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ABSTRACT 

Background and aim: Potassium sorbate is commonly used as an antimicrobial preservative in oral and topical 

pharmaceutical formulations and is generally regarded as a relatively nontoxic substance by the US FDA. 

However, some adverse reactions to potassium sorbate have been reported. This research aimed to investigate the 

effects of potassium sorbate on the structure and function of the hippocampus in adult male Wistar rats. 

Materials and Methods: Twenty-five male Wistar rats, aged 8-10 weeks and weighing 180-220g, were randomly 

divided into five groups of five rats each. The groups included Group NS, which received normal saline; PS25, 

which received potassium sorbate at 25 mg/kg body weight; PS50, which received potassium sorbate at 50 mg/kg 

body weight; PS100, which received potassium sorbate at 100 mg/kg body weight; and PS200, which received 

potassium sorbate at 200 mg/kg body weight. All treatments were administered orally every day for 56 days. 

Histological, biochemical, and immunohistochemical methods were used to assess the structural and functional 

characteristics of the groups. The immunohistochemical localisation of GFAP (Glial Fibrillary Acidic Protein), 

NeuN (Neuronal Nuclear Protein), and BCL-2 (B-cell Lymphoma/Leukemia 2 Protein) was performed. 

Additionally, the effects on the animals’ behaviour were evaluated using behavioural tests. 

Results: The structure and expression of proteins in the hippocampus were dose-dependently distorted; however, 

no notable changes in learning and memory functions were observed in the animals. 

Conclusion: Potassium sorbate exhibits deleterious effects on the hippocampus of rats in a dose-dependent 

manner. 
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INTRODUCTION 
Technological advancements have increased the 

reliance of our modern food sector on processing 
and chemicals. The food business has been 
developing new chemicals constantly for years to 
modify, preserve, and transform our food. 
Chemicals enable scientists to imitate natural 
flavours, colour foods to make them appear more 
“natural” or “fresh,” preserve food for ever-
increasing amounts of time, and produce 
modified versions of bread, crackers, fruits, 
vegetables, meats, dairy products, and many 
other everyday foods (Sparks et al., 2017). There 
are currently “foods” that are chemically 
produced. Most of the components in candies, 
sugar substitutes, and coffee creamers are 
synthetic. A body’s particular metabolic 
equilibrium may be significantly impacted by such 
alteration in food intake. These alterations are 
done using various food additives. 
Additives are substances used in the food industry 
for many purposes, such as to preserve food to 

 
enhance its taste or appearance (Sahu, 2016). The 
Food and Drug Administration (FDA) has updated 
an online list of these food additives, which 
nowadays include more than 3000 substances 
(Pressman et al., 2017). Prior to their use in foods, 
they must pass a premarket safety evaluation 
following a specific food additive regulation from 
particular government agencies, such as the FDA 
in the United States or the European Food Safety 
Authority (EFSA) in Europe (Roberts, 2016). A 
specific group of food additives named “Generally 
Recognised As Safe” (GRAS) includes about 1000 
substances that are considered safe by experts 
and are exempted from the usual tolerance 
requirements (Burdock and Carabin, 2004). The 
widespread use of additives has caused concern 
among consumers about the possibility of 
adverse reactions. Some years back, the American 
Academy of Pediatrics (AAP) raised concerns 
regarding GRAS's safety in children (Trasande et 
al., 2018).  
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Potassium sorbate is a naturally occurring unsaturated fatty acid 
that is completely safe regarding health and has the lowest 
allergenic potential of all food preservatives (EFSA Panel on Food 
Additives and Nutrient Sources added to Food (ANS), 2015). In 
recent times, most potassium sorbate is made synthetically 
(Sharma and Rajput, 2023). There are more and more concerns 
regarding the safe use of sorbate (Anand and Sati, 2013). 

Quantitative determination procedures must be established to 
assess consumer intake levels of specific preservatives like PS in 
the acidic or anionic form in food (Nagasinduja and Shahitha, 
2019). While some studies reported that potassium sorbate could 
contribute to the activation of inflammatory pathways (Raposa et 
al., 2016, Xiao et al., 2024), other studies indicate that sorbate 
has anti-inflammatory properties (Pahan 2011). Prior studies 
have suggested the negative effects of potassium sorbate on the 
brain. However, little is known about the mechanisms by which 
potassium sorbate intake causes brain damage. The continuous 
use of potassium sorbate in food and drinks in developing 
countries necessitates a detailed investigation of its effect on the 
brain (Raposa et al., 2016, Piper, 2018). Therefore, this study 
investigated the effect of potassium sorbate administration on 
the hippocampus. This research explored the impact of 
potassium sorbate on the structure and function of the 
hippocampus by investigating the Potassium sorbate-induced 
biochemical, histoarchitectural and neuro-behavioural changes in 
the hippocampus of adult male Wistar rats.  

MATERIAL AND METHODS 

Experimental animals 

Twenty-five male Wistar rats aged 8-10 weeks, with body weights 
180-220g, were housed in standard cages under natural light 
conditions. They were fed with standard animal pellets and water 
ad libitum. The animals were allowed to acclimatise to their new 
environment for two (2) weeks in the Animal House of the Faculty 
of Basic Medical Sciences, University of Ilorin. Potassium sorbate 
with CAS Number (CAS No. 24634-61-5) was purchased from 
Sigma-Aldrich. The study was approved by the University of Ilorin 
Ethical Review Committee (UERC) with approval number 
UERC/ASN/2022/2358, and the research was carried out in 
compliance with the Institutional Animal Care and Use 
Committee (IACUC). 

Experimental design 

The rats were randomly divided into five groups of five rats each. 
These include Group NS, which received normal saline; PS25, 
which received 25 mg/kg body weight of Potassium sorbate; 
PS50, which received 50 mg/kg body weight of Potassium 
sorbate; PS100, which received 100 mg/kg body weight of 
Potassium sorbate; and PS200, which received 200 mg/kg body 
weight of Potassium sorbate. All treatments were orally 
administered. Potassium sorbate was combined with normal 
saline to form solutions for easy dosing and administration. The 
animals were weighed every three days for dosage adjustments, 
and the experiment lasted for 56 days. 

Experimental termination and sample collection 

The day after conclusion of the administrations, rats were first 
anaesthetised with ketamine (20 mg/kg body weight, intra-
peritoneally) and then subjected to transcardial perfusion by 
infusion of 50 ml of 0.1M saline (pH 7.4) and 500 ml of 4% 
paraformaldehyde (PFA). For rats that were processed for 
enzymatic studies, sacrifices by cervical dislocation were carried 
out. The brain tissues were then excised, weighed and rinsed in 
0.25 M sucrose 3 times for 5 minutes each and then post-fixed in 
4% PFA for 24 hours, after which they were stored in 30% sucrose 
at 4°C until further processing. The relative brain weights of the 
animals were estimated from the brain weight of the animals and 
the final body weight using the formula: 

Brain Weight ➗ final Body weight ✖ 100  

Histological Assessment 

For histopathological examination, fixed brain tissues were 
dissected to reveal the hippocampus, processed through graded 
ethanol (increasing concentrations) and embedded in paraffin. 
Microtome sections at 5μm were obtained using a microtome 
(micron HM 315 microtome) and stained with haematoxylin and 
eosin. The slices were examined, and images were captured using 
an Olympus light microscope (Olympus BX51) and a camera 
(Olympus E330, Olympus Optical Co. Ltd.).  

Expression of GFAP, NeuN, and Bcl-2 

Immunohistochemical methods were used to demonstrate the 
presence and location of some specific proteins in the 
hippocampal sections. The immunohistochemical localisations of 
GFAP (Glial fibrillary acidic protein), NeuN (neuronal nuclear 
protein) and BCL-2 (B-cell leukaemia/lymphoma 2 Protein) were 
carried out. The primary antibodies used in this study were anti-
GFAP, anti-NeuN and anti-Bcl-2, respectively, for 
immunoperoxidase. This was carried out following the method 
described by Goldstein and Watkins in the year 2008 (Goldstein 
and Watkins, 2008). The procedure is described below. 
Deparaffinisation was carried out.followed by antigen retrieval. 
This study used an enzymatic antigen retrieval method with 
trypsin (Abcam: catalogue ID ab970).  

Endogenous peroxidase blocking was done using hydrogen 
peroxide (0.5-3%), while 5% bovine serum albumin (BSA) was 
used to reduce non-specific protein reactions. Slides were 
drained for a few seconds and wiped around the sections with 
tissue paper. Diluted primary antibody was added to each slide 
(500 ml) and incubated overnight at 4°C. Primary antibodies 
dilution was done in blocking buffer (10% calf serum with 1% BSA 
and 0.1% Triton X-100 in 0.1 M PBS): Anti-GFAP – (Cell Signaling, 
dilution 1:1000). Subsequently, slides were rinsed two times for 
5 minutes in 0.1 M PBS (0.025% Triton) with gentle agitation. 
Slides were then treated with horseradish peroxidase (HRP) 
secondary antibody and incubated for 2 hours at room 
temperature. Slides were then rinsed for 3 times for 5 minutes in 
PBS. Colour intensification was done using chromogen 3.3ˈ- 
Diaminobenzidine (DAB, 1:1000 dilution) for 1-3 minutes at room 
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temperature. Slides were then rinsed in running tap water for 5 
minutes. Counterstaining was done in haematoxylin and 1% acid 
alcohol to reduce the counterstain; sections were dehydrated 
and cleared in ethanol and xylene, respectively. Mounting was 
done. The quantification of the levels of NeuN and Bcl-2 were 
done using the NeuN and Bcl-2 kits (Santa Cruz, Germany) 
according to the manufacturer instructions and modified method 
of Edelstein et al. (2014). Stained tissue sections were viewed 
under a light binocular microscope, and images were captured 
with an amscope camera (MD 500). Morphometric analysis of the 
tissue was done using Image J software and plugins to analyse the 
cell count of neurons on the photomicrographs. 

Behavioural tests  

Y-maze Test 

The test was conducted as earlier described (Wright et al., 2006) 
and slightly modified. The symmetrical Y-maze, developed by 
Dellu and his colleagues  (Dellu et al., 1992), was briefly used to 
assess hippocampal-dependent spatial recognition memory. The 
Y-maze consisted of three identical wooden arms (50 cm L, 16 cm 
W, 32 cm H) with multiple extra-maze cues (Conrad et al., 1996) 
located around the perimeter of the maze. The maze was rotated 
between training and testing. An overhead video camera 
recorded the movement of the rat for later quantification, and 
the investigator stood in a white coat in the same position during 
training and testing. Rats were tested on the Y-maze with a 1-
hour delay between training and testing. Y-maze navigation relies 
upon a rat’s innate tendency to explore novel environments 
(Ennaceur and Delacour, 1988). In the present experiments, rats 
that recognised and chose the Novel arm more than the other 
arms were defined as having intact spatial working memory. In 
contrast, those that entered the Novel and other arms similarly 
were considered to have impaired spatial working memory.  

During training, one arm designated the Novel (arm C) of the Y-
maze was blocked with a shutter, allowing the rats to explore the 
Start (arm A) and Other arm (arm B) for 15 minutes. The shutter 
that blocked the novel arm was the height of the arms, preventing 
rats from seeing the Novel arm or inspecting the spatial cues 
visible only from the novel arm. Following training, rats were 
returned to their cages for a period of 1 hour. After the 
interruption, the shutter was removed, and rats were placed in 
the Start arm and allowed to explore the Y-maze for 5 minutes. 
Each rat was given one trial during training and testing. An 
member of the research team oblivious of the treatment groups 
determined the number of entries and time spent by each mouse 
in the Novel, Start, and other arms for five minutes. An entry was 
counted when the forearms of the mouse entered the arm. The 
number and the sequence of arms entered were also recorded. 
The parameters were activity, defined as the number of arms 
entered, and percent alternation, calculated as: 

% Alternation = [(Number of alternations)/(Total number of arm 
entries − 2)] × 100  (Sarnyai et al., 2000). 

 

Morris Water Maze Test for Spatial Learning in the rats 

The Morris water maze is widely used to study spatial memory 
and learning. The water maze consists of a round pool about 6 
feet in diameter and about 3 feet deep. The water maze was filled 
with water, and an escape platform was placed in the centre of 
the pool. During the training, the escape platform was exposed 
one inch above the water (Nunez, 2008). This taught the rat that 
there is a platform which is the way to get out of the water. After 
the training, the animal was tested; the platform will be just 
below the surface of the water and will not be visible with 
powdered, non-fat milk. The animal was then placed in a pool of 
water that was colored opaque with powdered non-fat milk, 
where they may swim to a hidden escape platform (Nunez, 2008). 
The observer stepped back from the pool and observed from a 
designated spot while the animal performed the maze task. Due 
to the opaque water, the animal was unable to see the platform 
and could not rely on scent to find an escape route; instead, they 
relied on the maze cues. As the animals become more familiar 
with the task, they were able to find the platform more quickly. 
The animal was monitored until it reached the platform, and the 
time taken was recorded. The procedure is videotaped to monitor 
the path and other variables (Nunez, 2008).  

Statistical analysis 

Statistical analysis was done using GraphPad, Prism, and SPSS 
version 18. Values were expressed as mean ± SEM, n=5 (number 
of animals in each group). All statistical comparisons were 
performed using a one-way analysis of variance (ANOVA). Tukey’s 
post hoc test was carried out. The significance level was set at P < 
0.05. 

RESULTS 

Body Weight, Brain Weight and Brain Somatic Index  

As seen in Table 1, there was a significant increase (p<0.05) in the 
body weight of Wistar rats in group PS50, PS100 and PS200, 
respectively, when compared with groups PS25 and NS. However, 

there was no significant (p<0.05) difference in brain weights of 
the Wistar rats administered with different doses (PS25, PS50 
PS100 and PS200 mg/kg) of potassium sorbate when compared 
with the Control (NS) administered with normal saline.  

It can also be seen that the brain somatic index significantly 
decreased (p<0.05) in Wistar rats of group PS50, PS100 and group 
PS200, respectively, when compared with group PS25 and NS. 
There was no significant difference between the PS25 group and 
the NS group (see table 1). 

Oxidative Stress Biomarkers 

Malondialdehyde (MDA) levels increased in Wistar rats of group 
PS50 PS100 and group PS200 exposed to Potassium sorbate 
compared with the NS and PS25. There was no significant 
increase (p<0.05) in superoxide dismutase (SOD) levels in Wistar 
rats of groups of PS25, PS50, PS100, and PS 200 when compared 
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with the Control exposed to potassium sorbate. There was no 
significant increase (p<0.05) in Catalase (CAT) levels in Wistar rats 

of groups PS25, PS50, PS100, and PS 200 when compared with 
the Control (see table 2). 

Table 1: Body weight, Brain weight and Brain Somatic Index across experimental groups 

Group Initial weight (g) Final Body weight (g)   Weight gained (g)  Brain weight (g) Organ Somatic Index  

NS 90.80±1.32 142.80±3.40 52.00±2.08 1.76±0.03 1.24±0.05 
PS25 97.20±0.58 177.40±13.76 80.20±13.18 1.77±0.06 1.01±0.04 
PS50 107.80±3.32 218.40±15.91* 110.60±12.59 1.75±0.03 0.82±0.07* 
PS100 112.20±3.87 226.00±21.65* 113.80±17.78 1.74±0.05 0.79±0.05* 
PS200 115.00±4.52 226.80±23.51* 111.80±18.99 1.71±0.07 0.78±0.08* 

*: Significantly different from the Control.

Table 2: Oxidative biomarkers across experimental groups 

Parameters  MDA (mg/L) SOD protein (U/mg)  CAT protein (U/ mg) 

NS 1.12±0.10 249.33±80.96 578.24±101.44 
PS25 1.35±0.09 444.33±137.26 945.38±157.99 

PS50 1.64±0.06* 302.98±104.10 709.17±99.08 

PS100 1.60±0.05* 373.36±54.00 558.02±26.90 

PS200 1.56±0.06* 343.20±64.52 813.20±120.72 

*: Significantly different from the Control.

Behavioral study 

Morris water maze test 

Escape latency time (the time it takes for the animal to find the 
escape platform was compared across the groups. There were 
significantly higher latency times in other groups than in the 
control, except in the PS100 group. See Figure 1(a). 

Y-maze test  

The level of exploration was measured using the Y-maze test, and 
results were compared across all groups. There were no 
significant differences in the percentage of correct alternation 
displayed among the groups. See Figure 1(b). 

Histopathological Studies  

Haematoxylin and eosin (H&E) stain  

The H&E stain of the CA3 region of the hippocampus of Wistar 
rats in NS (control group) administered normal saline showed 
relatively normal cytoarchitecture and characteristic appearance 
of the pyramidal cell with well-preserved cytoplasm, prominent 
nuclei and nucleoli and axon radiating from the cell body and 
intact vasculature. The PS25 (administered potassium sorbate 
25mg/kg) showed histoarchitectural distortions: Pyknotic neuron 
(Pk), Vacuolations (V), and Gliosis (g). The PS50 (administered 
potassium sorbate 50mg/kg) showed histoarchitectural 
distortions: Pyknotic neuron (Pk); Vacuolation (V); Gliosis (g); Cell 
loss (N). The PS100 (administered potassium sorbate 100mg/kg) 
showed histoarchitectural distortions: Pyknotic neuron (Pk), 
Vacuolation (V), and cell loss (N). The PS200 (administered 
potassium sorbate 200mg/kg) showed histoarchitectural 
distortions:  Vacuolation (V) and cell loss (N). See Figure 3 

Immunohistochemical studies 

Glial Fibrillary Acidic Protein (GFAP) 

The expression of GFAP in the CA3 region of the hippocampus of 
adult Wistar rats in NS (control group) administered normal saline 
showed immuno-positive astrocytes. The PS25 (administered 
potassium sorbate 25mg/kg) showed a normal astrocyte density. 
The PS50 (administered potassium sorbate 50mg/kg) showed 
hypertrophied astrocytes and low astrocytic densities. The PS100 
(administered potassium sorbate 100mg/kg) showed low 
astrocytic densities and vacuolation. The PS200 (administered 
potassium sorbate 200mg/kg) showed very low astrocytic 
densities and vacuolation. See Figure 4. 

GFAP expression in the dentate gyrus region of the hippocampus 
of adult Wistar rats. The NS group showed GFAP-positive 
astrocytes. The PS25 (administered potassium sorbate 25mg/kg) 
showed a normal astrocyte density. The PS50 (administered 
potassium sorbate 50mg/kg) showed hypertrophied astrocytes 
and low astrocytic densities. The PS100 (administered potassium 
sorbate 100mg/kg) showed low astrocytic densities and 
vacuolation. The PS200 (administered potassium sorbate 
200mg/kg) showed very low astrocytic densities and vacuolation. 

Immunohistochemical demonstration of Neuronal Nuclear (NeuN) 

The photomicrograph from the immunohistochemical stain of the 
CA3 region of the hippocampus of adult Wistar rat in Figure 5 
shows the expression of NeuN in NS (control group) administered 
normal saline, PS25 (administered potassium sorbate 25mg/kg), 
PS50 (administered potassium sorbate 50mg/kg) PS100 
(administered potassium sorbate 100mg/kg) showed increased 
NeuN immunoreactivity with normal cellular architectural layout 
and densities. The PS200 (administered potassium sorbate 
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200mg/kg) showed decreased NeuN immunoreactivity, nuclear 
degeneration, low densities, and vacuolation. 

The dentate gyrus region of the hippocampus of adult Wistar rats 
has a similar expression as the CA3 region where NS (control 
group) administered normal saline, PS25 (administered 
potassium sorbate 25mg/kg), showed increased NeuN 
immunoreactivity with normal cellular architectural layout and 
densities. The expression in the PS50 (administered potassium 
sorbate 50mg/kg), PS100 (administered potassium sorbate 
100mg/kg) and PS200 (administered potassium sorbate 
200mg/kg) was very significant. 

Expression of Bcl-2 

The photomicrograph from the immunohistochemical stain (Bcl-
2) of the CA1 region and the dentate gyrus region of the 
hippocampus of adult Wistar rats. In the CA1 region, NS (control) 
group and PS100 (administered potassium sorbate 100mg/kg 
showed normal Bcl-2 immunoreactivity with normal cellular 
architectural layout and densities. The PS25 (administered 
potassium sorbate 25mg/kg), PS50 (administered) and PS200 
(administered potassium sorbate 200mg/kg) showed significant 
increases in Bcl-2 immunoreactivity, nuclear degeneration, low 
densities and vacuolation. 

The immunohistochemical stain (Bcl-2) of the dentate gyrus 
region revealed normal Bcl-2 immunoreactivity with normal 
cellular architectural layout and densities in the NS (control 
group). In the PS25 (administered potassium sorbate 25mg/kg), 
PS50 (administered) PS100 (administered potassium sorbate 
100mg/kg) and PS200 (administered potassium sorbate 
200mg/kg) showed significant increase in Bcl-2 immunoreactivity; 
nuclear degeneration; low densities and vacuolation. 
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Figure 1(a): General cognitive function and spatial learning across 
all Potassium sorbate-treated groups. Normal saline (NS), 25 
mg/kg of PS (PS25), 50 mg/kg of PS (PS50), 100 mg/kg of PS 
(PS100) and 200 mg/kg of PS (PS200), respectively.  
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Figure 1(b): Percentage correct alternation of experimental 
animals in all groups. Across all groups of Potassium sorbate-
treated Wistar rats. Normal saline (NS), 25 mg/kg of PS (PS25), 50 
mg/kg of PS (PS50), 100 mg/kg of PS (PS100) and 200 mg/kg of PS 
(PS200)  
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Figure 2(a): Photomicrograph of H&E-stained (x400) CA3 regions of the hippocampus of Wistar rat exposed to normal saline (NS) and 
different doses of potassium sorbate (PS); seen are Pyknotic neurons (Pk); Vacuolations (V); Cell loss (N). NS showed normal 
cytoarchitecture and characteristic appearance of the pyramidal cell with well-preserved cytoplasm, prominent nuclei and nucleoli and 
axon radiating from the cell body and intact vasculature. The PS25 (administered potassium sorbate 25mg/kg) showed relatively 
normal cytoarchitecture and characteristic appearance of the pyramidal cell; cell lose (N). The PS50 showed histoarchitectural 
distortions: Vacuolation (V) and cell loss (N). The PS100 showed histoarchitectural distortions: Pyknotic neuron (Pk) and vacuolation 
(V). The PS200 showed histoarchitectural distortions:  Vacuolation (V) and cell loss (N). 

 
Figure 2 (b) Photomicrograph of H&E-stained (x400) Dentate gyrus of Wistar rat exposed to normal saline (NS) and different doses of 
potassium sorbate (PS); seen are Pyknotic neurons (Pk); Vacuolations (V); Cell loss (N). In NS, normal cytoarchitecture and intact 
vasculature were observed. In the PS25 (administered potassium sorbate 25mg/kg) showed relatively normal cytoarchitecture and 
characteristic appearance of the pyramidal cell; cell lose (N). The PS50 showed histoarchitectural distortions: Vacuolation (V) and cell 
loss (N). The PS100 showed histoarchitectural distortions: Pyknotic neuron (Pk) and vacuolation (V). The PS200 showed 
histoarchitectural distortions:  Vacuolation (V) and cell loss (N).
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Figure 3(a): Photomicrograph of the GFAP staining of the CA3 region (x400) of the hippocampus of Wistar rat exposed to normal saline 
(NS) and different dose of potassium sorbate (PS); red arrows indicate decreased astroglia size and density; blue arrows indicate normal 
astrocytic expression with regular distribution and astrocytic densities. Staining of the dentate gyrus region of the hippocampus of 
Wistar rat exposed to normal saline (NS) and different doses of potassium sorbate (PS); red arrow indicates vacuolation; blue arrow 
indicates normal astrocytic expression with regular distribution and astrocytic densities. 

 
Figure 3(b): Photomicrograph of the GFAP staining of the Dentate gyrus (x400) of the hippocampus of Wistar rat exposed to normal 
saline (NS) and different dose of potassium sorbate (PS); red arrows indicate decreased astroglia size and density; blue arrows indicate 
normal astrocytic expression with regular distribution and astrocytic densities. Staining of the dentate gyrus region of the hippocampus 
of Wistar rat exposed to normal saline (NS) and different doses of potassium sorbate (PS); red arrow indicates vacuolation; blue arrow 
indicates normal astrocytic expression with regular distribution and astrocytic densities.
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Figure 4 (a): Photomicrograph of NeuN staining of the CA3 gyrus regions (x400) of the hippocampus of Wistar rat exposed to normal 
saline (NS) and different dose of potassium sorbate (PS); red arrow indicates vacuolation, decrease in NeuN immunoreactivity; blue 
arrow indicates normal NeuN immunoreactivity expression with regular distribution and densities. 

 
Figure 4 (b): Photomicrograph of (NeuN staining of the Dentate gyrus (x400) of the hippocampus of Wistar rat exposed to normal saline 
(NS) and different dose of potassium sorbate (PS); red arrow indicates vacuolation, decrease in NeuN immunoreactivity; blue arrow 
indicates normal NeuN immunoreactivity expression with regular distribution and densities. 
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Figure 5 (a):  Photomicrograph of the Bcl-2 staining of the CA1 region gyrus (x400) of the hippocampus of Wistar rat exposed to normal 
saline (NS) and different doses of potassium sorbate (PS); red arrow indicates increased in Bcl-2 immunoreactivity; nuclear 
degeneration; low densities and vacuolation.; blue arrow indicates normal Bcl-2 densities with regular distribution. 

 
Figure 5(b): Photomicrograph of the Bcl-2 staining of the Dentate gyrus (x400) region of the hippocampus of Wistar rat exposed to 
normal saline (NS) and different dose of potassium sorbate (PS); red arrow indicates increased in Bcl-2 immunoreactivity and 
expression; nuclear degeneration; low densities and vacuolation; blue arrow indicates normal Bcl-2 expression with regular distribution 
and densities.
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DISCUSSION 

Several studies have revealed that many food additives cause 
neuro-toxicity in living cells either by ionic mechanism or that of 
oxidative stress (Jahan, 2024, Morris et al., 2025). Children are 
observed to be more predisposed to its toxicity than adults due 
to the greater absorptive capacity of their gastrointestinal tracts 
(Morris et al., 2025, Weiss, 2000). The present study was 
designed to assess the effects of different doses of potassium 
sorbate on the Hippocampus function and structure of adult male 
Wistar rats. 

In this study, an increase in body weight was observed in the 
Wistar rat group of PS50, PS100 and PS200, respectively, when 
compared with group PS25 and NS. This suggests that exposure 
to a much higher concentration of potassium sorbate may cause 
an increase in body weight and possibly induce obesity. The 
increase in body weight may be a result of an increase in the 
consumption of food associated with the addictive-like 
tendencies of PS (Yoo, 2024). Another possible explanation for 
the rise in body weight may be increased muscle mass due to the 
oxidative stress (Ahn et al., 2019).  

The findings from this study showed a significant increase 
(p<0.05)   in the brain weight of Wistar rats in groups PS25, PS50 
and PS200 when compared with the NS and PS100. The elevation 
in brain weight in Wistar rats treated with higher doses of 
potassium sorbate may be due to the increase in necrosis and 
apoptosis, which were accompanied by the accumulation of lipids 
in the hippocampus. 

Under physiological conditions, there is a balance between free 
radical production and antioxidant defence mechanisms which 
involves specific enzymes such as SOD, CAT, and MDA that 
scavenge free radicals such as vitamins and thiol groups (SH). 
Studies have suggested the involvement of oxidative stress in 
some aspects of PS toxicity. Oxidative stress occurs when the 
generation of free radicals exceeds the capacity of antioxidant 
defence mechanisms (Aruoma, 1998, Adwas et al., 2019). The 
role of oxidative stress is key for the modulation of critical cellular 
functions, notably for neurons, astrocytes and microglia, such as 
activation of apoptosis and excitotoxicity, the two leading causes 
of neuronal death. Because they have a reduced capacity to 
detoxify ROS, neurons are particularly vulnerable to increases in 
ROS levels (Friedman, 2011). Oxidative stress kills neurons by 
stimulating the Forkhead box, class O transcription factor FOXO3, 
a pivotal player in cell death/life pathways (Gilley et al., 2003). 
Neurons in the hippocampal CA1 anD dentate gyrus region are 
particularly susceptible to oxidative stress (Lee et al., 2015, 
Alkadhi, 2019). 

The most common group of indices used to assess oxidative stress 
is that of peroxidation products of lipids, usually polyunsaturated 
fatty acids, which are susceptible to free radical attack (Demirci-
Cekic et al., 2022, Dotan et al., 2004). It is also known that the 
main toxic effects of PS are on the structure and cell membrane 
function (Priya et al., 2021). Studies have shown that MDA, the 
most used end‐product of lipid peroxidation, will be increased 

with PS treatment. This present study also indicated that lipid 
peroxidation, determined by measuring the MDA levels, was 
amplified in the brain of Wistar rats exposed to PS compared to 
the NS group. As a result, MDA levels increased with the 
increasing concentration of potassium sorbate. These suggest 
that the effect of PS on MDA levels is dependent on the dose of 
potassium sorbate or addictive exposure. The result of the study 
is consistent with the findings of Raposa in 2016 (Raposa et al., 
2016) 

Superoxide dismutase (SOD) is a metalloprotein and 
accomplishes its antioxidant functions by enzymatically 
detoxifying the superoxide radical (O2–). Different responses of 
SOD have been documented in experimental animals exposed to 
food addictive, including variations in enzymatic activity in 
relation to the duration of exposure and dose. Addictive blocks 
the sulfhydryl groups of SOD, which serve as essential cofactors 
for the antioxidant enzymes, thereby inactivating them (Molaei 
et al., 2021). In the present study, SOD levels increased in all 
groups that were exposed to Potassium sorbate when compared 
with the control group. The increase in SOD level is dose-
dependent, suggesting that treatment with higher doses of 
potassium sorbate may lead to more increase in the SOD level 
and the antioxidant system as a whole, hence jeopardising the 
health of the rat as well as increasing the production of free 
radicals. This was in accordance with the findings of who reported 
a significant increase in SOD activity in the hippocampus. 

Catalase (CAT), like other antioxidant enzymes such as superoxide 
dismutase (SOD) and glutathione peroxidase (GPx) scavenge free 
radicals and lipid peroxides and detoxify them (Sivaprasad et al., 
2004). It is the most abundant intracellular thiol-based 
antioxidant, prevalent in all living aerobic cells in millimolar 
concentrations. It is vital in the cellular defence cascade against 
oxidative injury (Deisseroth and Dounce, 1970, Percy, 1984). It 
can act as a non-enzymatic antioxidant by direct interaction of the 
–SH group with ROS, or it can be involved in the enzymatic 
detoxification reactions for ROS as a cofactor or a coenzyme 
(Percy, 1984). This study showed an increase in the catalase levels 
in the hippocampus across all groups treated with potassium 
sorbate compared with the Control. The result also showed that 
the increase in CAT level with exposure to potassium sorbate 
increase antoxidant activities and hence suggests that the rat is 
subjected to increased oxidative stress. However, a decrease in 
CAT levels in the kidneys was also reported by Ponce-
Canchihuamán et al. (2010) after intraperitoneal administration 
of 25 mg/0.5 mL of food addictive weekly.  

Results from histopathological examination of tissues help 
categorise the type of lesions caused by xenobiotics and are 
recognised as the most sensitive endpoint for detecting organ 
toxicity (Miao et al., 2022). These results are also valuable for 
providing evidence of acute or chronic effects of exposure to toxic 
substances that may not be detected by other biomarkers 
(Jadhav et al., 2007). 

Light microscopic examination of the potassium sorbate treated 
groups in this study revealed various degrees of histological 
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changes in the CA1 and dendate gyrus region of the 
hippocampus, which include the presence of necrotic pyramidal 
cell (with neuronal cytoplasmic shrinkage and intense 
eosinophilia accompanied by shrinkage and basophilia of the 
nucleus), cell membrane loss, perineuronal vacuolation, 
cytoplasmic vacuolation, presence of degenerating pyramidal 
cells, lesions in the vicinity of necrotic neuron, inflammatory cells, 
clumping of cells, and pyknotic nucleus when compared with the 
control group suggesting the toxic effects of potassium sorbate 
exposure. These changes were dose-dependent, with higher 
doses causing more damaging effects. The necrosis of pyramidal 
cells may result from oxidative stress due to the depletion of the 
antioxidant system by potassium sorbate exposure. Apoptotic 
alteration might be followed by swelling of organelle especially 
the mitochondria, endoplasmic reticulum and rupture of 
lysosomes, which might lead to amorphous eosinophilic 
cytoplasm as an initial sign in the sequence of necrosis of neurons 
before shrinking and dissolution of nuclei, also the leakage of 
lysosomal hydrolytic enzymes that lead to cell digestion by lytic 
enzymes (Xiang et al., 2024). The presence of pyknotic nuclei and 
the degenerating cells agreed with the findings of Mohammad et 
al. (2023) (Mohammad et al., 2023), who also reported the 
appearance of some degenerating cells with pyknotic nuclei. This 
finding was also consistent with the results of some authors, who 
attributed these results to the direct effect of lead on the 
hippocampal neurons (Ben-Azu et al., 2022).  

Astrocytes are the main types of glial cells involved in regulating 
the immune response to pathological processes in the brain 
(Fisher and Liddelow, 2024). Functional activation of astrocytes 
and the resulting neuroinflammation are associated with 
infection, autoimmunity, and pathogenesis of neurodegenerative 
diseases. The increase in inflammatory cells in our result may be 
due to potassium sorbate exposure. An increase in these 
inflammatory cells can increase the production and release of 
inflammatory cytokines (Bhol et al., 2024), enhance the 
generation of reactive oxygen species (ROS) (Yu et al., 2022), 
impede antioxidant activity, and result in neuronal injury or 
neuronal loss in the brain or other parts of the central nervous 
system (Boroujeni et al., 2021). These neurodegenerative 
changes could invariably impair the activities of the hippocampus 
in memory formation, learning, storage and retrieval of 
information. The findings lend credence to previous reports of 
Dara et al. (2023) (Dara et al., 2023), who observed neuronal 
damage in the cerebral cortex, hippocampus and cerebellum, 
with neurodegeneration of CA1 and CA3 regions of Sprague 
Dawley rats exposed to food additives. Given the potential 
neurodegenerative effects of disrupted neuroimmune function, 
we also examined the volume of the hippocampus. Our result 
showed that the volume increased in the group treated with the 
highest dose of PS compared to the Control group, although it 
was not significant. We also observed a decrease in the 
hippocampus volume in Wistar rats treated with a lower dose of 
PS compared to the Control and the high-dose treated group. This 
decrease in hippocampal volume disagrees with the findings of 
Piper, 2017 (Piper and Piper, 2017). 

Conclusion: The effect of adult Wistar rats’ exposure to different 
doses of potassium sorbate orally was evaluated in this study. 
From this study, it can be inferred that Wistar rats’ exposure to 
increasing doses of potassium sorbate induced an increase in 
body weight, the brain somatic index, and an increase in the 
volume of the hippocampus. Potassium sorbate exposure led to 
toxicity in the brain by inducing oxidative stress and causing an 
increase in the number of activated astrocytes, neuronal nuclear 
and Bcl-2 cells in the hippocampus of Wistar rats in a dose-
dependent manner. This results in distortion in the 
cytoarchitecture of the hippocampal region and may lead to 
learning and memory deficits. 
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