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ABSTRACT

Cyclosporin A is an immunosuppressive agent used to treat organ rejection post-
transplant and autoimmune diseases. It can induce toxic effects on the cerebellar cortex,
such as cerebellar ataxia, vasogenic oedema, and occasional supratentorial lesions.
Cerebrolysin possesses therapeutic strategies as a neurotrophic factor with
neuroprotective effects. This work aims at evaluation of potential ameliorative
Cerebrolysin effect on cerebellar toxicity induced by cyclosporine A in adult male albino
rats. 40 adult male albino rats were randomized into 4 groups and received all treatments
for 4 weeks. Group I served as control. In Group II, Cerebrolysin was given a daily
intraperitoneal injection of 2.5 ml/kg. Group III received cyclosporin daily at a dosage of
25 mg/kg/day dissolved in olive oil, orally by gavage. Group IV, cyclosporin A
concomitant with Cerebrolysin, was administered. After 4 weeks, animals were sacrificed
by decapitation. Hematoxylin and Eosin staining was performed on the prepared sections,
as was Cresyl fast violet, glial fibrillary acidic protein immunostaining, electron
microscopic examination, and assessment of gait. Beside gait impairment, cyclosporin-
treated animals showed irregular Purkinje and granule cells with irregular nuclei. Nerve
fibers have a faint myelin sheath and/or focal areas of myelin splitting. Less abundant
glial fibrillary acidic protein-positive cells and decreased Nissl’s granules in perikarya.
Cerebrolysin prevented most of the histopathological changes and locomotor behavior.
Cerebrolysin has an ameliorative effect on cyclosporin A-induced cerebellar toxicity in
adult male albino rats.

Introduction -

An essential component of motor
control is the cerebellum. It might also have a
role in controlling emotional responses like
fear and pleasure, as well as some cognitive
language and

most

processes  like
Additionally, its

function 1s suggested to be related to
movement. It has been reported that, although
it does not start movement, the cerebellum
helps with timing, coordination, and
precision. It gathers information from the
spinal cord sensory systems and from other
regions of the brain, integrating it to adjust
motor activity (Wright et al, 2016).
Cerebellar damage has been suggested to

attention.
well-established

cause problems with posture, motor learning,
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balance, and fine movement (El-azab et al.,
2018). A fungus-derived molecule called
cyclosporin-A (CsA) [Tolypocladium
inflatum], discovered by Borel and Stahelin in
1970, hoping to develop a new antifungal
treatment.  Subsequently, its chemical
structure and immunosuppressive properties
were identified. Cyclosporin-A is a cyclic
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endecapeptide that is lipophilic, neutral, and
made up of 11 amino acids (Flores et al,
2019). It is an immunosuppressive medication
used to prevent organ rejection after organ
transplantation. According to reports, CsA is
used to alleviate organ rejection after
allogeneic heart, liver, and kidney transplants.
It has also been suggested that it can be used
In certain other autoimmune diseases, such as
rheumatoid arthritis, when methotrexate has
not sufficiently improved the illness.
Additionally, CsA is a second-line medication
used in bone marrow transplants to treat and
prevent graft-versus-host disease. However,
numerous adverse effects and toxicities were
reported with CsA treatment, which include
hypertension, arrhythmia, renal and hepatic
toxicities, dyslipidemia, hypomagnesemia,
hyperkalemia, gynecomastia, hypertrichosis,
increased incidence of specific cancers, and
neurotoxicity (Teimouri et al., 2022).
Moreover, CsA treatment was reported to
induce cerebellar ataxia in organ transplant
patients (van Gaalen et al, 2014).
Furthermore, toxic effects on cerebellar
cortex were reported with CsA as reversible
vasogenic oedema, frequently caused by
posterior reversible encephalopathy
syndrome, as well as occasional supratentorial
lesions (Roshan et al., 2017). Cerebrolysin is
a low-molecular-weight neuropeptide that
possesses neurodegenerative capabilities and
is produced using particular manufacturing
and laboratory procedures from an extract of
pig brain tissue. Cerebrolysin has been shown
to have various positive benefits in both in
vitro and in vivo research, including a
reduction 1in excitotoxicity, free radical
production, neuroinflammation and/or
activation of microglia and calpain activation
or apoptosis (Masliah and Diez-Tejedor,
2012). Induction of neural sprouting in tissue
culture, neurotropic effects, and improving
neural survival in ischemic situations are
some of cerebrolysin's further remarkable

actions on neural tissue (Zhang et al., 2013;
Ruozi et al., 2015). Moreover, cerebrolysin
was reported to reduce central and peripheral
neuropathy as a result of chronic
hyperglycemia induced by streptozotocin in
mice and rats (Zurita et al., 2017). It has also
been suggested that cerebrolysin could protect
against  spinal cord  pathology and
hyperalgesia that induced nerve lesions
(Sharma et al., 2023).

Limited histological studies
demonstrated either the toxic effect of
cyclosporine or the beneficial effects of
cerebrolysin on the cerebellar cortex (Sherif,
2017). Moreover, no available histological
studies investigated the potential ameliorative
effect of cerebrolysin against cyclosporine A
induced cerebellar toxicity. In order to
investigate such a role, the current work was
established using light; either histological or
immunohistochemical techniques; and
electron microscopic examinations beside
footprint analysis.

Material and Methods

This research was conducted in the
Faculty of Medicine, Suez Canal University,
Ismailia, Department of Histology and Cell
Biology. Animal care was carried out in
accordance with its institutional policies
(Code number: 5284).

Experimental animals

Forty mature male albino rats of the
same age (3 months) and weight (150-180 g)
were used in the experiment. Animals were
purchased from the Suez Canal University
Faculty of Medicine's Centre of Excellence
for Animal Care. Prior to the trial, rats were
housed for two weeks to allow for
acclimatization. They were given a standard,
balanced feed and free access to water while
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living in stainless steel cages at room
temperature in a well-ventilated animal house.

Drug preparation

- Cyclosporin was purchased from Novartis
Pharma Company with a commercial
name (Sandimmun Neoral) in the form of
soft gelatin capsules, each containing 50
mg cyclosporine A.

- Olive oil, from the commercial market.

- Ebewe Pharmaceuticals manufactured
ampoules containing 1 or 5 millilitres of
cerebrolysin that were used in this study.

- Glial Fibrillary Acid Protein (GFAP) was
obtained from  Thermo  Scientific
Company.

N.B. All drugs were prepared immediately
before administration.

Experimental design

Rats were randomly subdivided by
using a random number table into 4 groups
(10 animals each). All treatments were given
for 4 weeks.

e Group I (the control group) consists of 10
rats and was subdivided into two equal
subgroups of five rats each:

- Group la: negative control group, in
which the animals were not given any
therapy.

- Group Ib: positive control group that
was administered olive oil daily by
gavage at a dose of 0.5 ml for 4 weeks
(Abdelkader et al., 2021).

e  Group II (Cerebrolysin Group): animals in
this group were given a daily 2.5 ml per
kilogramme intraperitoneal injection (I.P.)
of cerebrolysin for 4 weeks (Makary et al.,
2015).

e Group Il (Cyclosporin A group received
cyclosporine daily at a dose of 25 mg/kg
per day, dissolved in olive oil, orally by
gavage for 4 weeks (Abdelkader et al.,

2021). This dose is double the therapeutic
dose (Feagan et al, 1994) and
approximately 1/59 of LD50. After oral
administration, the LD50 of cyclosporine
1s 1480 mg/kg (Sovcikova et al., 2002).

e Group IV (Cyclosporin A + Cerebrolysin):
cyclosporine A  was  administered
concomitantly with cerebrolysin with the
same previous doses and duration.

Footprint analysis

Gait assessment was performed by
foot-print analysis on the four experimental
rat groups using an 80-cm footprint paper
sheet within a preformed walking platform.
Each rat was trained for three days before
evaluation so that it would cross the platform
without hesitating. Food rewards were used as
positive motivators during training days. Rats
were then subjected to gait assessment at the
end of the experiment. The gait test was
analyzed by having the animal walk across an
ink pad and then a paper sheet so that the
spatial pattern of the ink prints could be
measured. For each rat, the data from three
successive runs were averaged. On footprints,
stride length and stride width were measured.
Stride length represented the separation in
distance between the successive contacts of
the same paw, whereas stride width
represented the distance made by two
successive contralateral hind-steps made at
90° to the direction of travel (Kara et al.,
2021; Mahmoudi et al., 2022; DeAngelo et
al., 2023).

Tissue sample collection

All  animals were sacrificed by
decapitation under light anaesthesia after 4
weeks of injections of different treatments.
Then samples were collected.
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Light microscopic study

The animals’ resected cerebella were
quickly excised, chopped into small pieces,
and fixed in formalin (10%) for 48 hours.
They were subsequently dried in increasing
amounts of alcohol, cleared in xylene, and
ultimately embedded in paraffin. Staining of
the serial coronal slices, each measuring about
Sum thick, with the following stains (Layton
and Suvarna, 2013):

1. Haematoxyline and Eosin (H&E): to
determine the cerebellum's general
architecture.

2. Cresyl fast violet: for demonstration of
Nissl granules.

Immunohistochemical study

The following steps were taken into
consideration for the immunohistochemical
study: fixation in 10% formalin for 2 days,
dehydration, clearing, and ultimately
becoming paraffinized. Five pm-thick
paraffin slices were cut. For the purpose of
displaying the astrocytes, staining of sections
was done using a modified avidin-biotin
peroxidase approach for glial fibrillary acidic
protein (GFAP). All portions were moistened
and deparaffinized. To reveal the antigen,
sections were exposed to 0.01 M citrate buffer
with pH 6.0 for approximately 10 minutes.
Then the endogenous peroxidase activity
effect was eliminated by incubating the
sections in 0.3% H>O, for 12 hours before
blocking with 5% horse serum for 1-2 hours.
The slides were first washed and incubated at
4 C for 18-20 hours with the primary
antibody (1:100 monoclonal mouse anti-
GFAP). The sections were then mounted,
dehydrated, and stained with hematoxylin on
slides prepared with 0.05% diaminobenzidine.
The GFAP+ve cells were brownish in color
with blue-colored nuclei (Cattoretti et al.,
1993). The exact same procedure was
followed while processing negative controls,

with the exception of using the primary
antibody. A brain slide was used as a positive
control (Mohamed and Mohamed, 2018).
Each image has a resolution of 10 MP
(megapixels) (3656 x 2740 pixels) and was
taken by a calibrated digital standard
microscope camera (Tucsen ISH1000 digital
microscope camera) and an Olympus CX21
microscope. For image capture and
enhancement, "IS Capture" software was
used.

Morphometric study:

Using software Image J. for measuring
the area percent of Nissl’s granules in cresyl
violet-stained sections. The area percent for
GFAP cytoplasmic immunoreaction in the
bodies of astrocytes and their processes in
cerebellar cortices was also measured.

Electron microscopic study:

Each group's cerebella were dissected
for electron microscopic examination. After
24-48 hours of dissection, specimens (1x1
mm) were promptly cut and preserved in 4%
cold glutaraldehyde. Then post-fixation was
done in 1% OsO4 for two hours, rinsed four
times in the same buffer (phosphate buffer,
pH 7.2), and dried. Ascending degrees of
alcohol (30, 50, 70, 90, and 100% for 2 hours)
were used to dehydrate the subject before
embedding it in an epon araldite mixture.
Toluidine blue was used to stain 0.5pum-thick
semithin slices. The selected areas were
divided into ultrathin pieces of 50 nm
thickness, which were stained with uranyl
acetate and lead citrate (Hayat, 2000). With a
transmission electron microscope (Joel JEM-
100 CXII; Joel, Tokyo, Japan), the ultrathin
sections were 1imaged in the electron
microscopic unit, Faculty of Science, Ain
Shams University, Egypt.
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Statistical analysis:

For data entry, Microsoft Excel from
the Microsoft Office 365 Software Package
(from Microsoft Corporation, USA) was used.
The mean and standard deviation (SD) of the
data were entered. Then the results were
analyzed using one-way analysis of variance
(ANOVA) and the post-hoc Tukey test to
look for wvariations in histopathological
abnormalities between groups. To evaluate
statistical significance, a P-value of under
0.05 was applied.
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Results

Footprint analysis

On the footprint sheets, the rat gait
patterns from the various groups are depicted
(Figure 1A). At the conclusion of the
experiment, stride length did not significantly
vary in any of the experimental groups
(Figure 1B). Cyclosporin-treated rats showed
significantly reduced stride width compared
to the other groups, whereas co-treatment
with Cerebrolysin significantly increased the
stride width (Figure 1C).
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Fig. (1): A: The gait patterns of the rats in the experimental groups B: Stride length in all the experimental
groups shows no significant changes. C: Stride width is significantly reduced in the cyclosporin A
group (*) in comparison to the control group. The combined group (Cyclosporin A + Cerebrolysin)
shows significant improvement in stride width (#) compared to the cyclosporin A group.
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Light microscopic findings

Group Ia (the -ve control group)
demonstrated normal white matter and
cerebellar cortex architecture when the
cerebellum was stained with H&E. In the
molecular layer, the cortex is depicted as a
scattering of minute stellate and basket cells.
The Purkinje cell layer displayed large
pyriform cells with vesicular nuclei and apical
dendrites. In the granular layer, crowded tiny
granule cells with intensely marked nuclei
were also visible (Figure2A). Group Ib (+ve

L . P Sl T ""X‘ylp‘

control group) was nearly similar to the
negative one. Group II (cerebrolysin) is
almost as the control (Figure2B). Group III
(cyclosporin A) showed widely displaced,
distorted and shrunken Purkinje cell, leaving
wide intercellular spaces. Complete absence
of Purkinje cells was also shown (Figure2C).
Group IV (cyclosporin A + cerebrolysin)
Purkinje cells were almost as to that of the
control group. However, few distorted and
shrunken Purkinje cells and wide intercellular
spaces were still show (Figure2D).

.' _. - 1" ¥ 4 f
1 AL “:.
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Fig. (2): Photomicrographs showing a section of a rat's cerebellum stained with H&E X 400 from different
groups. A. (Negative control group) inset x100 shows normal architecture of cerebellar cortex and
white matter (W). In the molecular layer, the cortex shows dispersed tiny stellate (S) and basket cells
(B). In the Purkinje cell layer, large pyriform cells with vesicular nuclei (P) and apical dendrites (D)
are shown. In the granular layer, there are a lot of small granule cells with deeply pigmented nuclei
(G). B. (Cerebrolysin group) is almost similar to control group. C. (Cyclosporin A group) shows
widely displaced, distorted and shrunken Purkinje cell (P), leaving wide intercellular spaces (V).
Complete absence of Purkinje cells (A) is also shown. D. (Cyclosporin A + Cerebrolysin) group
shows Purkinje cells (P) almost similar to control group. However, few distorted and shrunken
Purkinje cells and wide intercellular spaces (V) are still shown.
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Cresyl fast violet stained sections in
the both the cerebrolysin and negative control
groups' cerebellar cortex (Groups Ia& II),in
the perikarya purple Nissl’s granules of large
pyriform Purkinje cells (Figure 3A & Figure
3B). Group Ib (positive control group) was
nearly as to the negative one. Group III
(cyclosporin A) showed decreased purple
Nissl’s granules in the perikarya of Purkinje

WV LP AR T o T A
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cells, which was statistically significant
compared to the control group (Figure3C
&Figure4). Group IV (cyclosporin A +
cerebrolysin) showed Purkinje cell perikarya
had more purple Nissl's granules; which was
statistically ~ significant ~ compared  to
cyclosporin A -treated rats (Figure 3D &
Figure 4).

different groups. A&B. Both (Negative control group) and (Cerebrolysin group) show
purple Nissl’s granules can be seen in the perikarya of large pyriform Purkinje cells
(arrows). C. (Cyclosporin A group) shows less purple Nissl’s granules (arrows) in the
perikarya of Purkinje cells. D. (Cyclosporin A + Cerebrolysin) group shows incresed
purple Nissl’s granules (arrows) in the perikarya of Purkinje cell compared to that of the

Cyclosporin A group.
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Fig. (4): The mean area percent of Nissl’s granules in the different studied groups.
*Statistically significant compared to the control group (P<0.01),
# Statistically significant compared to the cyclosporin A group (P<0.01)

Immunohistochemical findings

Rat cerebellar cortex sections stained
with glial fibrillary acidic protein (GFAP)
revealed dispersed GFAP positive
immunoreactive cells with thin long processes
in Group Ia (negative control group)
[cytoplasmic reaction] in the molecular,
Purkinje, and granular cortical layers
(Figure5A).Group Ib (positive control group)
was nearly as to the negative one. Group II
(cerebrolysin group) showed immunoreactive
cells nearly similar to control group

(Figure5B). Group III (cyclosporin A group)
showed different cortical layers had less often
appearing GFAP positive cells, which was
statistically significant when compared to the
control group. (Figure 5C & Figure 6). Group
IV (cyclosporin A + cerebrolysin) revealed
GFAP expression that was positive, more or
less in line with what was observed in the
control rats, and this was statistically
significant compared to cyclosporin A -
treated rats (Figure 5D & Figure 6).
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Fig. (5): Photomicrographs of GFAP immunohistochemically stained sections of rat cerebellar
cortex x 630. A. (Negative control group) shows scattered positive GFAP
immunoreactive cells with long and thin processes (arrow heads) in the different cortical
layers; molecular (M), Purkinje (P) and granular (G); B. (Cerebrolysin group) shows
positive GFAP immunoreactive cells almost as control group. C. (Cyclosporin A group)
shows less abundant GFAP positive cells in different cortical layers (arrow heads) as
compared with that of the control; D. (Cyclosporin A + Cerebrolysin) group shows
increased expression of GFAP positive cells which is more or less similar to that noticed
in the control rats (arrow heads).
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Fig. (6): The mean area percent of astrocytic GFAP activity in the
different study groups.
*Statistically significant compared to the control group (P<0.01),
# Statistically significant compared to the cyclosporin A group (P<0.0)
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Electron microscopic findings

Group la (negative control group)
showed Purkinje cells with its main dendrite.
The nuclear envelope's indentation and the
large oval euchromatic nucleus with a clearly
defined nucleolus were visible. Rough
endoplasmic reticulum cisternae (RER) were
well-developed and visible in the cytoplasm
(Figure7A). Group Ib (positive control group)
was nearly as to the negative one. Group Il
(cerebrolysin group) showed Purkiinje cell
nearly similar to control group with large
euchromatic nucleus with and well- defined
nucleolus. Granule cells and nerve fibers were
also shown (Figure7B).Group III (cyclosporin
A group) showed two Purkinje cells both with
irregular nuclei which was markedly shrunken
and without nucleoli in one of them. Irregular
granule cells, nerve fiber with faint myelin
sheath and empty spaces between the cells in
the neuropil were also shown (Figure7C).
Group IV (cyclosporin A + cerebrolysin)
showed Purkinje cells with its main dendrite
and large oval euchromatic nucleus nearly
similar to that of the control group. Slightly
irregular nucleus of another Purkinje cells and
the few empty areas in the neuropil were also
shown (Figure7D).

Group Ia (negative control group)
showed Purkinje cells with large oval
euchromatic nucleus. Numerous mitochondria
and numerous, well-developed RER cisternae
were visible in the cytoplasm (Figure
8A).Group Ib (positive control group) was
almost similar to the negative one. Group II
(cerebrolysin group) showed Purkiinje cell
nearly as to control group with large oval
euchromatic nucleus and well- defined
nucleolus. The cytoplasm also displayed well-
developed RER cisternae, free ribosomes,
lysosomes, and mitochondria (Figure8B).
Group III (cyclosporin A group) showed
Purkiinje cell with irregular and markedly
shrunken nuclei without nucleoli. The
cytoplasm showed few scattered rough
endoplasmic  reticulum  tubules and
lysosomes.  Notably, there were no
mitochondria in the cytoplasm. The neuropil
also displayed vacuolations in the cytoplasm
and empty spaces between the cells
(Figure8C).Group 1V (cyclosporin A +
cerebrolysin) showed large oval euchromatic
nucleus in Purkinje cells. Numerous
mitochondria,
endoplasmic

well-developed rough
reticulum  cisternae, and
lysosomes were visible in cytoplasm

(Figure8D).
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Fig. (7): Transmission electron microscope photomicrographs showing Purkinje cells of rats' cerebellum x

1000. A. (Negative control group) shows Purkinje cells with its main dendrite (D). Large oval
euchromatic nucleus (N) with indentation of the nuclear envelope (arrow head) and well-defined
nucleolus (nl) are shown. The cytoplasm shows well-developed rough endoplasmic reticulum
cisternae (R). B. (Cerebrolysin group) shows Purkiinje cell (P) nearly almost as control group with
a large euchromatic nucleus (N) and a well- defined nucleolus (nl). Granule cells (G) and nerve
fibers (F) are also shown. C. (Cyclosporin A group) shows Purkinje cells (P1 & P2) both with
irregular nuclei (N) which is markedly shrunken and without nucleoli in P1. Irregular granule cells
(G), nerve fiber with faint myelin sheath and empty areas in the neuropil (*) are also shown. D.
(Cyclosporin A + Cerebrolysin) group shows Purkinje cells with its main dendrite (D) and large
oval euchromatic nucleus (N1) nearly similar to that of the control group. Slightly irregular nucleus
(N2) of another Purkinje cell and few empty spaces in the neuropil (*) are also shown.
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Fig. (8): Photomicrographs of transmission electron microscope demonstrating Purkinje cell of
cerebella of different groups x 4000. A. (Negative control group) shows Purkinje cells
with a large oval euchromatic nucleus (N). Numerous mitochondria (m) and many well-
developed rough endoplasmic reticulum cisternae (R) are shown in the cytoplasm. B.
(Cerebrolysin group) shows Purkiinje cell nearly similar to that of the control group, with
its large oval euchromatic nucleus (N) well- defined nucleolus (nl) and heterochromatin
islands (h). Well-developed rough endoplasmic reticulum cisternae (R), free ribosomes (1),
lysosome (L) and mitochondria (m) are also shown in the cytoplasm. C. (Cyclosporin A
group) shows Purkiinje cell with irregular and markedly shrunken nuclei (N) without
nucleoli. The cytoplasm shows few scattered rough endoplasmic reticulum cisternae (R) and
lysosomes (L). Notice no mitochondria are shown in the cytoplasm. Vacuolations in the
cytoplasm (V) and empty spaces in the neuropil (*) are also shown. D. (Cyclosporin A +
Cerebrolysin) group shows Purkinje cells with large oval euchromatic nucleus (N). The
cytoplasm shows numerous mitochondria (m), well-developed rough endoplasmic reticulum
cisternae (R) and lysosomes (L).
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Multiple granule cells with rounded or
oval nuclei and clusters of heterochromatins
were visible in Group Ia (the negative control
group). Multiple nerve fibers with dark
myelin sheath were shown. Astrocytes with
electron dense cytoplasm were also shown
(Figure9A). Group Ib (positive control group)
was nearly as to the negative one. Group II
(cerebrolysin group) was almost similar to the
control group, which also included many
granule cells with rounded or oval nuclei with
its heterochromatin. Some myelinated nerve
fibers were also shown (Figure9B). Group IlI
(cyclosporin A group) showed multiple
granule cells with irregular nuclei. The
neuropil has empty areas and some nerve
fibers (Figure 9C). Group IV (cyclosporin A
+ cerebrolysin) showed granule cells almost
like the control group with heterochromatin
aggregates in their spherical or oval nuclei.
Astrocyte with electron dense cytoplasm and
well-myelinated nerve fibers were also
shown. However, vacuolations in axoplasm of
few nerve fibers and the spaces in the neuropil
were also shown (Figure9D).

Group Ia (negative control group)
revealed granule cells with nucleus that was
rounded or oval with cluster of
heterochromatin and well-defined nucleolus.
Numerous mitochondria and some lysosomes
were shown in the surrounding cytoplasm
(Figure 10A). Group Ib (positive control
group) was nearly similar to the negative one.
Group II (cerebrolysin group) was nearly
similar as to control group exhibited
heterochromatin-clumped granule cell nucleus
which was oval to round. Some mitochondria,
lysosomes and free ribosomes, in the
surrounding cytoplasm, were also shown
(Figure10B). Group III (cyclosporin A group)
showed granule cells with irregular nuclei. In
the neuropil, empty space and certain nerve
fibres with isolated areas of myelin sheath
splitting were also visible (Figure10C). Group
IV (cyclosporin A + cerebrolysin) showed
granule cell almost the same to control group
with oval or rounded nucleus (N) with
heterochromatin clumps. The surrounding rim
of cytoplasm contained free ribosomes and
mitochondria (Figure10D).
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Fig. (9): TEM photomicrographs of the granule cells of cerebellum of rats in different experimental groups x
1000. A. (Negative control group) shows numerous granule cells (G) with rounded or oval nuclei
with heterochromatin clumps. Multiple nerve fibers (F) with dark myelin sheath are shown.
Astrocytes (A) with electron dense cytoplasm are also shown. B. (Cerebrolysin group) shows
multiple Granule cells (G) nearly similar to that of the control groups, having rounded or oval nuclei
and with clumps of heterochromatin. Some myelinated nerve fibers (F) are also shown. C.
(Cyclosporin A group) shows multiple granule cells (G) with irregular nuclei. Some nerve fibers
(F) and empty spaces in the neuropil (*) and are also shown. D. (Cyclosporin A + Cerebrolysin )
group shows granule cells (G) nearly similar to control group, with rounded or oval nuclei with
clumps of heterochromatin. Astrocyte (A) with electron dense cytoplasm and well-myelinated nerve
fibers (F) are also shown. However, vacuolations (v) in the axoplasm of few nerve fibers and empty
spaces in the neuropil (¥) are also shown.
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Fig. (10): TEM photomicrographs of granule cells (G) in the cerebellum of rats x 4000. A.

(Negative control group) shows granule cell with rounded or oval nucleus (N) and
heterochromatin clumps (h) and well-defined nucleolus (nl). Granule cell nucleus is
surrounded by a rim of cytoplasm that shows numerous mitochondria (m) and some
Lysosomes (L). B. (Cerebrolysin group) shows granule cell nearly similar to control
group with rounded or oval nucleus (N) and clumps of heterochromatin (h).Some
mitochondria (m), lysosomes (L) and free ribosomes (1), in the surrounding cytoplasm, are
also shown. C. (Cyclosporin A group) shows granule cells (G) with irregular nuclei.
Empty spaces in the neuropil (*) and some nerve fibers (F) with focal areas of splitting of
their myelin sheath are also shown. D. (Cyclosporin A + Cerebrolysin) group shows
granule cell nearly similar to control group with rounded or oval nucleus (N) and
heterochromatin clumps (h). Mitochondria (m) and free ribosomes (r) are shown in the rim
of cytoplasm that surrounds the nucleus (N).
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Discussion

Cyclosporine is an  immuno-
suppressive medication that is used to treat
post-transplant organ rejection. Additionally,
it is used to treat post-transplant rejection
following allogeneic kidney, liver, and heart
transplants, as well as rheumatoid arthritis,
when methotrexate has not sufficiently
alleviated symptoms. It is also a second-line
treatment in the treatment regimen for graft
vs. host disease and ALS. Additionally, it was
mentioned that Behcet disease and refractory
posterior uveitis are both indicated uses for
cyclosporin  (Pharmacoeconomic  Review
Report, 2018; Ponticelli and Glassock, 2019;
Pradier et al., 2019; Sun et al., 2019; Xin et
al., 2019). Cyclosporine-induced cerebellar
toxicity was reported in the form of cerebellar
ataxia in organ transplant patients (van Gaalen
et al, 2014). Additionally, transient
supratentorial ~ lesions and  reversible
vasogenic oedema of the cerebellum and
white matter [usually from posterior
reversible encephalopathy syndrome] were
also reported (Roshan et al., 2017).

The control and cerebrolysin groups in
the current study showed normal histological
structures of the cerebellum that were in
accordance with what was described by
Mescher (2016) and Ovalle and Nahirney
(2000).

In the current study, in the
cyclosporine A-treated group (group III),
animals were given a daily dose of 25 mg/kg
of CsA dissolved in olive oil orally by gavage
for 4 weeks (Abdelkader et al., 2021). This
dose is double the therapeutic dosage (Feagan
et al., 1994).

The present study showed that
examined H and E-stained sections of
cyclosporine A-treated groups (group III),
revealed widely displaced, distorted, and

shrunken Purkinje cells, leaving wide
intercellular spaces. A complete absence of
Purkinje cells was also noticed. The results of
the TEM examination of cyclosporine-treated
animals confirmed those of the light
microscope. Purkinje cells were found to have
markedly shrunken and irregular nuclei
without nucleoli. The cytoplasm showed few
lysosomes and dispersed rough endoplasmic
reticulum tubules. In the cytoplasm, there
were no mitochondria to be found. The
neuropil also displayed empty spaces.
Additionally, irregular granule cells with
irregular nuclei were also shown. Nerve fibers
with a weak myelin sheath and/or focal areas
of myelin sheath splitting were also shown.
Limited available histological studies
demonstrated cyclosporine A's adverse effects
on the cerebellar cortex using a light
microscope. Additionally, no previous studies
investigated such effects using an electron
microscope. Abdelkader et al. (2021)
attributed cyclosporine A's toxic effects to
oxidative stress. They observed that the
harmful effects of cyclosporine A on kidney
morphology and function were brought on by
oxidative stress and enhanced reactive oxygen
species (ROS) production. This was in
agreement with our results related to the
absence of mitochondria in the cytoplasm of
the Purkinje cells.

Some studies believed that the
Purkinje and granular cells were the direct
targets for any poisonous chemical in the
cerebellum, which is consistent with our
findings about degenerative alterations in
Purkinje and granular cells (Fonnum and
Lock, 2000). Lu et al. (2020) investigated
CsA-induced nephrotoxicity by increasing
reactive  oxygen species (ROS) and
malonaldehyde (MDA) levels and reducing
glutathione (GSH) and superoxide dismutase
(SOD) levels. These morphological changes
resulted in vascular abnormalities, atrophy of
the tubules, fibrosis of the interstitium,
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apoptosis of the tubules, and ultimately renal
dysfunction. Apoptosis can explain the
presence of cytoplasmic vacuolation in our
results.  Other researchers investigated
cyclosporin A hepatotoxicity and attributed it
to the oxidative stress caused by cyclosporin
A (Khalaf et al., 2017; Vangaveti et al., 2021;
Faheem et al., 2022).

Rafati et al. (2015) reported that
disturbance of the astrocyte's architecture
caused cerebellar Purkinje cells to degenerate.
Thus, cyclosporine-induced loss of the
supporting astrocyte in the cerebellum results
in degeneration of Purkinje cells in such a
group.

Additionally, Purkinje cells shrank
and withdrew their protoplasmic processes as
a result of the breakdown of their cytoskeletal
components (Shalabi and Sarhan, 2008). This
can explain the presence of empty areas in the
neuropil. Weil et al. (2016) attributed
demyelination to a degenerating nerve's
increased water content, which results in
intramyelinic  swelling and edematous
splitting at different levels of the myelin
lamella. Immunohistochemical examination
of sections stained with glial fibrillary acidic
protein (GFAP) of the cyclosporin group
revealed fewer available GFAP+ve cells that
were shown in different layers as compared to
the control group. (GFAP) is an intermediate
filament-11I protein that is only present in
enteric glial cells, non-myelinating Schwann
cells, and astrocytes in the CNS (Yang and
Wang, 2015).

It was reported that microglia, which
are considered the primary immune cells of
the CNS, play an important role in the control
of the innate immune response, although
astrocytes also play a role. Astrocytes were
also reported to be one of the earliest cell
types to get a CNS wviral infection.
Additionally, astrocytes express multiple
receptors known as pattern recognition

receptors (PRRs) that can identify viral
particles and set off signaling cascades that
cause astrocytes to release inflammatory
cytokines, which then prompt an innate
immune response and include astrocytes in
CNS immunological functions. Accordingly,
less abundant GFAP-positive cells in the
cyclosporine group can be attributed to
damage to astrocytes by the
immunosuppressive effect of cyclosporin A
(Liddicoat and Lavelle, 2019; Jorgaevski and
Potokar, 2023).

Cresyl-fast violet-stained sections in
the cerebellar cortex showed the perikaryal of
group III Purkinje cells that have fewer purple
Nissl granules. Reduced Nissl’s granules,
known as chromatolysis, were found to be
mostly triggered by apoptosis in Wistar rat
neurons (Nagib et al., 2018).

From the cerebellar cortex to the
brainstem, Purkinje cells project a significant
quantity of GABAergic input, which controls
the output of these nuclei in motor function
(Hasan et al., 2020). In the current research,
cyclosporine medication reduced stride width,
which  demonstrated that cyclosporine
impaired motor coordination.

Despite cyclosporin A's toxicity, due
to its effectiveness as a treatment, it continues
to be one of the most frequently used
immunosuppressive drugs (Faheem et al,
2022). Moreover, Shah et al. (2017) reported
that CsA was still the basis of organ
transplants in spite of its adverse effects.
Thus, it is crucial to search for ameliorative
agents to ameliorate cyclosporin A-induced
toxicity without affecting its therapeutic
activity. Many protective agents have shown
promising results, such as N-acetylcysteine,
curcumin, coenzyme Q10, etc. (Ahmed et al.,
2013; Sagiroglu et al., 2014; Abdelkader et
al., 2021). Another recorded neuroprotective
agent is Cerebrolysin, which was tested in the
present study.
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In the current study, in the combined
group IV (Cyclosporin A + Cerebrolysin
group), animals received a  daily
intraperitoneal injection (I.P.) of 2.5 ml/kg of
Cerebrolysin for 4 weeks concomitant with
daily cyclosporine administration at a dose of
25 mg/kg/day dissolved in olive oil, orally by
gavage for 4 weeks. Results of the present
study revealed that Cerebrolysin could
prevent  almost all  histopathological
alterations in the cerebellar cortex induced by
cyclosporin A. Examination of H and E-
stained sections revealed Purkinje cells that
were nearly as the control group. Cresyl-fast
violet-stained sections showed an increase in
purple Nissl’s granules in the perikaryal of
Purkinje cells compared to those of group III.
This was in accordance with Sharma et al.
(2023), who examined Nissl-stained nerve
cells in spinal cord dorsal and ventral horns
and found that treatment with Cerebrolysin
markedly attenuated nerve cell injury after
induced nerve lesion with Cu or Ag
nanoparticle intoxication.

The results of the TEM examination
of cerebrolysin-treated animals confirmed
those of the light microscope. The Purkinje
cell, with its main dendrite and large oval
euchromatic nucleus, was nearly similar to
that of the control group. Numerous
mitochondria, well-developed rough
endoplasmic  reticulum  cisternae, and
lysosomes were visible in the cytoplasm.
Granule cells were nearly similar to the
control group, with rounded or oval nuclei
and clumps of heterochromatin. A rim of
cytoplasm around the granule cell nucleus
showed free ribosomes and mitochondria.
Astrocytes with electron-dense cytoplasm and
well-myelinated nerve fibers were also
shown.

The presence of astrocytes was
noticed in the electron microscopic
examination of the cerebrolysin group. This

was confirmed immunohistochemically by
examination of sections stained with glial
fibrillary acidic protein (GFAP) from such a
group in which positive GFAP expression
was more or less comparable to that seen in
control rat research. Our results were in
agreement with Abdel-Aziz et al. (2019) who
evaluated the effectiveness of Cerebrolysin on
adult male albino rats' dendate gyrus of the
hippocampus  following  experimentally
generated acute ischemic stroke and found a
positive cytoplasmic reaction in astrocytes.
Moreover, co-treatment with Cerebrolysin
significantly improved the gait performance
of animals by increasing the stride width of
their footprint patterns.

All the improved findings could be
attributed to  the  Cerebrolysin.  Its
neurotrophic benefits are mediated by its
capacity to reduce inflammation, free radical
production, and excitotoxicity (Nasrolahi et
al., 2018; Moghazy et al., 2019; El-Marasy et
al.,, 2021). Tharwat et al. (2023) added that
Cerebrolysin could reduce the rise in
peroxidation of lipids brought on by reserpine
in the striatum and raise the levels of striatal
and midbrain malondialdehyde (MDA) and
glutathione (GSH), indicating Cerebrolysin
potential therapeutic effect in reserpine-
induced Parkinson’s disease (PD) in an
animal model.

Moreover, Sharma et al. (2023) found
that Cerebrolysin therapy dramatically
decreased the buildup of inflammatory
cytokines and significantly enhanced anti-
inflammatory cytokines in the spinal cord
after the 10th week of a nerve lesion, either
with or without nanoparticle exposure.
Accordingly, they concluded that
Cerebrolysin could reduce neuropathic pain
flare-ups, blood-spinal-cord barrier
permeability, and cord pathology following
chronic intoxication with nanoparticles.
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Additionally, in the current study, the
presence of well-myelinated nerve fibers in
the combined group can be attributed to the
capacity of Cerebrolysin for the regeneration
of neurons. Its structure, which includes low-
molecular-weight peptides and amino acids
with neuroprotective qualities like glial cell-
derived neurotrophic factor and insulin-like
growth factors 1 and 2, was primarily
responsible for this (Kim et al., 2019).

However, few distorted and shrunken
Purkinje cells and wide intercellular spaces
were still shown in H&E-stained sections of
rats’ cerebella of group IV (Cyclosporin A +
Cerebrolysin group). Additionally, TEM
examination of such a group revealed a
slightly irregular nucleus of one Purkinje cell,
vacuolations in the axoplasm of a few nerve
fibers, and a few empty spaces between the
cells in the neuropil. This can be explained by
Abolhasanpour et al. (2019) who suggested
that the result of Cerebrolysin in their study
was dose- and time-dependent. They found
that Cerebrolysin injection at a dose of 1
mlL/kg for 1 week showed a slight
improvement in overactive neurogenic
detrusors in female rats with spinal cord
injuries. Nevertheless, bladder compliance
was enhanced by 2.5 mL/kg of Cerebrolysin
infusion for 4 weeks in spite of some weak
contractions.

Additionally, the bladder pressure
pattern in the rats administered 2.5 mL/kg
exhibited a pattern that was comparable to the
normal control group. Sharma et al. (2023)
provided confirmation of this when they
concluded that the higher doses of
Cerebrolysin had similar neuroprotective
effects in rats with nerve lesions and
nanoparticle intoxication.

Conclusion

According to the results of the present
research, Cerebrolysin has an ameliorative
effect against cyclosporin  A-induced
cerebellar toxicity in adult male albino rats.

Recommendation

The authors recommend further
clinical trials to confirm the ameliorative
effect of Cerebrolysin against cyclosporin A-
induced cerebellar toxicity in order to use
Cerebrolysin prior to and during the treatment
of cyclosporin A to avoid such toxicity.
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