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Abstract

Background: Aspartame (ASP), achemical sweetener, is
believed to be unlikely to have negative impacts on the cere-
bellar cortex.

Aim of Sudy: Was to examine the histopathological chang-
esin the cerebellar cortex of albino rats who received aspar-
tame treatment and to assess the possibility of recovery from
aspartame-induced cerebellar injury.

Material and Methods: Twenty-four adult male albino rats
were divided into four groups by random selection. The con-
trol agroup received daily doses of distilled water for 8 weeks.
The control b group received daily doses of distilled water for
14 weeks. The ASP group was administered 250mg/kg of as-
partame orally for aduration of 8 weeks. The Recovery group
received 250mg/kg/day of aspartame for eight weeks, followed
by a subsequent six weeks of daily distilled water at a dosage
equivalent to the prior aspartame dose. Subsequent to anesthe-
sia, the cerebellawere excised for immunohistochemical and
histological investigations. Morphometric and statistical analy-
ses were conducted, with assessments of nitric oxide (NO), re-
duced glutathione (GSH), and malondialdehyde (MDA) levels
in cerebellar tissue.

Results: Comparative to the control group, the aspartame
group exhibited a pronounced elevation in MDA and NO lev-
els, concomitant with areduction in GSH levels. The recovery
group demonstrated diminished MDA and NO levels, coupled
with a significant escalation in GSH levels compared to the
aspartame group. Histologically, the cerebellar cortex of the
aspartame group manifested neurodegenerative features and
apoptosis, both of which were mitigated in the recovery group.

Conclusion: Aspartame consumption manifests reversible
deleterious effects on the cerebellar cortex.
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Introduction

THE use of artificial sweetenersinstead of sucrose
has become a viable option, and aspartame (ASP)
has emerged as a prominent choice[1]. Aspartame, a
sweetener that is not nutritious, iswidely consumed
worldwide, despite limited studies on potential ad-
verse effects[2]. At firgt, it was thought that it could
assist diabetic individuals in managing glycemic
issues and reduce obesity ratesin growing econo-
mies. Although aspartame has been widely adopted,
there are still concerns about its safety [3].

Aspartame contains two amino acids, L-aspartic
acid and L-phenylalanine. Esterase and peptidases
work together in the gastrointestinal tract (Gl) to
metabolize and absorb aspartame. After this diges-
tive process, the byproducts result in 50% pheny-
lalanine, 40% aspartic acid, and 10% methanol [4].
Phenylaanine has aregulatory role in neurotrans-
mission processes, while aspartic acid isacrucial
excitatory neurotransmitter in the central nervous
system [5]. Although glutamate and aspartate are
commonly used as neurotransmittersin the central
nervous system, they can be neurotoxic if they ex-
ceed a certain threshold level [6]. Aspartame has a
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DAB : Diaminobenzidine substrate.
GFAP: Glid fibrillary acidic protein.
Gl : Gastrointestinal tract.
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widespread systemic distribution and can penetrate
anatomical barriers, including the blood-brain bar-
rier, to access the cerebral milieu. The widespread
use of aspartame raises questions about its potential
neurotoxicity [7].

Therisk of neurodegenerative conditionslike
multiple sclerosis, parkinsonism, brain tumors, and
Alzheimer’ s disease is exacerbated by aspartame
and its metabolic byproducts. The excess of phe-
nylalanine interferes with the transport of essential
amino acids to the brain, resulting in intellectual
disability, seizures, and other medical complications
[8]. Additionally, aspartame has been identified as a
potential contributor to cell death by activating var-
ious calcium channels in neurons[9]. The aim of our
study was to determine if the histological changes
caused by aspartame administration in the cerebel-
lar cortex of rats can be recovered, with a specid
focus on Purkinje cells. In addition, we assessed the
possibility of recovery from aspartame-induced cer-
ebellar injury.

Material and Methods

Animals and chemicals:

Twenty-four adult male albino rats were used in
this study, each with aweight range of 200 to 250
g. Therats were kept in a controlled and sanitary
environment with free access to food and water. In a
temperature-controlled room, rats were kept in cag-
esthat had a 12 hour light/dark cycle and were sub-
jected to a one-week acclimatization period before
the experiment began. The study was conducted at
the research facility of the Anatomy Department,
Faculty of Medicine, Kafr EI-Sheikh University at
January 2023. All procedures were strictly observed
in line with the National Institutes of Health’'s
guidelines for the care and use of |aboratory ani-
mals, as well as the Animal Research: Reporting
of In Vivo Experiments (ARRIVE) guidelines. The
study protocol was approved by the Research and
Ethics Committee of Kafr El-Sheikh University,
Egypt, under approval code MK SU50-9-8. Aspar-
tame tablets (20mg), obtained from Pharm Egypt,
Egypt, were pulverized and dissolved in distilled
water as per the experimental protocol.

Experimental design:

Four groups, each with six rats (n=6), were as-
signed using a randomized distribution process.
Group I, identified as the Control received a con-
sistent volume of distilled water daily, mirroring
the regimen administered to the aspartame group
for 8 weeks. and Group |1 identified as control b
group respectively, received a consistent volume
of distilled water daily, mirroring the regimen ad-
ministered to the recovery groups throughout for
14 weeks. In Group 111, animals were exposed to
aspartame viaintra-gastric tube for a duration of 8
weeks, at a dosage of 250mg/kg/day [10], with the
substance dissolved in distilled water. Group 1V,

labeled as the Recovery group, followed a similar
protocol, receiving aspartame at a dosage of 250mg/
kg/day dissolved in distilled water viaintra-gastric
tube for an initial 8-week period. Subsequently, over
the following 6 weeks, the animals were adminis-
tered adaily volume of distilled water equivalent
to the dosage of aspartame previously administered.

Specimens collection:

Following a 24-hour interval after the preced-
ing dosage, rats were subjected to anesthesia using
chloral hydrate (300mg/kg, intraperitoneal). Sub-
sequently, decapitation at the cervical region was
performed. The expeditious dissection, processing,
and staining of the cerebellum ensued, facilitating
subsequent histological, immunohistochemical, and
neurochemical investigations.

Biochemical analysis:

Cerebellar homogenates were obtained and
centrifuged to quantify malondialdehyde (MDA),
nitric oxide (NO), and reduced glutathione (GSH)
levels. The assessment was conducted utilizing the
high-performance liquid chromatography (HPLC)
method.

Histological study:

Para-sagittal sections were used to divide the
cerebellar hemispheres, and slices that ranged be-
tween 5 and 7um in thickness were prepared for He-
matoxylin and Eosin (H& E) staining to examine the
cerebellar architecture. Silver staining was utilized
to for evaluation of the nerve fiber and their myeli-
nation. |mmunohistochemical analysisincluded the
examination of synaptophysin for assessing synaps-
es, S100 for glial cell bodies and GFAP for the nerve
fibersfor confirmation of gliosis, and Caspase-3 to
evaluate apoptosis. Activation of glial cellsin the
cerebellum occurs as a response to inflammation or
oxidative stress, which iscalled gliosis. It may be a
response to oxidative stress or a defensive mecha-
nism.

For immunohistochemistry staining, positively
charged glass dlides were coated with slices that
were 5um in thickness. Following deparaffiniza-
tion and rehydration, sections were washed with
distilled water and subjected to hydrogen peroxide
blocking (0.1% methanol) for five minutes to miti-
gate nonspecific background effects. Subsequently,
sections underwent three washes in phosphate-buff-
ered saline (PBS). Overnight incubation at 4°C
with primary antibodies ensued, including synapto-
physin rabbit polyclonal antibody (A6344, ABclon-
al, UK, diluted 1:100), polyclonal anticaspase-3
(Activated caspase-3) (GB11532, Servicebio, Chi-
na, diluted 1/500), S100B rabbit monoclonal anti-
body (A19108, ABclonal, UK, diluted 1:100), or
anti-GFAP rabbit polyclonal antibody (GB11096,
Servicebio, China, diluted 1/1000). Subsequent
steps involved a 30-minute exposure to biotiny-
lated goat anti-polyvent, followed by a 10-minute
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application of conjugated streptavidin. After afinal
wash with PBS, sections underwent a 3-minute in-
cubation with diaminobenzidine substrate (DAB)
(Mouse and rabbit HRP/DAB (ABC) detection
IHC kit, ab64264, Abcam, UK). The procedure was
concluded with counterstaining using Mayer’s he-
matoxylin. Examination was carried out using an
Olympus® CX41 light microscope, complemented
by adigital camerafrom Olympus® SC100.

Morphometric studies:

Utilizing Image J software version 1.48, mor-
phometric analyses were conducted to systematical-
ly appraise the immunohistochemically stained tis-
sues (Wayne Rasband, NIH, Bethesda, MD, USA),
adhering to the prescribed guidelines within the
program. To assess immunoreactivity, five random-
ly selected non-overlapping fields (magnification:
X400; area: 0.071mm ) derived from three ran-
domly distributed sections for each cerebellar hem-
isphere within the control, aspartame-treated, and
recovery groups were employed. The parameters
evaluated included the GFAP area percentage, syn-
aptophysin, and the quantification of immune-posi-
tive cellsfor S100B and Caspase-3.

Mean £ SD format was used for the data pres-
entation. Statistical analyses employed the one-way
ANOVA test within SPSS 22 to derive p-values. A
threshold of p<0.05 was applied, rendering findings
with such values as statistically significant. Purkin-
je cell quantification involved the selection of five
random fields per section, for three sections per cer-
ebellar hemisphere in each animal group. The cho-
sen fields, with gonsistent magnification (X400) and
area (0.071mm ), facilitated morphometric exami-
nations. Additionally, Purkinje cells were enumer-
ated along a fixed-length line utilizing the Image J
program.

Results

Biochemical results;

Effect of aspartame on the levels of NO, GSH,
and lipid peroxidation:

The aspartame-exposed rats saw a significantly
higher rise in both malondialdehyde (MDA) and
nitric oxide (NO) levels compared to the control
groups. Conversely, the recovery group demon-
strated a substantial reductionin MDA and NO
levels compared to the aspartame-exposed group.
For MDA assessment, the Mean + SD values were
7.87+1.12 nmol/g tissue for the control a group,
7.88+1.13 nmol/g tissue for the control b group,
22.17+6.52 nmol/g tissue for the aspartame group,
and 11.42+2.36 nmol/g tissue for the recovery
group. Regarding NO levels, the Mean = SD val-
ues were 0.86+0.05 pmol/g tissue for the control
agroup, 0.87+0.05umol/g tissue for the control b
group, 2.26x0.5 pmol/g tissue for the aspartame
group, and 1.15+0.22 ymol/g tissue for the recovery
group (Fig. 1A,C).
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The aspartame-exposed group exhibited asig-
nificant decrease in reduced glutathione (GSH) lev-
elsin comparison to the control groups, while the
recovery group demonstrated an elevation in GSH
levelsrelative to the aspartame group. The Mean £
SD vaues for GSH were 1.87+0.08 mmol/g tissue
for the control a group, 1.84+0.09 for the control
b group 0.91+0.3 mmol/g tissue for the aspartame
group, and 1.45+0.11 mmol/g tissue for the recov-
ery group (p>0.05 - non-significant, p<0.05 - signif-
icant, p<0.001 - highly significant) (Fig. 1B).
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Fig. (1): (A): Showing significant increase of MDA level in the
aspartame group compared with the control groups with no significant
differences between the two control groups. On the other hand, there
was a significant decrease in MDA level in the recovery group com-
pared with the aspartame group. (B): Showing significant decrease of
GSH level in the aspartame group compared with the control groups.
Whileitslevel increased in recovery group compared with aspartame
group. (C): Showing significant increase in NO level in the aspartame
group compared with the control groups with no significant difference
between the two control groups. On the other hand there was significant
decrease in NO level in the recovery group compared with the aspar-
tame group. **=Significance as compared with the control group. #=
Significance as compared with aspartame group.
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Histopathological results:

A- Aspartame’ s effect on the cerebellum’s histolog-
ical structure:

Within the control groups, examination of he-
matoxylin and eosin-stained cerebellar tissue sec-
tions delineated the outer molecular, middle Purkin-
jecell, and inner granular layers, al manifesting a
normative histologica appearance. The molecular
layer featured scant stellate and basket cells, with
stellate cells visible at the surface and basket cells
situated more deeply toward the Purkinje cell layer.
The middle Purkinje layer exhibited pyriform cells,
organized linearly, characterized by large, round nu-
clei with evident nucleoli and basophilic cytoplasm.
Theinner granular layer presented a densely packed
assembly of multiple deep-stained cells, inter-
spersed with acidophilic non-cellular spaces termed
cerebellar islands (Fig. 2A,B). Conversely, the as-
partame-exposed group evidenced Purkinje cell
deformities, exhibiting shrinkage, darkly stained
nuclei and cytoplasm, some cells with vacuous re-

gions, and remnants of cytoplasm devoid of their
typical pyriform morphology, indicative of Purkin-
jecdl loss. The arrangement of Purkinje cells was
irregular, accompanied by significant neuropil loss
in various cerebellar cortex regions (Fig. 2C). The
recovery group displayed a mixture of normal and
irregularly shaped Purkinje cells, with some cells
retaining a shrunken morphology (Fig. 2D).

In the control groups, histopathological scrutiny
of Bielschowsky Silver-stained sections revealed
well-defined Purkinje cells, with nerve fibersin the
molecular layer exhibiting regular arrangement (Fig.
3A,B). Conversely, the aspartame-exposed group
exhibited distorted Purkinje cells and nerve fibersin
the molecular layer displayed irregular arrangement
(Fig. 3C). The recovery group showcased a predom-
inance of normal-appearing Purkinje cells, though
some displayed aberrant or shrunken configurations
(Fig. 3D).

Fig. (2): H& E-stained sections in the cerebellar cortex of (A,B) Control aand control b groups showing normal appearance of Purkinje
cells (arrows), (C) Aspartame group showing shrunken and irregular Purkinje cells with deep acidophilic cytoplasm and deeply stained
nuclei (arrow) and surrounded by perineural space (arrow heads), and (D) Recovery group showing normal appearance of many Purkinje

cells (arrows) while some cells are shrunken and irregular (curved arrows). M: Molecular; P: Purkinje; G: Granular. (Scale bar = 50 pm).
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Fig. (3): Bielschowsky Silver stained sectionsin the cerebellar cortex of (A,B) Control groups showing regular nerve fibers
in molecular layer and Purkinje cells (arrows), (C) Aspartame group showing distorted Purkinje cells (arrow heads) and irregularly
arranged nerve fibersin the molecular layer (blue arrows), and (D) Recovery group showing normal appearance of many Purkinje
cells (arrow) while some cells are shrunken and irregular (arrow head). M: Molecular; P: Purkinje; G: Granular. (Scale bar = 50 pm).

B- Immunohistochemical analysis of the cerebellar
cortex:

Histopathological scrutiny of the cerebellar cor-
tex layers within the control group revealed alack of
immuno-reactivity in various strata, with a subdued
brown cytoplasmic response observed in Purkinje
cells upon histological analysis of sections stained
with the immunohistochemical Caspase-3 apoptotic
marker (Fig. 4A, B). In contrast, the aspartame-ex-
posed group exhibited an augmented number of
Purkinje cells displaying a pronounced, positive
brownish cytoplasmic response indicative of cell
apoptosis (Fig. 4C). Conversely, the recovery group
exhibited a diminished Caspase-3 positive stain, in-
dicative of weakened apoptotic activity (Fig. 4D).

In the molecular and granular layers of the cer-
ebellum in the control and recovery groups, immu-
nohistochemical staining for glial fibrillary acid-
ic protein (GFAP) revealed positive reactions in
Bergmann cells and astrocytes, respectively (Fig.
5A,B,D). In the aspartame group, the GFAP posi-
tive reactivity was intensified in both the molecular
and granular layers. Bergmann cell processes exhib-
ited thick, dense, and undulating morphology, while
astrocytes in the granular layer displayed enlarged
cell bodies and dense processes (Fig. 5C).

Sections stained with S100 indicated a limited
number of positive S100 stained cellsin the cere-

bellar cortex of the control and recovery groups,
whereas the aspartame group manifested an in-
creased count of S100 positive stained cells (Fig.
5E-H). Utilizing synaptophysin, positive staining
was observed in clusters within the cerebellar cortex
of the recovery and control groups. Notably, are-
duction in synaptophysin-positive staining was dis-
cerned in the cerebellar cortex of the aspartame-ex-
posed group (Fig. 6).

Morphometric results:

There was a noticeabl e increase in the num-
ber of S100 immunopositive cells, with the aspar-
tame-treated group exhibiting a nearly fourfold
increase in the number of caspase-3 immunoposi -
tive cells and the area percentage of GFAP immu-
noexpression when compared to the control group
(p<.0.05). In contrast, the recovery group displayed
astatistically significant decrease of approximately
30% (< 0.05) in these values (Figs. 4E, 51 & 5J).
There was a significant reduction in the number of
synaptophysin immunopositive cellsin the cere-
bellar cortex of the aspartame group compared to
the control groups. The Means + SD of the number
of Caspase-3 immuno-positive cells were 0.5+0.22
in the control a group, 0.54+0.19 in the control b
group, 3.75+1.16 in the aspartame group, and
0.620.26 in the recovery group. The Means + SD
of the number of S100 immuno-positive cells were
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8.4+2.3 in the control agroup, 9.92+1.96 in the
control b group, 25.3+3.7 in the aspartame group,
and 12.4+2.03 in the recovery group. The Means
+SD of GFAP areafraction were 11.27+2.86 in the
control agroup, 10.94+2.61 in the control b group,
48.02+2.89 in the aspartame group, and 16.14+2.8
in the recovery group. The Mean + SD of Synapto-
physin area fraction was 26.61+2.67 in the control a
group, 27.49+3.97 in the control b group, 9.8+3.01
in the aspartame group, and 20.77+3.9 in the recov-

ery group.

The number of Purkinje cells significantly de-
creased in the aspartame group compared to the
control group. In contrast, the recovery group ex-
hibited an increase in the number of Purkinje cells
compared to the aspartame group. The Mean + SD
of the number of Purkinje cellswas 11+2.4 in the
control agroup, 12.33+2.58 in the control b group,
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4+1.4 in the aspartame group, and 7.83t1.5 in the
recovery group.

The thickness of the molecular layer decreased
in the aspartame group compared to the control
groups, while in the recovery group, it increased
compared to the aspartame group. The Mean + SD
of the thickness of the granular layer (um) in the
control agroup was 438.67+21.44, 457+25.31 in
the control b group, 324.67+29.06 in the aspartame
group, and 406.33+18.91 in the recovery group.
The thickness of the granular layer in the aspartame
group decreased compared to the control group,
while in the recovery group, it increased compared
to the aspartame group. The Mean = SD of the
thickness of the granular layer (um) in the control
group was 438.67+21.44, 324.67+29.06 in the as-
partame group, and 406.33+18.91 in the recovery

group (Fig. 7).

Control a Control b Aspartame Recovery

Groups

Fig. (4): Shows immunohistochemical staining for Caspase-3 in the cerebellar cortex of (A, B) Control, (C) Aspartame group,
(D) Recovery group; Caspase-3 positive stain was strong in aspartame group (arrows) and weak in recovery group (Arrowhead).
M: Molecular; P: Purkinje; G: Granular. (Scale bar = 50pm). (E) The morphometric analysis of immunohistochemical staining for
Caspase-3 in the cerebellar cortex showing significant increase in the numbers of Caspase-3 immunopositive cells in the aspartame
group compared with the control groups and significant decrease in the number of these cells in the recovery group compared with the
aspartame group. **=Significance as compared with the control group. #=Significance as compared with aspartame group.
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Fig. (5): (A-D) showsimmunohistochemical staining for GFAP in the cerebellar cortex of control, aspartame, and recovery groups; (A, B &
D) GFAP positive Bergmann cells were observed in the molecular layer (arrows) and positive GFAP astrocytes were observed in the granular layer
(arrow heads) of the cerebella of control and recovery groups, (C) In the cerebellum of aspartame group the GFAP positive reaction was increased in
both molecular and granular layers. Bergmann cells have thick, dense, and wavy processes (arrows). The astrocytes in the granular layer have large
cell bodies with dense process (arrow heads). (1) the morphometric analysis of this stain showing significant increase in the GFAP positive areasin
the aspartame group compared with the control groups and significant decrease in the GFAP positive areas in the recovery group compared with the
aspartame group. (E-H) shows immunohistochemical staining for S100 the cerebellar cortex of control, aspartame, and recovery groups; the number
of S100 stained cells was increased in (G) aspartame group (red arrows). (J) The morphometric analysis of this stain showing significant increasein
the numbers of S100 immuno-positive cells in the aspartame group compared with the control groups and highly significant decrease in the number
of these cells in the recovery group compared with the aspartame group.M, molecular; P, Purkinje; G, granular. (Scale bar=50um). **=Significance as
compared with the control group. #=Significance as compared with aspartame group.
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Fig. (6): Shows immunohistochemical staining for synaptophysin in the cerebellar cortex of (A, B) Control groups, (C) Aspartame
group, (D) Recovery group; synaptophysin-positive stain could be observed in clustersin the cerebellar cortex of control and recovery
groups. A decrease of synaptophysin-positive stain (Arrowhead) was observed in the cerebellar cortex of the aspartame group. Morpho-
metric analysis of immunohistochemical staining for synaptophysin showing significant decrease in aspartame group compared to the
control group and significant increase in the recovery group compared to aspartame group. Aspartame group showed decrease of synapto-
physin-positive stain as shown in (E). M: Molecular; P: Purkinje; G: Granular. (Scale bar=50um). **=Significance as compared with the
control group, #=Significance as compared with aspartame group.
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Fig. (7): (A) Morphometric analysis of number of Purkinje cell showing significant decrease in the numbers of Purkinje cell in the aspartame
group compared with the control groups and significant increase in the number of these cells in the recovery group compared with the aspartame group.
With no significant difference between the two control groups. (B) Morphometric analysis of number of thickness of the molecular layer and granular
layer showing significant decrease in the thickness of both molecular and granular layersin the aspartame group compared with the control groups and
significant increase in the thickness of these layersin the recovery group compared with the aspartame group. With no significance difference between
the two control groups **=Significance as compared with the control group. #=Significance as compared with aspartame group.
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Discussion

Aspartameis used in consumables such as chew-
ing gum and soft drinks as an artificial, non-nutri-
tive sweetener [11]. Numerous experiments have re-
vealed how aspartame had toxic impact on various
organs, such asthe brain, liver, and heart [9,12]. The
objective of thisresearch isto clarify the specific ef-
fects of aspartame on the cerebellum of adult albino
rats, with particular emphasis on characterizing the
consequences and potential recovery from cerebel-
lar lesions caused by aspartame.

An indicative manifestation of oxidative stress
involves lipid peroxidation, a pivotal factor in the
toxicity of various xenobiotics[13]. This processis
mediated by free radicals and was observed to es-
calatein all regions of the rat brain subsequent to
aspartame consumption, exerting deleterious effects
on cellular functions[14]. Notably, this phenomenon
gives rise to mediators such as malondialdehyde
(MDA), avalidated biomarker for oxidative stress
[15]. Glutathione (GSH), a principal constituent of
antioxidant factors within living cells, assumes a
crucia role, and its depletion contributes to cellular
damage[16].

Compared to the control groups, the group ex-
posed to aspartame experienced a significant in-
crease in malondialdehyde (MDA) and nitric oxide
(NO) levels according to this investigation. Con-
currently, the glutathione (GSH) level exhibited a
notable and statistically significant reduction in the
aspartame group as compared to the control groups.
These observations collectively signify that aspar-
tame has the potential to induce oxidative damage.
This aligns with previous research [5], which re-
ported a substantial elevation in lipid peroxidation
(LPO) levels, aconsiderable decline in glutathione
(GSH) content, and an increase in superoxide dis-
mutase (SOD) activity upon daily aspartame con-
sumption for four weeks. Additionally, lyyaswamy
and Rathinasamy [17] noted a significant increase
in LPO levels coupled with a potential reduction in
GSH and protein thiol levels.

Furthermore, the observed el evationsin vari-
0us enzymes were region-specific, indicating that
prolonged ingestion of aspartame leads to elevated
blood methanol levels, thereby inducing oxidative
stress in specific brain regions. Correspondingly,
Abdel-Salam et al. [18] posited that aspartame may
exacerbate oxidative stress and inflammation in the
brain, irrespective of the presence of an inflammato-
ry response. Similarly, Abhilash et al. [19] contend-
ed that it attenuates the brain’ s antioxidant defense
mechanism. Moreover, methanol, a constituent of
aspartame, was identified as a causative agent of
oxidative damage, eliciting increased lipid peroxi-
dation and free radical levels[20].

Hematoxylin and eosin-stained tissue sections
from the aspartame-exposed group in the current in-
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vestigation revealed marked deformities, shrinkage,
and irregular arrangement of Purkinje cells. Nota-
bly, some Purkinje cells exhibited apparent vacu-
olization and remnants of cytoplasm, indicative of
the loss of cellular integrity. These findings are con-
sistent with observations by Sobaniec et al. [21] and
Mohamed [22], who reported a discernible reduction
in Purkinje cell count, accompanied by shrunken
cells displaying densely stained cytoplasm, ill-de-
fined nuclei, vacuolated neuropils, and complete
Purkinje cell loss in specific regions within the
aspartame-exposed group. Furthermore, Baky [23]
documented vacuolated areas, necrosis, and apopto-
sisacross al layers of the cerebellum, while Fritsch
et al. [24] attributed the appearance of dark neurons
in the Purkinje and granular cell layers of the aspar-
tame-treated group to neuronal degeneration.

Aspartame, comprising aspartic acid, phenyla-
lanine, and methanol [25], induced diverse forms of
cell death, as elucidated by Hutchins et al. [26] and
Okashal6]. These authors proposed that the generat-
ed aspartic acid could elevate intracellular ion levels,
exerting detrimental effects on cellular organelles.
Additionally, methanol, constituting approximately
10% of aspartame, transforms into formaldehyde in
the liver, demonstrating neurotoxicity and instigat-
ing DNA damage [27,28]. The alterations observed
in Purkinje cellsin this study align with the pivotal
role of these cellsin transmitting information from
the cerebellum to other brain regions[29].

This research suggests that aspartic acid and
methanol are involved in the cytoplasmic vacuo-
lation, which results in an amino acid imbalance
around neurons and facilitates the entry of free
radicals. These free radicals interact with proteins
and lipids within various organelles, leading to cy-
toplasmic vacuolation and potential alterationsin
nuclear chromatin [30].

Aspartame could traverse the blood-brain barri-
er, leading to neurotoxicity and brain damage [31],
thereby contributing to diverse neurological con-
ditions, including memory loss and seizures [32].
The observed neuronal damage in the aspartame
group aligns with the histological examination of
Bielschowsky Silver-stained sections, revealing
distorted Purkinje cells characterized by substantial
accumulation of cytoskeletal elements and irregu-
larly arranged nerve fibers in the molecular layer,
indicative of neura injury. These findings correlate
with the outcomes of Onaolapo et al.[33,34],who re-
ported graded loss of nerve fibers and mild to mod-
erate neurodegeneration.

Immunohistochemical staining of sections with
the apoptotic marker caspase-3 revealed a signif-
icantly positive cytoplasmic reaction, indicative
of increased apoptosis in Purkinje cells within the
aspartame-exposed group. This outcome resonates
with findings by Ibrahim [35], who interpreted such
results asindicative of apoptosis, and the explana-
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tion provided by Zhang and Bhavnani [36] linking
apoptosis in the aspartame group to cytochrome c
release, akey enzyme in oxidative phosphorylation,
and subsequent activation of apoptosis-inducing
caspases 3 and 9.

Glid fibrillary acidic protein (GFAP), a specific
marker for astrocytes [37,38], increased significant-
ly in both the granular and molecular layers of the
cerebellum in the aspartame group, showcasing al-
terations in Bergmann cells and astrocytes. These
observations parallel those of Tollefson and Barnard
[40] and Mohamed [22], who utilized GFAP immu-
nostaining to reveal an augmentation in the number
of astrocytes in the aspartame-exposed group. The
risein astrocytes is considered a defensive mech-
anism against central nervous system damage[22].

S100 proteins, modulatory proteins binding cal-
cium, are primarily synthesized in the brain by as-
trocytes in response to nerve tissue damage [39,40].
Theincreased number of S100-positive stained cells
in the aspartame-exposed group’ s cerebellar cortex
suggests neuronal injury, apoptosis, and oxidative
stress. Synaptophysin, a presynaptic membrane
protein crucial for maintaining synaptic integrity
[41, 45], demonstrated reduced immunoreactivity in
the cerebellar cortex of the aspartame group, indi-
cating decreased synaptic activity. Thisalignswith
the findings of Abdelghany et al. [46], who associat-
ed decreased synaptophysin reactivity with aberrant
axon transport and diminished synaptic function.
The recovery group, representing a cessation of as-
partame exposure for six weeks, exhibited signifi-
cantly lower levels of malondialdehyde (MDA) and
nitric oxide (NO) compared to the aspartame group,
alongside an elevation in glutathione (GSH) levels.
These results suggest areduction in oxidative stress
following the discontinuation of aspartame.

Histopathological examination of both hema-
toxylin and eosin (H& E) and Bielschowsky Sil-
ver-stained sectionsin the recovery group revealed
that numerous Purkinje cells exhibited a normal
appearance, while some displayed abnormal and
shrunken shapes. Comparative analysis demonstrat-
ed a substantial decrease in the number of S100 and
caspase-3 immuno-positive cells and areduction in
the area percentage of GFAP immuno-expression
in the recovery group compared to the aspartame
group. These findings collectively signify an ame-
lioration in the cerebellar cortex, approaching nor-
malcy following the withdrawal of aspartame [47].
Notably, this study represents a pioneering effort in
establishing that recovery from aspartame exposure
results in a near-compl ete restoration of the cerebel-
lar cortex.

While previous studies reported partia recovery
within one month [22], the present findings indicate
amore comprehensive improvement after six weeks
of aspartame withdrawal. Mohamed [22] attributed
this recovery to the natural scavenging of free rad-

icals within cells, constituting an inherent antioxi-
dant process activated by neurons. This aligns with
the assertion that microglial cells may contribute to
brain repair by releasing cytokines and growth fac-
tors[48]. Additionally, Omar [49] reported improve-
ments in various parameters in the frontal cortex
four weeks after aspartame dosing. However, Bek-
heet and Rady [50] argued that spontaneous healing
after four weeks without aspartame was incompl ete,
recommending a more extended recovery period for
evaluation.

Conclusion:

In conclusion, this study establishes that aspar-
tame induces inflammation and oxidative stressin
the brain, resulting in neuronal degeneration and
apoptosis, particularly with prolonged use. Howev-
er, an extended recovery period from aspartame ex-
posure appears to mitigate these deleterious effects,
indicating a potential for restoration.
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