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ABSTRACT

Parkinson’s disease is a progressive neurodegenerative disorder contributing to cognitive decline and memory
impairment beyond its characteristic motor deficits. This study investigated whether a Cyperus esculentus-infused diet
can mitigate hippocampal alterations in a rotenone-induced Parkinson-like disease model. Thirty-two male Wistar rats
(100-150 g) were randomly allocated to four groups (n = 8): control, tiger nut diet only, rotenone only, and rotenone
plus tiger nut diet. The supplemented diet contained 11% tiger nut, and rotenone was administered intraperitoneally
at 2 mg/kg/day for 28 days. Locomotor activity and spatial working memory were assessed using open-field and Y-
maze tests. Hippocampal oxidative stress markers and gamma-aminobutyric acid levels were evaluated, alongside
histological examination using hematoxylin and eosin, Cresyl Fast Violet, and Luxol Fast Blue stains. Rotenone exposure
impaired locomotor performance and Y-maze outcomes, reduced catalase activity, and produced hippocampal neuronal
vacuolation, loss of Nissl substance, and disrupted myelin staining. Compared with rotenone alone, concurrent tiger nut
supplementation significantly increased catalase activity and was associated with better preservation of hippocampal
architecture and myelin staining. However, Y-maze performance did not significantly improve, and gamma-
aminobutyric acid levels did not differ significantly among groups. These preliminary findings suggest that an 11% tiger
nut-infused diet may offer partial biochemical and histological protection against rotenone-associated hippocampal
injury without demonstrable cognitive recovery. Further studies should evaluate dose response, dietary composition,
and underlying mechanisms.

Keywords: Catalase; Cyperus esculentus; Hippocampus; Neuroprotection; Parkinson’s Disease; Rotenone

1 INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized primarily by the loss of
dopaminergic neurons in the substantia nigra, resulting in classical motor symptoms including resting tremor, rigidity,
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bradykinesia, and postural instability [1]. Beyond these motor manifestations, PD is increasingly recognized as a disease
with significant non-motor burden, including cognitive decline, memory impairment, and emotional disturbances, many
of which have been linked to pathological involvement of limbic structures, particularly the hippocampus [2]. As the
second most prevalent neurodegenerative disorder worldwide, PD affects over 10 million individuals globally, with its
incidence rising sharply in aging populations and projections suggesting a doubling of its global burden by 2040 [3, 4,
5].

The hippocampus, a bilateral structure located in the medial temporal lobe, plays a central role in learning, memory
consolidation, and spatial navigation [6]. In Parkinson’s disease, the progressive spread of Lewy body pathology from
subcortical regions to limbic and cortical structures directly implicates the hippocampus in the cognitive and
neuropsychiatric features of the disease [7]. Rotenone-induced neuroinflammation has been shown to impair synaptic
plasticity, reduce neurogenesis in the dentate gyrus, and disrupt hippocampal neuronal integrity, collectively
contributing to the memory and learning deficits observed in experimental PD models [8]. These findings underscore
the hippocampus as a critical, yet often underemphasized, target of PD-related neurodegeneration.

Rotenone, a naturally occurring pesticide and mitochondrial complex I inhibitor, is widely employed as an experimental
model of PD owing to its ability to reliably reproduce both the motor and non-motor features of the disease [9]. Its
mechanism involves the generation of reactive oxygen species, induction of oxidative stress, activation of
neuroinflammatory cascades, and progressive dopaminergic neuronal death, closely mirroring the neuropathological
processes observed in human PD [10]. Epidemiological studies have further associated occupational rotenone exposure
with an elevated risk of developing Parkinson’s disease in humans, strengthening the translational validity of this
experimental model [11].

Current pharmacological management of PD, centered primarily on dopamine replacement therapy with levodopa,
provides symptomatic relief for motor deficits but does not halt the underlying neurodegenerative process and offers
limited efficacy against hippocampus-related cognitive impairment [12]. This therapeutic gap has fueled growing
interest in natural, plant-derived compounds with neuroprotective potential. Tiger nut (Cyperus esculentus), a perennial
sedge belonging to the family Cyperaceae and widely cultivated and consumed across West Africa and the
Mediterranean region, has attracted considerable scientific attention for its rich array of bioactive phytochemicals,
including polyphenols, flavonoids, alkaloids, saponins, and tannins [13, 14]. These constituents have been shown to
possess antioxidant, anti-inflammatory, and neuroprotective properties that may mitigate oxidative neuronal damage
and support cognitive function [15, 16].

Despite its promising pharmacological profile, the specific neuroprotective efficacy of a tiger nut-infused diet against
rotenone-induced hippocampal damage remains insufficiently characterized. Therefore, the present study investigated
the effects of tiger nut (Cyperus esculentus)-infused diet on the hippocampus in a rotenone-induced Parkinson’s disease
model using male Wistar rats, by evaluating neurobehavioral performance, hippocampal oxidative stress biomarkers,
neurotransmitter levels, and histomorphological integrity.

2 MATERIALS AND METHODS

2.1  Ethical approval

Ethical clearance for this research was granted by the Babcock University Health Research Ethical Committee (BUHREC)
under the protocol reference (BUHREC 0323/26), prior to commencement of all experimental procedures. All animal
handling and experimental protocols were conducted in strict accordance with international standards for welfare and
the institutional policies of Babcock University.

2.2  Preparation of Tiger Nut-Infused Diet

Tiger nut (Cyperus esculentus) tubers were obtained from Ilishan Market, Ogun State, Nigeria. The tubers were
thoroughly washed, air-dried, weighed, and incorporated into the feed formulation at 11% by weight, replacing a
proportional quantity of corn oil and other constituents, following the modified method [17]. The control diet was
prepared identically but without the tiger nut component.
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Table 1: The composition of normal rat chow and Cyperus esculentus infused chow

Ingredients % of weight | Control diet amount/100g | Tiger nut diet amount/100g
Groundnut cake | 25 25 24.4
Palm kernel cake | 25 25 24.4
Corn Starch 15 15 13.5
Industrial Soya 10 10 9.4
Bone meal 5 5 5
Wheat (fibre) 5 5 4.8
Lysine 0.2 0.2 0.2
Methionine 0.3 0.3 0.3
Concentrate 4.5 4.5 4.5
Ground tiger nut 0 11
Corn oil 10 10 2.63
Total 100 100 100.1

Each cage received a pre-weighed amount of Cyperus esculentus-infused chow daily. After 24 hrs, the remaining feed
was weighed to determine the total consumption. Although, individual feed intake may not be accurately determined,
an average consumption was estimated by dividing the total intake by the number of rats per cage.

2.3  Experimental Animals

Thirty-two male Wistar rats weighing between 100 and 150 g were obtained from the Animal Holding Facility of
Babcock University, [lishan-Remo, Ogun State, Nigeria. The animals were housed in well-ventilated plastic cages under
standard laboratory conditions and allowed to acclimatize for seven days prior to the commencement of the experiment.
Cage bedding, consisting of wood shavings, was replaced every two days to prevent ammonia accumulation and
maintain aseptic conditions. Standard rat chow and clean water were provided twice daily throughout the
acclimatization and experimental periods.

2.4 Experimental Design and Treatment

Following acclimatization, the thirty-two rats were randomly assigned into four groups of eight animals each (n = 8)
and treated for 28 days as follows:

Group A (Control): received normal rat chow and 0.5 ml of sunflower oil intraperitoneally daily.

Group B (Tiger nut only): received tiger nut-infused diet for the duration of the experiment [18].

Group C (Rotenone only): received intraperitoneal administration of rotenone at 2 mg/kg/day [19].

Group D (Rotenone plus tiger nut): received intraperitoneal rotenone at 2 mg/kg/day concurrently with tiger
nut-infused diet for 28 days [18, 19].

Body weights were recorded weekly throughout the experiment using a weighing balance, with the initial weight
measured during acclimatization and the final weight recorded on the day prior to sacrifice.

2.5 Neurobehavioral Studies

Neurobehavioral assessments were conducted prior to sacrifice using the Open Field Test and the Y-Maze Test to
evaluate locomotor activity, exploratory behavior, and spatial working memory.

The Open Field Test (OFT) was used to assess exploratory behavior, general motor activity, and anxiety-related
responses. The apparatus consisted of a square enclosure measuring 72 x 72 cm with 36 cm surrounding walls. The
floor was divided into sixteen 18 x 18 cm squares using red lines, with a central square demarcated using a blue marker.
One wall of the apparatus was constructed from plexiglass to permit visual observation. A video camera was mounted
above the arena and connected to tracking software under uniform illumination. Each rat was placed in the center of
the apparatus and allowed to explore freely for five minutes while behavior was recorded. Parameters assessed
included locomotor activity, rearing, grooming, freezing, center square entries, defecation, and urination. The apparatus
was thoroughly cleaned with 70% ethanol between trials to eliminate olfactory cues.
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Spatial working memory was evaluated using the Y-Maze Test, which exploits the natural tendency of rodents to explore
novel environments [20]. The apparatus consisted of three identical arms arranged symmetrically at 120° from one
another, each approximately 30-40 cm in length, 8-10 cm in width, and 12-15 c¢m in height. Each rat was placed at the
end of one arm and allowed to explore the maze freely for five minutes while its movements were recorded by an
overhead camera connected to tracking software. An arm entry was defined as the placement of all four limbs within an
arm. Spontaneous alternation, used as an index of spatial working memory, was calculated as the ratio of actual
alternations (consecutive entries into all three arms without repetition) to the maximum possible alternations,
expressed as a percentage. Total arm entries were also recorded as a measure of locomotor activity. The maze was
wiped with 70% ethanol between trials to remove olfactory cues.

2.6 Sacrifice and Tissue Harvest

At the conclusion of the experimental period, all animals were euthanized by cervical dislocation following completion
of neurobehavioral assessments. The whole brain was immediately excised and weighed. Brain tissue allocated for
biochemical and neurotransmitter assays was placed in phosphate buffer saline (PBS), while tissue for histological
analysis was fixed in 10% neutral buffered formalin. Animal carcasses were disposed of by burial in a designated area
adjacent to the animal facility in accordance with institutional biosafety guidelines.

2.7 Histological Processing and Staining

Brain tissue designated for histological examination was processed through standard paraffin embedding procedures.
Briefly, tissues were fixed in 10% neutral buffered formalin, dehydrated through ascending concentrations of ethanol
(70%, 90%, and 100%), cleared in three changes of xylene (20 minutes each), and infiltrated with molten paraffin wax
at 60°C. Tissues were then embedded in paraffin blocks, sectioned at 30 um for histology and 15 pm for
immunohistochemistry using a rotary microtome (Leica RM2245), and mounted on glass slides (Thermo-Scientific).
Three staining techniques were applied to hippocampal sections: Hematoxylin and Eosin (H&E) for general
cytoarchitecture, Luxol Fast Blue (LFB) for myelin visualization, and Cresyl Fast Violet (CFV) for the demonstration of
Nissl substance integrity.

For H&E staining, sections were deparaffinized in xylene, rehydrated through graded alcohols, overstained with Harris
hematoxylin for 5-7 minutes, differentiated in acid alcohol and Scott’s water, counterstained with 1% eosin for 10
minutes, dehydrated, and cleared in xylene prior to mounting.

For LFB staining, sections were deparaffinized, rehydrated through 100% and 95% ethanol, and incubated in 0.1%
Luxol Fast Blue solution for 2 hours at 60°C. Sections were then differentiated individually in 0.05% lithium carbonate
solution and 70% ethanol, counterstained with Cresyl Fast Violet for 8 minutes, dehydrated, cleared in xylene, and
mounted with DPX.

For CFV staining, tissue sections were mounted on gelatin-coated slides, oven-dried overnight, and subjected to a de-fat
stepin 1:1 alcohol/chloroform overnight before rehydration. Sections were stained in warm 0.1% Cresyl Violet solution
at 37°C for 7 minutes, differentiated in 95% ethanol for 20 minutes, dehydrated in 100% alcohol, cleared in xylene for
5 minutes, and examined under the microscope.

2.8 Biochemical Assay

The hippocampus was dissected from each brain, placed in normal saline, and homogenized to obtain a uniform tissue
homogenate. The homogenate was centrifuged at 3,000 rpm for 20 minutes using a Model 90-1 centrifuge, and the
resulting supernatant was carefully collected and stored at —4°C until analysis. The following oxidative stress
biomarkers were assessed spectrophotometrically.

Malondialdehyde (MDA) levels were determined by the thiobarbituric acid reactive substances method. Briefly, 100 uL
of sample was combined with 500 pL each of phosphate-buffered saline and trichloroacetic acid, incubated at room
temperature, and centrifuged for 90 seconds at 4,000 rpm. One millilitre of 0.33% thiobarbituric acid was added, and
the mixture was heated in a boiling water bath for one hour. After cooling, absorbance was measured at 533 nm.

Catalase (CAT) activity was measured by combining 100 pL of sample with 500 pL each of atemperature, the reaction
was terminated with 500 pL of 1% potassium dichromate in acetic acid. The mixture was heated in a boiling water bath
for 10 minutes, cooled, and absorbance measured at 570 nm.

Glutathione (GSH) concentration was determined by combining 100 pL of sample with 500 pL each of phosphate-

buffered saline and 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) solution. After 15 minutes of incubation at room
temperature, the resulting yellow complex was measured at 412 nm.
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2.9 Neurotransmitter Assay

Gamma-aminobutyric acid (GABA) levels in hippocampal tissue were assessed using a commercial GABA detection Kkit.
Tissue samples were washed in cold phosphate-buffered saline, resuspended in 100 pL of GABA Assay Buffer,
homogenized, and incubated on ice for 15-30 minutes before centrifugation at 4°C at maximum speed. The resulting
supernatant was collected, and a 100 pL reaction mixture containing GABA enzyme mix, developer, and probe was
added to each sample well per the kit protocol. Samples were incubated at 37°C for 30-60 minutes in the dark, and
absorbance was measured at 450 nm. GABA concentrations were calculated from a standard curve prepared alongside
the samples.

2.10 Photomicrography and Image Analysis

Stained slides were examined under a Leica DM750 light microscope equipped with a Leica ICC50 digital camera.
Photomicrographs were acquired and imported into Image] software for histomorphometric analysis and quantification
of staining intensity and cellular density.

2.11 Statistical Analysis

All data were expressed as mean * standard error of the mean (SEM) and analyzed using one-way analysis of variance
(ANOVA) followed by the Student’s Newman-Keuls post-hoc multiple comparisons test on GraphPad Prism version 9.0.
Statistical significance was setat p < 0.05.

3 RESULTS

3.1 Morphological Analysis

Figure 1a and 1b show the change in body weight and brain weight of the rats across the experimental groups
respectively. The results showed a significant increase in body weight of the control group when compared with the
tiger nut only, rotenone only, and rotenone plus tiger nut groups. The rotenone plus tiger nut group showed a significant
reduction in body weight when compared with both the rotenone only and tiger nut only groups. Regarding brain
weight, the results showed a significant increase in the control group when compared with the tiger nut only group,
while both the rotenone only and rotenone plus tiger nut groups showed significantly higher brain weights compared
to the control. The tiger nut only group recorded the lowest brain weight, showing a significant decrease when
compared with all other groups.
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Figure 1: (a & b): Bar charts showing (a) the change in body weight and (b) the brain weight (g) of the rats
across experimental groups. Values are presented as Mean + SEM. P < 0.05.
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3.2 Neurobehavioral Assessment

3.2.1 Y-Maze Test

Figure 2a and 2b show the total arm entries and percentage of alternations of the rats across the experimental groups
respectively. The results showed a significant increase in total arm entries in the control and tiger nut only groups when
compared with the rotenone only and rotenone plus tiger nut groups. Similarly, the results showed a significant increase
in the percentage of alternations in the control and tiger nut only groups when compared with the rotenone only and
rotenone plus tiger nut groups. The rotenone plus tiger nut group did not show significant recovery compared to the
rotenone only group across both parameters.
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Figure 2: (a & b): Bar charts showing (a) the total arm entries and (b) the percentage of alternations (%) of
the rats across experimental groups. Values are presented as Mean + SEM. P < 0.05.

3.2.2 Open Field Test

Figure 3a and 3b show the rearing frequency and number of lines crossed by the rats across the experimental groups
respectively. The results showed a significant increase in rearing in the control and rotenone only groups when
compared with the rotenone plus tiger nut group, while the rotenone plus tiger nut group also showed a significant
reduction when compared with the tiger nut only group. Regarding the number of lines crossed, the results showed a
significant increase in the control and tiger nut only groups when compared with both the rotenone only and rotenone
plus tiger nut groups.
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Figure 3: (a & b): Bar charts showing (a) the rearing frequency and (b) the number of lines crossed by the rats

across experimental groups. Values are presented as Mean + SEM. P < 0.05.

3.3 Biochemical Assay Results

Figure 4 shows the catalase (CAT) activity across all experimental groups. The results showed a significant increase in
the control group when compared with the rotenone only group. The tiger nut only group showed a significant reduction
when compared with the rotenone plus tiger nut group. The rotenone only group also showed a significant reduction
when compared with the rotenone plus tiger nut group, which recorded the highest catalase activity across all groups.
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Figure 4: Bar chart showing the catalase (CAT) activity across all experimental groups. Values are expressed

as Mean = SEM. P < 0.05.
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Neurotransmitter Assay Results

Figure 5 shows the levels of gamma-aminobutyric acid (GABA) across all experimental groups. The results showed no
significant difference across all groups. However, an observable increase was noted in the control group compared to
the tiger nut only, rotenone only, and rotenone plus tiger nut groups.
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Figure 5: Bar chart showing the levels of gamma-aminobutyric acid (GABA) across all experimental groups.

3.5

Values are expressed as Mean * SEM. There was no significant difference observed. P < 0.05.

Histological Analysis

Plates 6A and 6B show the panoramic and high magnification views of H&E-stained hippocampal sections across the
experimental groups respectively. The results showed that the control and tiger nut only groups displayed intact
pyramidal neurons with well-defined nuclei and densely compacted cells across the CA1, CA2, CA3, and dentate gyrus
subfields. The rotenone only group showed prominent vacuolation of pyramidal neurons, particularly in the CA1 and
CA3 subfields. The rotenone plus tiger nut group showed near-normal histoarchitecture with a notable reduction in

vacuolation compared to the rotenone only group.
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3.5.1 Hematoxylin and Eosin (H&E)

Figure 6A: Photomicrograph of H&E-stained hippocampal sections showing the panoramic view of the Cornu
Ammonis (CA1, CA2, and CA3) and dentate gyrus across experimental groups. TN = tiger nut; ROT = rotenone.

Scale bar =200 pm.

Figure 6B: Photomicrograph of H&E-stained hippocampal sections showing pyramidal neuronal cells in the
CA1-CA3 and dentate gyrus. Cells in the CA1 and CA3 of the rotenone only group show vacuolation (arrows).
The rotenone plus tiger nut group shows near-normal histoarchitecture. TN = tiger nut; ROT = rotenone. Scale

bar =32 pm
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3.5.2 Cresyl Fast Violet (CFV)

Figure 7A and 7B show the panoramic and high magnification views of CFV-stained hippocampal sections across the
experimental groups respectively. The results showed that the control and tiger nut only groups displayed pyramidal
neurons with intact and well-defined Nissl bodies across all hippocampal subfields. The rotenone only group showed a
notable loss of Nissl substance in the CA1l, CA2, and CA3 subfields, while the dentate gyrus remained intact and
comparable to the control. The rotenone plus tiger nut group showed some loss of Nissl substance in the CA1, CA2, and
CA3 subfields, though the dentate gyrus remained intact.

Figure 7A: Photomicrograph of CFV-stained hippocampal sections showing the panoramic view of the Cornu
Ammonis (CA1, CA2, and CA3) and dentate gyrus across experimental groups. TN = tiger nut; ROT = rotenone.
Scale bar =200 pm.

ROT only

Figure 7B: Photomicrograph of CFV-stained hippocampal sections showing Nissl substance distribution. The
rotenone only and rotenone plus tiger nut groups show loss of Nissl bodies in the CA1, CAZ, and CA3 subfields
(arrows), with the dentate gyrus remaining intact. TN = tiger nut; ROT = rotenone. Scale bar = 32 pm.
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3.5.3 Luxol Fast Blue (LFB)

Figure 8A and 8B show the panoramic and high magnification views of LFB-stained hippocampal sections across the
experimental groups respectively. The results showed that the control and tiger nut only groups demonstrated well-
delineated myelin staining across all hippocampal subfields. The rotenone only group showed reduced myelin staining
and disrupted hippocampal architecture compared to the control. The rotenone plus tiger nut group showed relatively
well-delineated hippocampal architecture with appreciable myelin staining, indicating partial myelin preservation
compared to the rotenone only group.

Figure 8A: Photomicrograph of LFB-stained hippocampal sections showing the panoramic view of the Cornu
Ammonis (CA1, CA2, and CA3) and dentate gyrus across experimental groups. TN = tiger nut; ROT = rotenone.
Scale bar =200 pm.
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CAl

cA3

Figure 8B: Photomicrograph of LFB-stained hippocampal sections showing myelin sheath distribution across
experimental groups. TN = tiger nut; ROT = rotenone. Scale bar = 32 pm.

4  DISCUSSION

This study investigated the neuroprotective efficacy of Cyperus esculentus-infused diet on the hippocampus in a
rotenone-induced Parkinson’s disease model using male Wistar rats, evaluating morphological, neurobehavioral,
biochemical, neurotransmitter, and histological outcomes. The results show that rotenone administration produced
pronounced neurotoxic effects across all assessed parameters, while tiger nut-infused diet offered partial
neuroprotection, most consistently evidenced by enhanced catalase activity and improved hippocampal
cytoarchitecture in the rotenone plus tiger nut group.

The significant reduction in body weight observed in the rotenone only group is consistent with rotenone’s ability to
disrupt cellular energy metabolism and impair gastrointestinal function, leading to reduced appetite and progressive
weight loss in treated animals, as previously reported [21]. The rotenone plus tiger nut group recorded the lowest body
weight change of all groups, suggesting that tiger nut did not attenuate rotenone-induced weight loss and may have
exacerbated it. This contrasts with findings by [22], who demonstrated that dietary protein supplementation reversed
rotenone-induced weight reduction, underscoring that the nutritional and neuroprotective benefits of dietary
interventions are highly dependent on the nature and composition of the supplement used. The unexpectedly lower
body weight in the tiger nut only group compared to the control may reflect differences in bioavailability and caloric
density between a tiger nut-infused diet and the tiger nut oil-based preparations used in earlier studies that reported
weight gain [23], and warrants further investigation.

The increased brain weight in the rotenone only and rotenone plus tiger nut groups is consistent with rotenone-induced
neuroinflammation, which drives microglial activation, reactive astrogliosis, and alpha-synuclein aggregation,
collectively increasing brain tissue volume [24]. The absence of a significant difference between these two groups
suggests that tiger nut supplementation did not significantly attenuate the neuroinflammatory mass changes at the dose
and duration used. The lowest brain weight recorded in the tiger nut only group may reflect a modulatory influence of
tiger nut on brain lipid composition under normal physiological conditions, given the high oleic acid content of Cyperus
esculentus [15].

The significantly reduced arm entries, alternations, and percentage of alternations in the rotenone only group confirm
that rotenone produced both motor and cognitive impairment, consistent with reports that rotenone-induced
dopaminergic neurodegeneration causes bradykinesia and hippocampal cognitive dysfunction [8, 25]. The tiger nut
only group maintained normal Y-maze performance, in agreement with findings that tiger nut extract restored memory
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impairment and reduced acetyl cholinesterase activity in the hippocampus of rats [17, 20]. The rotenone plus tiger nut
group failed to show significant recovery across all Y-maze parameters, suggesting that the severity of rotenone-induced
neurodegeneration in this model may require a higher dose or longer duration of supplementation to achieve
meaningful cognitive restoration [16]. The lower alternate arm return in the rotenone-induced groups further reflects
the disruption of spatial memory and environmental cue utilization consistent with hippocampal oxidative damage [26].

The significantly reduced rearing and total locomotor activity in the rotenone only and rotenone plus tiger nut groups
in the open field test are consistent with well-established reports that rotenone reduces spontaneous motor activity
through dopaminergic cell loss and mitochondrial dysfunction [25, 27]. The normal locomotor performance in the tiger
nut only group supports the view that tiger nut does not impair motor function and may even support it through its
antioxidant and neuroprotective constituents [15]. The reduced defecation in the rotenone only group may reflect
rotenone-induced autonomic nervous system dysfunction, while the lower defecation in the tiger nut only group may
indicate a calming modulatory effect on autonomic reactivity [25, 15]. The higher defecation in the rotenone plus tiger
nut group compared to both the rotenone only and tiger nut only groups may reflect a heightened autonomic response
arising from an interaction between rotenone-induced neurodegeneration and tiger nut supplementation that warrants
further investigation.

Although MDA levels and GSH showed no statistically significant differences across groups, the observable decrease in
MDA in the rotenone plus tiger nut group and the prevention of further GSH depletion in this group suggest that tiger
nut-infused diet provided a modest degree of antioxidant protection against rotenone-induced oxidative damage. These
trends are consistent with reports that tiger nut administration reduced lipid peroxidation products and activated the
Keap1-Nrf2 pathway to support glutathione metabolism in animals subjected to toxic insults [28]. The significant
reduction in catalase activity in the rotenone only group reflects rotenone-induced suppression of antioxidant enzyme
function through excessive reactive oxygen species generation, as previously reported [29, 30]. Notably, the rotenone
plus tiger nut group recorded the highest catalase activity of all groups, suggesting that the combination of rotenone-
induced oxidative stress and tiger nut supplementation stimulated a compensatory upregulation of catalase activity,
consistent with reports that Cyperus esculentus extract significantly increased catalase and other antioxidant enzyme
activities in animals exposed to toxic insults [28, 31]. The absence of significant differences in GSH levels, alongside the
observable reduction in the rotenone-induced groups, is consistent with rotenone’s established mechanism of GSH
depletion through mitochondrial complex I inhibition [32], while the maintenance of GSH in the rotenone plus tiger nut
group supports the Keap1-Nrf2 activating capacity of tiger nut constituents [28].

The observable reduction in GABA levels in the rotenone only and rotenone plus tiger nut groups reflects the disruption
of inhibitory neurotransmission associated with rotenone-induced dopaminergic neurodegeneration, consistent with
reports that GABAergic signaling abnormalities in the basal ganglia are closely associated with both motor and non-
motor symptoms of Parkinson’s disease [33]. The slightly higher GABA in the rotenone plus tiger nut group compared
to the rotenone only group, though not statistically significant, suggests a modest modulatory effect of tiger nut on
GABAergic neurotransmission, consistent with findings that tiger nut extract restored neurotransmitter-related
impairments in the context of neurotoxic challenge [20].

Histological examination confirmed the neurotoxic effects of rotenone at the structural level. The neuronal vacuolation
observed in the CA1 and CA3 subfields on H&E staining, and the chromatolysis evidenced by Nissl substance loss on
CFV staining in the rotenone only group, are consistent with rotenone-induced mitochondrial dysfunction and oxidative
neuronal injury [34]. The relative preservation of the dentate gyrus across all staining techniques and groups suggests
differential subfield vulnerability to rotenone-induced hippocampal damage, consistent with established patterns of
hippocampal regional susceptibility [6]. In the rotenone plus tiger nut group, near-normal histoarchitecture on H&E
staining, partial Nissl body preservation on CFV staining, and relatively well-maintained myelin distribution on LFB
staining collectively indicate that tiger nut supplementation attenuated rotenone-induced hippocampal structural
damage, likely through its antioxidant and anti-inflammatory constituents including flavonoids, phenolic acids, and
vitamin E [35].

4.1 Strengths of the Study

A major strength of this study is the use of a multidimensional experimental design that integrated morphological,
neurobehavioral, biochemical, neurotransmitter, histological, and immunohistochemical assessments. This
comprehensive approach allowed the neurotoxic effects of rotenone and the potential neuroprotective effects of tiger
nut-infused diet to be evaluated simultaneously across multiple levels of biological organization, from systemic weight
changes to hippocampal cytoarchitecture, lending greater interpretive depth and reliability to the findings.

The rotenone model employed in this study is one of the most widely validated and translatable experimental models
of Parkinson’s disease, as it reliably reproduces both motor and non-motor features of the disease through
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mitochondrial complex I inhibition, oxidative stress, and progressive dopaminergic neurodegeneration [34]. The use of
this model therefore strengthens the translational relevance of the findings.

The inclusion of Cyperus esculentus as a dietary intervention in its naturally consumed infused-diet form, rather than as
an isolated extract, reflects ecologically valid and practically accessible conditions of administration. This approach is
directly relevant to the assessment of tiger nut as a complementary dietary strategy in real-world contexts, where
populations consume it as a food source rather than a pharmaceutical preparation [15].

The selection of hippocampal sub regions for analysis, including CA1, CA2, CA3, and the dentate gyrus, represents
another notable strength, as it allowed for the characterization of differential subfield vulnerability to rotenone-induced
neurotoxicity and the regional neuroprotective capacity of tiger nut supplementation, consistent with established
functional and structural heterogeneity across hippocampal subfields [6].

5 CONCLUSION

This study investigated the neuroprotective efficacy of Cyperus esculentus-infused diet on the hippocampus in a
rotenone-induced Parkinson’s disease model using male Wistar rats. The findings demonstrate that chronic rotenone
administration successfully induced Parkinson’s disease-like features in the experimental animals, as evidenced by
significant impairments in locomotor activity and spatial working memory, significant reduction in catalase activity,
and marked histopathological alterations in the hippocampus including neuronal vacuolation, chromatolysis, and
myelin disruption, particularly in the CA1 and CA3 subfields.

Cyperus esculentus -infused diet demonstrated partial neuroprotective potential against rotenone-induced hippocampal
neurotoxicity. This was most notably evidenced by the significant enhancement of catalase activity and the improved
preservation of hippocampal cytoarchitecture observed in the rotenone plus tiger nut group compared to the rotenone
only group. However, full restoration of all behavioral, biochemical, neurotransmitter, and histological parameters to
control levels was not achieved, and the neuroprotection is therefore classified as partial rather than complete.

These findings suggest that tiger nut-infused diet, through its rich content of antioxidant and anti-inflammatory
bioactive compounds, may partially attenuate the oxidative stress and structural damage inflicted on the hippocampus
by rotenone, and may therefore hold promise as a complementary dietary intervention in the management of
Parkinson’s disease-related cognitive decline and hippocampal dysfunction. Further studies focusing on dose
optimization, molecular mechanisms, and validation in higher experimental models are recommended to fully explore
the neuroprotective capacity of tiger nut.
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