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ABSTRACT

Background: We investigated the sodium benzoate effects on motor coordination, cerebellar
purkinje cells, and oxidative stress in Wistar rats’ brain.

Methods: Male Wistar rats were divided into three groups of six each. Group 1 given 0.5ml
distilled water; Group 2 given 100 mg/kg sodium benzoate (NaB); and Group 3given 300 mg/kg
NaB. The NaB solution was given orally for 28 days. Hanging wire and footprint tests were
performed. Upon sacrifice, the cerebellar tissue samples were collected, and malondialdehyde
assay was performed. Histological analyses of the cerebellar sections stained with H&E, cresyl fast
violet and glial fibrillary acidic protein were performed. The Purkinje cells were also counted in
the cerebellar samples.

Results: On the hanging wire tests, control rats and those given NaB100mg/kg groups took longer
time to fall off, compared to those given NaB300mg/kg (P<0.05). Footprint tests revealed changes
in the animals’ stance and stride patterns. The base width, stride length, and overlap length showed
no significant differences across the three groups. The NaB at 300mg/kg adversely affected the
cerebellar Purkinje cells, reduced the numbers, and caused distortions. The nissl substances were
stained lightly and the GFAP expression indicated gliosis, particularly in rats given NaB300mg/kg.
The oxidative stress indicators increased after NaB treatment at 300mg/kg but not at 100mg/kg.
Conclusion: NaB at 300mg/kg altered the cerebellar Purkinje cells, increased the oxidative stress,
and affected the motor coordination. The group treated with NaB100mg/kg exhibited fewer
adverse effects than those with NaB300mg/kg.
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Introduction

The cerebellum plays a crucial role in various
forms of motor learning [1]. It has the ability to
integrate, modify, or impact a broad spectrum of
neural activities that are still not fully understood
[2]. In fact, the cerebellum participates in the
coordination and integration of both motor and
cognitive processes. Structurally, the cerebellar
cortex comprises three tiers: the basal granular layer
houses granule cells and interneurons; the central
layer contains the Purkinje cell bodies, and the
uppermost layer consists of Purkinje cell dendrites
and parallel fibres. Also, within the outer layer,
inhibitory interneurons such as stellate and basket
cells are located, utilizing GABA to inhibit the
Purkinje cell dendrites [3].

In the cerebellar circuitry, two prominent types of
neurons hold key roles: Purkinje and granule cells
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[1]. Climbing fibres, axons originating externally,
and entering the cerebellum, connect with Purkinje
cells and send branches directly to the deep nuclei.
Among all cell types in the brain, Purkinje cells
receive the most synaptic inputs. It has been
suggested that the number of spines on a solitary
human Purkinje cell can reach as high as 200,000
[3]. The cerebellum is the main target of drug
exposure, drug abuse and addiction, intoxication,
and environmental toxins [4-6].

Sodium benzoate (NaB) serves as a popular food
additive and preservative, effectively inhibiting the
proliferation of microorganisms, such as bacteria,
yeast, and molds in a wide range of foods and
beverages [7]. Further, NaB has application in
addressing such conditions as depression, pain,
schizophrenia, autism spectrum disorders, and some
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neurodegenerative diseases [8]. Also, major
regulatory bodies consider NaB safe for public
consumption [7]. Nevertheless, there have been
instances of adverse effects linked to NaB. For
instance, experimental rats exposed to NaB have
exhibited unfavorable shifts in various blood
biochemical indicators [9]. The use of NaB may
potentially lead to DNA damage and increased
formation of micronuclei [10]. Notably, NaB can
interact with ascorbic acid in beverages, resulting in
the formation of carcinogenic compound, such as
benzene [11].

Although, NaB effects have been reported in
numerous studies previously, there are gaps in our
understanding of its impact on aspects of motor
coordination and the cerebellar Purkinje cell layer.
This layer is of particular interest because the cells
are the principal output neurons in the cerebellum.
They receive input from various sources, including
the cerebellar cortex and other brain regions, and
play a critical role in the integration and modulation
of motor signals before transmitting them to deep
cerebellar nuclei and to other parts of the brain. This
study was planned to investigate the impact of NaB
on motor coordination, cerebellar Purkinje cell
layer, and oxidative stress in Wistar rats.

Materials and Methods

Animals

A total of 18 adolescent male Wistar rats with an
average weight of 217.6 grams were obtained from
Temilola animal husbandry located in Ogbomoso,
Oyo State, Nigeria. They were placed in the animal
facility of the Faculty of Basic Medical Sciences at
Adeleke University in Ede, Nigeria. They were kept
in standard plastic cages with iron lids. The rats were
allowed a period of ten days to adapt to the
environment before they were divided in groups and
administered with the assigned substances.
Throughout this adaptation phase and for the entire
duration of the study, the rats were subjected
consistently to 12 hours of alternating light and dark
cycles. Also, the rats had free access to both foods
and potable water. The study's procedures and
treatments were approved by the Research Ethics
Committee of Adeleke University in Ede, Nigeria
(Registration Code: N0:00650).
Experimental Design

After the adaptation period, the rats were
randomly divided into three groups of six rats each.
For a continuous span of 28 days, the treatments
were given by oral gavage as follows: Group 1
(control) was given 0.5 ml of distilled water; Group
2 received sodium benzoate at 100 mg/kg of body
weight; and Group 3 was administered sodium
benzoate at 300 mg/kg. The dosage and duration of
the assigned treatments were based on preliminary
studies carried out by the authors.
Behavioral Tests
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Hanging Wire Test: The test was conducted for
four days after the completion of NaB
administration, based on the modified method of
Aartsma-Rus & van Putten [12] and that of Amedu
& Omotoso [13]. The apparatus consisted of a 55-
cm wide metallic wire, 2-mm thick, secured between
two vertical supports. The gaps between the metallic
wire and the soft bedding beneath it measured 37-
cm. In this experiment, each rat was held by its tail
and allowed to grip the 2-mm thick metallic wire,
using its front paws exclusively. Subsequently, a
stopwatch was started to measure the duration until
the rat fell off the wire. This was the recorded
duration of hanging for each animal. The same
procedure was used for all animals, with each rat
undergoing a maximum of three hanging attempts
before calculating the average hanging duration.

Footprint Test: The method used for this test was
adapted based on procedures described by two
earlier studies [13, 14]. The test itself took place five
days after the administration phase had been ended.
The test apparatus was constructed as an open-top
runway connected to a cage with openings at both
ends. The runway spanned a length of 60-cm and a
width of 11-cm. Moreover, the runway was bordered
by two walls, each standing at a height of 12-cm.
The rats were allowed 30 minutes to be familiarized
with the testing environment. In order to capture the
footprints, the rats’ front paws were coated with non-
toxic red ink, while the hind paws were soaked in
blue ink. The rats were then encouraged to walk
down the runway covered with white paper. Six rats
from each group participated, and every rat
underwent three trials. Once the footprints dried up,
the subsequent parameters were measured using a
ruler and pencil. We measured the base width,
overlap width, stride length for the front limbs, and
stride length for the hind limbs. The average value
for each parameter was subsequently computed for
each group.

Brain Sample Harvesting

After the completion of the behavioral evaluation,
the two rats selected for histopathological
examinations were injected with ketamine
intraperitoneally (50mg/ml; Pakson Pharma, PVT
Ltd., India). Following this step, a perfusion and
fixation process was carried out, using a buffered
solution of 10% normal saline [15]. Subsequently,
the rats were decapitated, and their cerebella were
carefully harvested. The excised section of the
cerebella from each rat was then subjected to post-
fixation in a buffered 10% normal-saline solution for
24 hours.

Histopathological Analyses

After being post-fixed in buffered 10% normal-
saline for 24 hours, the tissue samples were
processed and embedded in paraffin wax blocks.
The blocks were subsequently sliced into thin
sections and stained with Haematoxylin and Eosin
(H&E), and cresyl fast violet (CFV). The staining
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was performed following the guidelines provided by
Bancroft & Layton [16] and Wolfe [17] to enable the
standard  histological and Nissl substance
examinations of the cerebellar tissue samples. The
stained sections were examined using a light
binocular microscope (Olympus, New Jersey, USA),
and the images were photographed on the attached
Amscope camera (MD500, CA, USA). For each
section, six visual fields of the Purkinje cell layer
were photographed and used for the subsequent
quantification of cell numbers, utilizing the ImageJ
software (National Institute of Health, USA).
Immuno-histochemical Assay

The tissue sections went through paraffin wax
removal and antigen retrieval processes, followed by
exposure to Phosphate Buffered Saline (PBS) and
hydrogen peroxide to inhibit the activity of natural
peroxidase. To prevent background staining, normal
goat serum was utilized, after which the sections
were exposed to polyclonal rabbit anti-GFAP serum
(diluted 1:500) for a period of 24 hours at 4°C.
Subsequently, a series of applications including
biotinylated mouse anti-rabbit solution and the
Avidin-Biotin complex were performed
sequentially. The immune complexes were then
visualized, wusing 3,3’-Diaminobenzidine. To
provide contrast, Haematoxylin counterstaining was
performed, and the stained sections were examined
under a light binocular microscope (Olympus, New
Jersey, USA) and photographed on the Amscope
camera (MD500, CA, USA).
Malondialdehyde Assay

The cerebellar tissue samples (n=4), were rinsed
with PBS and subsequently homogenized, using a
Teflon Potter—Elvehjem homogenizer on ice to
create the homogenate solution. This homogenate
was then subjected to centrifugation at 13,000g for
five minutes, and the supernatant was used to
measure the MDA level in each sample. The
evaluation of MDA concentration was conducted
consistent with the procedure provided by assay kits
received from Sigma-Aldrich (St. Louis, MO,
USA).
Statistical Analyses

The data analysis was carried out on GraphPad
Prism software, version 9.0. Statistical comparisons
were made using one-way analysis of variance
(ANOVA) coupled with Tukey's multiple post-hoc
tests. All results were presented as the means =+
standard deviations, and the statistical significance
of the differences were set at the level of P<0.05.

Results

Effect of Sodium Benzoate on Motor Coordination

As shown in Figure 1, the outcomes from the
hanging wire experiment demonstrated that there
was no significant difference in the duration for the
animals to drop from the wire, in those treated with
the NaB100mg/kg (75+£2.6 s) compared to the
control (80 +1.5s). However, the animals given

NaB300mg/kg exhibited notably shorter times (65
+2.6s; P<0.05) to fall from the wire, as compared to
both the control (80£1.5 s) and those treated with
NaB100mg/kg (75 +2.6 s). The representative
photograph of the footprints (Figure 5) illustrated
that the controls displayed stances with closely
positioned forelimb (marked in red) and hind limb
footprints (marked in blue), indicative of a stable
proximity.

100
80

60

Hang wire Test (s)

Figure 1. Time spent hanging to wire. Data expressed as mean +
SD (n=6).

NaB=Sodium benzoate. aP<0.05 vs Control group; bP<0.05 vs
NaB 100mg/kg treated group.
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Figure 2. Footprint analysis of stride length in cm. Data
expressed as mean + SD (n=6).
NaB=Sodium benzoate. All P values were >0.05.

2.5+
= 2.0+ —
R
= 1.5
=
S | EEEEEEEEE 0 pemmemmiemmm=nen
= .
3 10 S
0.0- T
S
é‘&‘.
)
,,_,Q
&

X

Figure 3. Footprint analysis of base width. Data expressed as
mean £ SD (n=6).
NaB=Sodium benzoate. All P values were >0.05.
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Figure 4. Footprint analysis of overlap length. Data expressed as
mean + SD (n=6).
NaB=Sodium benzoate. All P values were >0.05
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Figure 5. Representative footprint photograph.

Conversely, the NaB100mg/kg group showed
broader overlapping stances and smaller strides. In
contrast, the footprint pattern in the NaB300mg/kg
group revealed extended strides compared to the
control.

As shown in Figure 3, the analysis of base width
indicated that there was no significant difference
(P>0.05) in the base width between the
NaB100mg/kg and 300mg/kg treated groups (1.5

+0.23 cm Vs. 1.5 £0.20 cm) in contrast to that of the
control (2.0 £0.26 cm). Likewise, the findings for
the stride length (Figure 2) and overlap length
(Figure 4) revealed no significant differences
(P>0.05) between the NaB100mg/kg and 300mg/kg
treated groups as compared to the control.
Impact of Sodium Benzoate on Cerebellar Purkinje
cells, Nissl Substance, and GFAP Expression

The image displayed in Figure 6 depicts a
photomicrograph of the rat cerebellum sections
stained with H&E. In the group treated with NaB at
300mg/kg, the layer containing Purkinje cells
appeared distorted, and fewer cells were present
compared to those of other groups, particularly the
control. The Purkinje cells count, as illustrated in
Figure 8, was significantly lower (P<0.05) in the
NaB300mg/kg treated group (40£1.7) compared to
that of the control (51+£6.9). Figure 7 presents
photomicrographs of the rat cerebellar sections
stained with CFV. In both the control and the
NaB100mg/kg treated groups, there was intense
staining of Nissl substances (red arrows), and only
few cells exhibited chromatolysis. However, in the
NaB300mg/kg treated group, the Nissl substances in
numerous cells were faintly stained, and displayed
chromatolysis (yellow arrows). As shown in Figure
9, sections of the cerebellum processed with GFAP-
immunostaining showed no noticeable immune
reactivity in the control group. However, both the
NaB100mg/kg and NaB300mg/kg treated groups
displayed cells that were immunopositive for GFAP
(red arrows). The NaB300mg/kg treated group
exhibited a  higher number of GFAP-

immunopositive cells.

Figure 6. Representative photomicrograph of H&E-stained section of rats” cerebellum.
Control group, NaB 100mg/kg group, and NaB 100mg/kg treated group. Scale bar =180 pm.
Blue arrows = Purkinje cell layer; Yellow arrows = Distorted Purkinje cell layer.
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Figure 7. Representative photomicrograph of CFV-stained section of rats’ cerebellum.
Control group, NaB 100mg/kg group, and NaB 100mg/kg treated group. Scale bar=180 um.
Red arrows = Intense Nissl stain of purkinje cells; Yellow arrows = lightly stained Nissl substance of purkinje cell.

Purkinje cells/field

Figure 8. The number of Purkinje cells per field counted in rat
Purkinje cell layer.

Data expressed as mean = SD. NaB=Sodium benzoate. a P <0.05
vs Control group.

of GFAP-

photomicrograph
Immunoreactive section of rats’ cerebellum.
Control group, NaB 100mg/kg group, and NaB 100mg/kg treated
group. Scale bar =45 pm.

Red arrows = immuno-positive cells.

Figure 9. Representative
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Figure 10. Malondialdehyde level in rats’ cerebellum. Data
express as mean + SD.

NaB=Sodium benzoate; MDA= Malondialdehyde. a P<0.05 vs
Control group; b P<0.05 vs NaB 100mg/kg treated group.

Influence of Sodium Benzoate on Indicators of
Oxidative Stress

The MDA concentration, as shown in Figure 10,
was considerably elevated in the group treated with
NaB at 300mg/kg compared to the control
(0.73+0.12 vs. 0.37+0.058; P<0.05). Conversely, the
MDA level in the NaB100mg/kg treated group did
not display a significant difference as compared to
the control (0.43+0.12 vs. 0.37+0.058; P>0.05).

Discussion

The role of cerebellum is critical in motor learning
[1]. It can integrate, or influence a wide range of
neural activities, which are not yet fully understood
[2]. Indeed, cerebellum is involved in the
coordination or integration of motor and cognitive
processes. In animal models, gait and motor
coordination are tested using footprint patterns,
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hanging from wire, and beam walking, among other
tests [13, 14].

In this study, the data obtained from the hanging
wire test indicated that there was no substantial
disparity in the length of time it took for the animals
to fall from the wire comparing the controls with
those in NaB100mg/kg group. However, the animals
in the NaB300mg/kg group displayed a significantly
shorter duration to drop off of the wire compared to
both the control and the NaB100mg/kg groups. This
finding suggests that NaB at the higher dosage
(300mg/kg) had a greater impact on the animals'
ability to maintain their hold on the wire, thus
leading to sooner falls.

The examination of the base widths (the width
between the feet during movement) revealed that
there were no significant differences between the
groups treated with NaB100mg/kg and 300mg/kg,
compared to the control. The lack of significant
difference suggests that sodium benzoate treatment
did not noticeably affect the base width of the feet in
rats during walking. Similarly, the stride length (the
distance covered in one step) and overlap length (the
degree of overlap between successive steps) were
also assessed. The results indicated that there were
no significant differences in stride and overlap
lengths between the groups treated with NaB at 100
or 300mg/kg, as compared to the control. This
observation implies that sodium benzoate treatment
did not result in significant alterations in the animals'
stride length or the degree of overlap between their
steps.

The large, spherical Purkinje cell bodies are
densely arranged within a slim layer in the cerebellar
cortex, referred to as the Purkinje layer [3]. These
cells are the prominent neurons of the cerebellar
circuitry that receive the most synaptic inputs [1]. In
the current study, the cohort group administered
with NaB at 300mg/kg exhibited noticeable
distortions in the Purkinje cells layer with reduced
cell counts as compared to those in other groups,
especially the control. The quantification of Purkinje
cells, as shown in Figure 8, revealed a substantial
reduction in the NaB 300mg/kg treated group in
contrast with the controls. This implies that the NaB
at a higher dose had negative effects on the Purkinje
cells, both in terms of their number and arrangement
in the cerebellum. As Purkinje cell axons are the sole
output in the cerebellar cortex, losses or deficits in
their number could result in such pathologies as
ataxia, multiple sclerosis, and other abnormal
neurological conditions [18].

The Nissl stain is widely used to examine the
overall morphology of the brain, identify neuronal
abnormalities, and analyse alterations in neurons
due to various factors, such as injury, disease, or
experimental treatments [ 19]. In both the control and
the NaB100mg/kg treated groups, there was intense
staining of the Nissl bodies, and only a few cells
exhibited chromatolysis, indicative of disintegration
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or breakdown of Nissl bodies. However, in the
NaB300mg/kg treated group, the Nissl bodies in
numerous cells were faintly stained, and displayed
chromatolysis. These findings imply that the
treatment with NaB at 300mg/kg had a more
pronounced effect on cellular structure and function
compared to those observed for the lower NaB
dosage.

Assessment of GFAP staining provides valuable
insights into the extent of astrocyte activation and
the degree of CNS damage, or disease progression.
In cases of brain injury, neurodegenerative diseases,
and similar neurological disorders, the expression of
GFAP can increase as brain tissue responses to
damage or stress [20]. The increased expression of
GFAP is often used as an indicator of gliosis, which
is the process of astrocyte activation in response to
neural tissue injury. In this study, we found that
treatment with NaB led to a rise in the expression of
GFAP in the cerebellum. This effect was more
prominent in the group treated with the higher dose
of NaB (300mg/kg) compared to the lower dose
(100mg/kg), and the untreated controls. This finding
implies that various doses of NaB trigger the
activation of astrocytes, leading to increased GFAP
expression, i.e., gliosis within the cerebellum.
Further, the finding also suggests that the effect is
linked to the NaB dosage, with the higher dose
exhibiting a stronger response. This finding also
implies that the group treated with NaB at 300mg/kg
displayed  substantially greater neurological
alterations and responses to the injury, possibly
associated with neurodegenerative processes.

Malondialdehyde (MDA) molecule is formed as a
result of lipid peroxidation, which occurs due to
oxidative stress and the interaction of reactive
oxygen species with lipid molecules in the cell
membranes [21]. This molecule serves as a marker
for oxidative damage and is often measured to assess
the levels of lipid peroxidation and oxidative stress
in biological systems [22]. In this study, the
concentration of MDA was notably elevated in the
group treated with NaB at 300mg/kg compared to
that of the control. The consequences of the elevated
MDA concentration in the group treated with NaB at
300mg/kg could include increased oxidative stress,
cellular damages, potential inflammation, and risk
of various diseases. The evidence for oxidative
stress and cellular damage was already established
based on the results of this study, as presented in
Figures 6, 7 & 10.

Conclusions

This study investigated the effects of sodium
benzoate on motor coordination, cerebellar
histology, and oxidative stress in rats’ cerebella. The
group treated with NaB300mg/kg exhibited
alterations in the Purkinje cell layers, increased
oxidative stress, as indicated by elevated MDA
levels, and motor incoordination. However, the
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group treated with NaB100mg/kg showed minimal
differences compared to the control. The study
findings underscore dose-dependent outcomes and
suggest a complex interplay between sodium
benzoate administration and various physiological
parameters. Further research is warranted to fully
understand the implications of these findings and
their potential significance in clinical contexts.
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