purkinje cells (arrow).

Fig. 2d: In the recovery group, purple Nissl granules in the perikarya of some Purkinje cells (arrowhead) are noticed,

but most cells are densely stained with ill-defined Nissel’s substance in the perikarya of Purkinje cells (arrow).
(Cresyl fast violetx 400- scale bar 10 pm).
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Fig. 3a: Immunoperoxidase reaction for GFAP of the control group shows positive immunoreaction in the cytoplasm and
processes of astrocytes in the cerebellar cortex (arrow).
Fig.3b: In the methotrexate treated group, there is increase in the intensity of the positive reaction for GFAP in the cytoplasm
and processes of astrocytes in all layers of the cerebellar cortex (arrow).
Fig.3c: Immunoperoxidase reaction for GFAP of methotrexate and thymoquinone treated group reveals a positive immunoreaction
in the cytoplasm and processes of astrocytes in layers of cerebellar cortex (arrow).
Fig. 3d: In the recovery group, an increase in the intensity and number of positively reacting cells in the cytoplasm and
processes of astrocytes in all layers of cerebellar cortex are seen (arrow). (Immunoperoxidase reaction for GFAP x 400- scale
bar 10 um).
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Fig. 4a: The immunoperoxidase reaction for Bcl2 of the control cerebellar sections showing a strong positive reaction in the

cytoplasm of Purkinje and basket cells (arrow).
Fig.4b: Methotrexate-treated group reveals a negative reaction for Bcl-2 in the cytoplasm of most Purkinje cells and basket cells

(arrow).
Fig. 4c¢: In methotrexate and thymoquinone-treated group, a positive reaction in the cytoplasm of some Purkinje cells and
Basket cells (arrow) is seen.
Fig. 4d: Bcl-2 immunoperoxidase reaction of the recovery group reveals a negative reaction for Bcl-2 in the cytoplasm of
Purkinje cells and basket cells (arrow). (Immunoperoxidase reaction for Bcl-2 x 400- scale bar 10 um).
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to rounded Purkinje cells (arrows) having large vesicular nuclei and dark blue cytoplasm. Pale-stained Bergmann astrocytes
(B) are seen closely related to Purkinje cells. In the granule cell layer (GL), granule cells (curved arrow) appear densely packed
and have oval nuclei with peripheral clumps of heterochromatin and a thin rim of cytoplasm. The cerebellar islands (glomeruli)
(stars) appear as rounded basophilic areas intertwined between granule cells.

Fig. 5b: A photomicrograph of a semithin section in the MTX-treated cerebellar cortex showing the molecular layer (ML).
Purkinje cell layer (PL) contains irregular shrunken Purkinje cells (arrows) having dark stained nuclei and dark-stained
cytoplasm with decreased intensity of Nissl's granules stain. Pale-stained Bergmann astrocytes (B) with irregular contour are
seen closely related to Purkinje cells. In the granule cell layer (GL), granule cells (arrow head) appear having slightly irregular
nuclei with peripheral clumps of heterochromatin and surrounded with thin rim of cytoplasm. Congested blood vessel (BV) is
also observed in granule cell layer.

Fig. Sc: A photomicrograph of a semithin section in MTX and TQ-treated cerebellar cortex showing a blood vessel (BV) that
is noticed in the molecular layer (ML). Most Purkinje cells (arrow) appear pyriform to rounded having large vesicular nuclei
(N) with prominent nucleoli and deep-stained cytoplasm. Purkinje cell with irregular outlines is also seen (zigzag arrow).
Pale-stained Bergmann astrocytes (B) are seen closely related to Purkinje cells. In the granule cell layer (GL), granule cells
(arrowhead) have oval nuclei with peripheral clumps of heterochromatin and a thin rim of cytoplasm. The cerebellar islands
(glomeruli) (stars) appear intertwined between granule cells.

Fig. 5d: Recovery group showing molecular layer (ML) formed of nerve fibers and small population of cells. Purkinje cell layer
(PL) contains irregular shrunken Purkinje cells (arrow) having dark stained nuclei and dark stained cytoplasm with decreased
intensity of Nissl's granules. Pale-stained Bergmann astrocytes (B) with slightly irregular contours are seen closely related to
Purkinje cells. In the granule cell layer (GL), some granule cells appear with heterochromatic nuclei and a thin rim of cytoplasm
(arrowhead). The cerebellar islands (glomeruli) (stars) appear entangled between granule cells. (Toluidine blue x1000- scale
bar 30 um).
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Fig. 6a: Transmission electron micrograph of an ultrathin section in the control cerebellar cortex of the molecular layer showing
intact myelinated nerve fibers (Nf) of the molecular layer.

Fig. 6b: Ultrathin sections of the MTX-treated group showing some nerve fibers in the molecular layer with intact myelin
sheath (Nf) while others show separation of their myelin sheaths (arrow).

Fig. 6¢c: Methotrexate and thymoquinone-treated group showing the molecular layer with intact myelinated nerve fibers (Nf).
Fig. 6d: Examination of ultrathin sections in the cerebellar cortex of the recovery group showing that some nerve fibers have
degenerative changes (arrow). Most nerve fibers of the molecular layer are myelinated and intact (Nf).
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Fig.7a: Transmission electron micrograph of an ultrathin section in the control cerebellar cortex showing Purkinje cell (P) with
euchromatic nucleus (N) and electron dense cytoplasm contains multiple mitochondria (m). Bergmann astrocyte (arrow) is seen
closely related to Purkinje cell and contain euchromatic nucleus.

Fig.7b: Purkinje cell (P) of MTX-treated group shows irregular outline. The nucleus (N) is dark and irregular. The nuclear
membrane (arrow) is indented and creased. Cytoplasm contains dilated cisternae of rough endoplasmic reticulum (RER).
Fig.7c: Methotrexate and thymoquinone treated group showing Purkinje cell (P) with more or less regular contour and large
euchromatic nucleus (N). Nuclear membrane (arrow head) appears slightly irregular. The cytoplasm contained dilated cisternae
of rough endoplasmic reticulum (RER) and Golgi apparatus saccules (arrow).
Fig.7d: Purkinje cell (P) of the recovery group appears with irregular contour. The nucleus (N) appears shrunken with a
prominent nucleolus. The nuclear membrane (arrowhead) is irregular and creased. Cytoplasm had dilated cisternae of rough
endoplasmic reticulum (RER). Blood vessel (BV) is also present.
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]

Fig. 8a: The granule cell layer of the control group shows small numerous granule cells (G) having oval euchromatic nuclei
(N) with heterochromatic clumps. The cytoplasm has multiple free ribosomes (zigzag arrow) and mitochondria (m). A glial
cell mostly oligodendrocyte (Ng) appears with electron-dense cytoplasm. The surrounding neuropil contains islands of
interconnected myelinated (Nf) and unmyelinated nerve fibers (arrow).
Fig. 8b: The granule cell layer of MTX-treated group shows shrunken granule cell (G) with pyknotic nucleus and vacuolated
cytoplasm (arrow). Neuroglia cell (Ng) contains dark heterochromatic nucleus (N).

Fig. 8c: Methotrexate and thymoquinone treated group showing most granule cells (G) with oval nuclei (N) and thin rim
of cytoplasm containing free ribosomes (curved arrow). Other granule cells (arrow) appear smaller and have shrunken dark
stained nuclei.

Fig. 8d: Granule cell in the granule cell layer of recovery group appears between neuroglia cells (Ng) mostly oligodendroglia
that have heterochromatic nuclei (N) electron dense cytoplasm. Disrupted, dissociated myelin sheath of nerve fiber (arrow) is
noticed.
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DISCUSSION

Methotrexate (MTX) is a cytotoxic medication used in
several tumor types and also advised in many inflammatory
diseases. GIT upsets, alopecia, bone marrow depression
and neurotoxicity are its most common adverse effects!'?.
In the current study, MTX was taken intraperitoneally
at a dose of 0.5 mg/kg twice a week. This dose causes
oxidative stress and ROS liberation!'”. Since the central
nervous system is extremely vulnerable to attacks by ROS,
oxidative stress may result in membrane breakdown and
cellular dysfunction with MTX treatment when free radical
production exceeds the capacity of antioxidant defense!!”.

In the current work, estimation of body weights of rats
revealed a statistically significant difference in the body
weight between studied groups with the highest weight
in the control group and the lowest one in MTX treated
group. MTX-treated group showed a highly statistically
significant decrease in body weight as compared to the
control group. Similar results were reported in previous
studies!' "2, Saline-treated rats were found to continue
gaining weight over a 4-week period compared to rats that
received CMF (cyclophosphamide, MTX, 5-Fluorouracil).
This suggests that cytotoxic drugs might influence
gastrointestinal function. MTX-induced weight loss could
be related to its emetogenic effect, associated vomiting and
gastrointestinal toxicity which lead to decreased appetite®.
Rats of the recovery group in the current study revealed
slight gradual improvement in the motor activity. In a
previous study, during the treatment period, the general
physical activity was significantly decreased in the CMF
(cyclophosphamide, MTX,5-Fluorouracil) group as
compared to the saline group!, but when the drugs were
discontinued fatigue decreased, indicating that fatigue
symptoms are brought on by cytotoxic drugs. It was also
reported that motor coordination is affected when Purkinje
cells are lost, so motor activity of MTX-treated rats was
hampered during Purkinje cell neurodegenerative stages!!l.
In this work, TQ co-administration with MTX showed no
deterioration of motor activity throughout the experiment.
In a preceding study, rats receiving TQ provided substantial
protection against motor impairments, and its antioxidant
activity may have a protective impact.*?

H&E-stained sections from albino rats’ cerebellar
cortex of MTX-treated group showed vacuolated neuropil
of the molecular layer. Statistically, this was proved by
significant decrease in Purkinje cells number in MTX
treated group when compared to other groups. These
findings were attributed to the effect of MTX as it increases
inflammation, edema and causes tissue necrosis®!. In
addition, Purkinje cells appeared shrunken and deeply
stained with pyknotic nuclei in MTX treated group; MTX
was reported to cause severe cerebellar cortex damage and
Purkinje cell loss®¥. In MTX- treated group, some granule
cells appeared shrunken with dark stained nuclei. This was

referred to the fact that granule cells have a developmental
dependency on Purkinje cells as they are their synaptic
target, so, Purkinje cells loss may lead to subsequent
granule cell death?!.

Purkinje cell layer showed large pear shaped Purkinje
cells arranged in a single raw. Their cytoplasm was
basophilic containing pale vesicular nuclei with prominent
nucleoli. Granule cell layer contained densely populated
small granule cells with deeply stained nuclei surrounded
by a thin rim of cytoplasm. Golgi cell with a large pale
nucleus was also observed. These results were consistent
with those of a previous study in which the authors reported
that TQ treatment in rats resulted in decreasing the number
of destroyed Purkinje cells and an increase in the number
of molecular cells and granule cells??..

Thymoquinone was found to have a potential effect
in preventing apoptosis by regulating mitochondrial
pathway?”. This effect was related to the down regulation
of caspase-3, cytochrome-c, cleaved caspase-9 and
upregulation of Bcl-2. Bcl-2 protein family plays an
important role in apoptotic signal transduction by regulating
mitochondrial function. Administration of TQ together
with MTX can reverse the adverse effects of MTX on the
redox state!® reported that TQ can scavenge superoxide
(02 —-) and hydroxyl radicals (OHe), suppress mRNA
expression of the inducible nitric oxide synthase (iNOS)
enzyme and enhance the antioxidant enzymes’ genes
expression, such as catalase (CAT) and glutathione-S-
transferase. TQ compounds can act as free oxygen radicals
scavengers, increase antioxidant genes expression, such
as GSH transferase, GPx, and CAT and inhibite inducible
nitric oxide synthase (iNOS) enzyme expression with
subsequent inhibition of NO, as well as cyclooxygenase-II
and 5-lipoxygenase enzymes production'®. Furthermore,
TQ's high antioxidant abilities were attributed to its
structural resemblance to ubiquinone, a natural electron
carrier in mitochondria®’l.

H&E stained sections from adult male albino rats’
cerebellar sections of recovery group showed that some
Purkinje cells appeared pyriform with vesicular nuclei
and prominent nucleoli, but most cells appeared shrunken
with deeply stained pyknotic nuclei. The granule cell layer
consists of cells with dark stained nuclei. Generally, signs
of cerebellar cortex degeneration were still present, but
were less noticeable as those in the MTX-treated group.
The toxic cerebellar syndrome caused by MTX and was
studied and the authors reported that cerebellar dysfunction
symptoms continue up to six months after discontinuation
of MTX. These results were morphometrically and
statistically proved as the recovery group showed a
significant decrease in the mean number of Purkinje cells
when compared to the control groupt!l.
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In the present study, the cresyl fast violet stained
sections of MTX-treated group showed ill-defined purple
Nissl’s granules in the perikarya of Purkinje cells. This was
proved by the significant difference in the optical density
of staining of this group when compared with the control
group. This was similar to the findings of a previous
study®¥. This reduction was attributed to the substantially
reduced Nissl granules by rough endoplasmic reticulum
fragmentation and dilation®. Moreover, the dilatation of
RER was explained by as it was considered as cellular
changes preceding apoptosis induced by MTXI"3,

On the other side, the cresyl fast violet stained sections
of the MTX and TQ treated group showed well-defined
purple Nissl granules which appeared as a ring around the
nuclei of the Purkinje cells. The concomitant administration
of TQ to MTX led to improvement in neuronal function
due to oxidative stress suppression, attenuating
neurodegeneration, and increased production of ribosomal
subunits!''). These results were also statistically proved as
there was no significant difference regarding the optical
density of the staining intensity between the MTX and TQ
treated group compared to the control group. These findings
were attributed these results to TQ anti-inflammatory and
immunomodulatory protective effects!'").

Cresyl fast violet stained section of recovery group
revealed ill-defined purple Nissl granules in Purkinje cells
perikarya, which was statistically proved by significant
decrease in the optical density of cresyl fast violet staining
when compared to control group indicating that signs of
MTX induced oxidative stress still present despite cessation
of treatment. In agreement, Yousef ez al., 2019!"*! reported
that signs of parotid degeneration in MTX withdrawal
group were still present.

In this current work, immuneperoxidase reaction of
GFAP was used as it is the predominant intermediate
filament in mature astrocytes. Its onset is a marker for
astrocyte development and its up regulation is a marker for
reactive gliosist.

In the present work, the immunoperoxidase reaction
for GFAP of the MTX-treated group showed an intense
strong positive reaction in the astrocytes processes when
compared to the control group. These findings were
morphometrically and statistically proved as there was a
significant increase in GFAP immunoreaction area percent
in MTX treated group when compared with the control
group. The intense positive immunoreactive expression of
GFAP in the cerebellum of the MTX-treated group was
previously described and mentioned that it is released
only after cell death or injury®**. It was also stated that
gliosis which occurred secondary to drug injury was due
to astrocytes activation as a response following neuronal
degenerationl*l.

In the present work, immunoperoxidase reaction for
GFAP of MTX and TQ treated group showed a weak
positive reaction in the astrocytes processes as compared to
the MTX treated group. This was proved statistically by the
significant decrease in GFAP immunoreaction area percent
in MTX and TQ treated group as compared to MTX-treated
group. Moreover, it was declared that N. sativa seeds
extracts had anti-inflammatory effects on the primary glial
cells revealed that N. sativa administration resulted in a
decreased reactive astrocytes number in experimentally
autoimmune encephalomyelitis-induced rats. The N. sativa
seed oil contains potent anti-inflammatory compoundst”
38391 Furthermore, it was recorded that co-administration
of TQ with ACR produced a marked decrease in the
GFAP content. This is explained by antioxidant activity of
thymoquinone against astrocyte damage!®?.

In this current study, GFAP-stained sections of the
recovery group revealed a strong positive immunoreaction
in the cytoplasm and processes of astrocytes. This was
verified statistically by a high significant difference
between the recovery group and the control group regarding
the mean area percentage of GFAP-immunoreaction,
indicating that signs of MTX-induced oxidative stress
were still present despite cessation of treatment. It was
recorded that architecture disturbance did not stop after
MTX withdrawalt?.,

Bcl-2 plays major roles in the inhibition of the intrinsic
apoptotic pathway. Therefore, in this study, Bcl-2 was used
as an antiapoptotic marker. Apoptosis is caused mainly by
the upregulation of Bax , the pro-apoptotic protein, and the
downregulation of the antiapoptotic Bcl-2 proteins.Bcl-2
which is essentially located in the mitochondria*'l. The
mRNA expression of Bel-2 is also tightly correlated with
the expression of genes involved in ROS production and
detoxification?.

Immuneperoxidase reaction for Bcl-2 in MTX treated
group revealed weak positive immunoreaction in cerebellar
cortex. This was statistically proved by the high significant
difference between MTX treated group when compared
to control group. It was found that there is a negative
regulation of the Bcl-2 gene in MTX treated hepatic
tissues(*.

The current study proved that TQ co-administration
with MTX caused an increase in Bcl2 reaction in cerebellar
cortex of MTX and TQ treated group. This result could
be explained by the effect of TQ which minimizes the
inflammation and the apoptosis process, and its potential
impact on the preservation of cerebellar architecture.
This finding was statistically verified by the significant
increase in Bcl-2 reaction area percentage as compared to
MTX -treated group. A former study demonstrated that
anti-apoptotic Bcl-2 was enhanced by TQ, so, neuronal
apoptosis was prevented by increasing the anti-apoptotic

107



Journal of Medical Histology

Bcl-2 protein expressiont*?. It was also reported that
TQ enhanced the expression of Bcl-2 and decreased
Bax level™!. It was also reported that Bax/Bcl2 ratio
significantly decreased when TQ was co-administered with
acrylamide (ACR) in comparison with ACR-treated ratsi*2.

In the current study, the recovery group revealed a weak
positive reaction for Bcl-2 in the cytoplasm of nerve cells.
There was no significant difference between this group and
MTX treated group regarding the mean area percentage
of Bcl-2 immunoreaction indicating that signs of MTX-
induced oxidative stress are still present. Examination
of parotid sections in MTX self-healing group revealed
disturbed architecture when compared with the protected
group receiving antioxidant drugt'?!.

Ultrathin sections of the group treated with MTX
showed changes in the neuronal structure of Purkinje
cells. They showed a reduction in treated size, increased
cytoplasmic density with vacuolated areas, and dilatation
of RER The nucleus had an irregular indented nuclear
envelope and contained condensed chromatin Another
study showed that chromatin of Purkinje cell nucleus
was fragmented. Their cytoplasm was vacuolated and
contained dilated RER and swollen mitochondrial*’l. These
nuclear alterations were attributed to the antimitotic effect
of MTXM. Similar description of these results in MTX-
treated rats was mentioned *2. The same authors came to
the conclusion that methotrexate is neurotoxic because it
significantly altered the ultrastructure of adult male albino
rats' cerebella.

Ultrathin sections of MTX treated group revealed
some shrunken granule cells with dark stained nuclei,
chromatin condensation and vacuolated cytoplasm. These
vacuolations might be due to mitochondrial swellingt*®.
Another explanation referred these vacuolations to lipid
droplets accumulation. These fat droplets resulted from
cellular dysfunction and they might coalesce together
forming a large vacuole!'®.

Ultrathin sections of MTX treated group showed
that some nerve fibers of the molecular and granule cell
layers showed distortion and dissociation of the myelin
sheath. These findings were referred to the persistent
dysregulation of oligodendrocytes precursor cell (OPC)
population dynamics inhibiting oligodendrogenesis and
subsequently leads to demyelination™*”. Another theory
was that systemic doses of MTX can cause a long-term
decline in the number of oligodendrocytes and a reduced
capacity to replenish myelin turnover, which in turn causes
a reduction in the degree of myelination®”.

Inthe currentstudy, the electron microscope examination
of MTX and TQ treated group revealed Purkinje cells with
euchromatic nuclei and rough endoplasmic reticulum
cisternae, mitochondria, and some dilated saccules

of perinuclear Golgi. Granule cells contained oval
heterochromatic nuclei surrounded by a shell of cytoplasm
with free ribosomes and mitochondria. In a previous study,
attenuation of the ultrastructural apoptotic changes were
observed in the cerebral cortex of Tramadol + Nigella
sativa treated rats compared to tramadol treated group. The
same author added that most neurons and axons appeared
normal with intact mitochondria and rough endoplasmic
reticulumP". These findings showed that TQ and N. sativa
oil prevented cellular apoptosis brought on by tramadol.

These results were also in accordance with®® in which
it was reported that rats treated with TQ revealed minimal
histopathological and ultrastructural changes compared
with control group. This happens because TQ is a potent
antioxidant and free radical scavenger.

Examination of ultrathin sections of the cerebellar
cortex of the recovery group showed disruption of
myelinated nerve fibers. Purkinje cell had a shrunken
irregular nucleus. Its cytoplasm contained dilated RER
and numerous cytoplasmic vacuolation. Granule cells
appeared with shrunken nuclei. Shrunken glial cells with
small necrotic nuclei were observed. Generally, signs
of cerebellar cortex degeneration were still present but
were less evident than those in the MTX treated group.
In another study, the parotid in MTX self-healing group
had a markedly disturbed architecture when compared
with the group receiving the antioxidant drug!'®!. This
was explained by the oxidative stress caused by MTX.
As oxidant/antioxidant imbalance which resulted causes
lipid peroxidation with subsequent organelles and cell
membrane lysis.

CONCLUSIONAND RECOMMENDATION:

In conclusion, MTX caused extensive histological,
immunohistochemical and ultrastructural alterations in
the cerebellar cortex of adult male albino rats establishing
its neurotoxicity. Spontaneous recovery from those
changes was inadequate. However, co-administration of
TQ reduced these alterations proving its neuroprotective
action. These experimental results are recommended and
should be taken into consideration after accurate studies to
estimate the appropriate doses, the target disease and the

suitable patient to alleviate MTX neurodegeneration.
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