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Abstract

Background: The nutritional supplement (NS), composed of Prunus amygdalus, Juglans regia, and Cucumis melo, contains bioactive
phytoconstituents such as tocopherol, linoleic acid, and phenolic compounds that contribute to its anti-inflammatory, antioxidant, and
neuroprotective potential. The current investigation was conducted to evaluate the neuroprotective potential of the nutritional supplement
in a lipopolysaccharide (LPS)-induced neuroinflammatory model and resulting memory deficit in Wistar rats by analyzing oxidative
stress, histological features, and molecular outcomes. Methods: Adult Wistar rats were divided into five groups (n = 8/group): control
(distilled water), LPS (0.25 mg/kg, i.p.), NS (500 mg/kg), NS (500 mg/kg, p.o.) + memantine (5 mg/kg, p.o.), and memantine (5 mg/kg,
p.o.). Phytoconstituents of the NS were analyzed by gas chromatography–mass spectrometry (GC–MS). Total phenolic content and
antioxidant activity were assessed using the Folin–Ciocalteu method and the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging
assay, respectively. Cognitive function was assessed using the passive avoidance and Morris Water Maze tests. Rats were sacrificed on
day 35, after 30 days of dosing. Brain tissue homogenates were evaluated for malondialdehyde (MDA), catalase (CAT), and superoxide
dismutase (SOD); histopathological alterations were examined by hematoxylin–eosin staining; amyloid-like deposition was assessed
by Congo red staining; cytokine and amyloid precursor protein (APP) gene expression were assessed by real-time polymerase chain
reaction (PCR); enzyme-linked immunosorbent assay (ELISA) was used to measure protein concentrations of interleukin-6 (IL-6) and
tumor necrosis factor-alpha (TNF-α). Result: The phytoconstituents identified were linoleic acid (65.04%) and tocopherol (9.29%).
Total phenolic compounds were present in significant amounts, and the DPPH assay showed 67.9% radical-scavenging activity. The
LPS group showed reduced cognitive function and spatial memory. Moreover, LPS increased MDA levels, decreased antioxidant levels,
altered neuronal cell architecture on histology, increased amyloid-like deposition, and elevated cytokine gene and protein expression
compared with the control. NS mitigates LPS-mediated neuroinflammation by improving cognitive function and memory. Furthermore,
NS reduces MDA levels and elevates antioxidant levels, thereby restoring neuronal architecture compared with the LPS group. Real-time
PCR analysis showed a significant decrease in the targeted gene, while ELISA showed a significant reduction in TNF-α and IL-6 protein
levels in brain tissue of the nutritional supplement-treated group compared with the LPS group. Conclusions: These findings suggest
that NS treatment protects brain tissue from LPS-induced neuroinflammation through antioxidant and anti-inflammatory mechanisms,
supporting its potential as a neuroprotective agent to restore cognitive function.

Keywords: dietary supplement; neuroprotective agent; neuroinflammation; catalase; superoxide dismutase; lipopolysaccharides; cy-
tokines; cognitive dysfunction

1. Introduction

Cognitive impairment is manifested by progressive
neuronal and synaptic degeneration, accompanied by ox-
idative stress, inflammation, and synaptic dysfunction [1].
It has emerged as a notable global health problem among
the elderly population, representing the leading cause of
disability and mortality [2]. The prevalence of cognitive
dysfunction or dementia is increasing rapidly, and the lim-
ited availability of safe and effective treatments to manage

or improve its progression remains a challenge. Conse-
quently, adopting a well-balanced and healthy diet has be-
come a fundamental approach for preventing and managing
numerous chronic conditions [3,4].

Primarily, persistent microglial activation promotes
the upregulation and release of key proinflammatory cy-
tokines, including interleukin-6 (IL-6) and tumor necrosis
factor alpha (TNF-α), which exacerbate oxidative stress and
disrupt synaptic integrity [5,6]. Neuroinflammation and ox-
idative stress are considered central contributors to cogni-
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tive impairment. Activated microglia initiate inflammatory
cascades via Toll-like receptor 4-dependent signalling path-
ways, leading to the activation of nuclear factor kappa-B
(NF-κB) and upregulation of cytokines [7,8]. The secretion
of cytokines (IL-6 and TNF-α) exacerbates the production
of reactive oxygen species (ROS), undermining antioxidant
defences [9]. The aggregation of peptides to form plaques
and amyloid protein accumulation activate glial cells and
trigger the release of proinflammatory cytokines, promot-
ing neuroinflammation and neuronal damage [10,11].

Lipopolysaccharide (LPS), a bacterial endotoxin, is
widely used as a neuroinflammatory model for preclinical
studies as it induces both central and systemic inflamma-
tory responses. Circulating endotoxins originating in the
gut can enter the bloodstream and trigger brain inflamma-
tion by crossing the blood-brain barrier, leading to neu-
ronal toxicity [12]. Upon binding to Toll-like receptor 4
(TLR4), LPS activates the NF-κB pathway, leading to up-
regulation of proinflammatory cytokines. LPS provides a
well-established platform for investigating inflammation-
driven molecular alterations, including oxidative stress [1].

In contemporary research, nutritional and dietary sup-
plements have received growing recognition as a neuropro-
tective approach. There is increasing research interest in
nutritional strategies as adjunctive approaches to modulate
neurodegenerative processes [13]. Juglans regia, Prunus
amygdalus, andCucumis melo have long been consumed as
nutrient-rich foods in traditional dietary practices, particu-
larly in South Asia and theMediterranean region. These are
rich sources of phytoconstituents, including linoleic acid
(omega-6), α-linoleic acid (omega-3), vitamin E (α- and γ-
tocopherol), phenolic compounds, and flavonoids [14,15].
Traditionally, these foods have been regarded as benefi-
cial for maintaining general health, vitality, and cognitive
function. They possess anti-inflammatory and antioxidant
properties and have been associated with improved cogni-
tive performance in preclinical studies. Omega-6 (linoleic
acid) has been shown to suppress inflammatory mediators
and microglial activation [1]. Simultaneously, tocopherols
support redox homeostasis by enhancing levels of endoge-
nous antioxidants, such as catalase and superoxide dismu-
tase [16]. Additionally, certain nut-derived natural active
compounds have been shown to interfere with choliner-
gic neurotransmission and amyloid-β activation [17]. Pre-
vious studies have reported that phytochemicals such as
polyphenols, flavonoids, polyunsaturated fatty acids, and
proteins possess antioxidant, anti-inflammatory, cardiopro-
tective, and neuroprotective properties. Although the con-
tent of nutrients may vary among different types of dry nuts,
their overall nutrient composition remains comparable [18].
Preclinical and experimental research has reported that nat-
ural compounds can attenuate neuroinflammation and act
as antioxidants, thereby improving cognitive function and
preventing neuronal damage [19]. Their traditional use, to-
gether with growing experimental evidence of their neuro-

protective potential, provides a scientific rationale for com-
bining these ingredients as a nutritional supplement for the
management of neuroinflammation and cognitive impair-
ment [20,21]. Previous findings support the growing inter-
est in nutrition-based interventions as a safer alternative to
conventional pharmacological therapies. Theymay also en-
hance therapeutic outcomes through complementary mech-
anisms to reduce the risk of age-related cognitive disorders
[13]. Despite this evidence, important gaps remain in un-
derstanding the integrated effects of combined nut-derived
bioactive compounds. Most studies focus on isolated phy-
tochemicals rather than the synergistic effect of a com-
bined nut-based supplement [22]. Moreover, few inves-
tigations have assessed inflammatory cytokines, oxidative
stress markers, and cognitive dysfunction [23]. In partic-
ular, whether such nutritional supplementation and bioac-
tive substances can concurrently modulate the inflamma-
tory pathway in LPS-induced neuroinflammation warrants
further investigation.

Therefore, the current study aimed to investigate the
neuroprotective effects of a combination of Prunus amyg-
dalus, Juglans regia, and Cucumis melo, when adminis-
tered as the nutritional supplement, on LPS-induced cog-
nitive impairment and neuroinflammation in a Wistar rat
model. Furthermore, the study aimed to elucidate the
molecular mechanisms underlying the neuroprotective ef-
fects of the nutritional supplement against inflammation
and oxidative damage.

2. Materials and Methods
2.1 Chemicals and Reagents

Analytical-grade reagents and chemicals were used
in the study. The endotoxin LPS (500×) was acquired
from Invitrogen (Thermo Fisher Scientific, Carlsbad, CA,
USA), and the source was Escherichia coli (026: B6,
catalogue no. 00-4976). Memantine was obtained from
High-Q International Pharmaceuticals (Karachi, Pakistan;
Lot no. 1RM007). Malondialdehyde (MDA; 100683),
thiobarbituric acid (TBA; 31670), and trichloroacetic acid
(TCA; 120010500) were procured from Sigma-Aldrich (St.
Louis, MO, USA). The micro-method antioxidant assay
kit catalase (CAT; D799598-0100) and superoxide dismu-
tase (SOD; D799594-0100) were purchased from Sangon
Biotech (Shanghai, China), and sandwich enzyme-linked
immunosorbent assay (ELISA) kits for IL-6 (SEA 079 RA)
and TNF-α (SEA 133 RA) were purchased from USCN
(Cloud-Clone Corp., Katy, TX, USA).

2.2 Collection of Samples and Nutritional Supplement
Preparation

Prunus amygdalus (PA), Juglans regia (JR), and Cu-
cumis melo (CM) were acquired from the local market
and identified by the Department of Pharmacognosy at the
Faculty of Pharmacy and Pharmaceutical Sciences, Ziaud-
din University. The herbarium numbers were assigned to
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Prunus amygdalus (PAS-037-25), Juglans regia (JRS-035-
25), and Cucumis melo (CMS-034-25). After washing and
drying, the nuts were ground into a fine powder using a
grinder mixer and stored at 4 °C until use. The nutritional
supplement was formulated by combining 10 g each of
Prunus amygdalus, Juglans regia, and Cucumis melo seed
powders in a 1:1:1 (w/w) ratio, then thoroughly mixing to
obtain a homogeneous formulation. The mixture was then
stored in a sealed, moisture-free container to prevent degra-
dation and maintain stability.

Dose Selection and Preparation
A pilot study was conducted before the model was es-

tablished. The two doses of the nutritional supplement, 250
mg/kg and 500 mg/kg, were selected to evaluate a dose-
dependent neuroprotective effect. The comparative analy-
sis of behavioral and biochemical outcomes indicated that
the 500 mg/kg dose produced the most pronounced bene-
ficial effects without observable adverse responses. Con-
sequently, the 500 mg/kg dose was selected for the exper-
imental design [24]. The doses were freshly prepared as a
paste in distilled water. The paste was prepared at a concen-
tration of 1 g/5 mL. The dose was calculated based on the
body weight of the individual animal [17]. LPS stock so-
lution, 500× (2.5 mg/mL), was prepared in distilled water.
The 1 mL stock solution was diluted with 9 mL of distilled
water to obtain a working concentration of 0.25 mg/mL.

2.3 Experimental Animal
The study was conducted in Wistar rats of both sexes

weighing 200 ± 30 g. The rats were bred locally at the ani-
mal house of JinnahUniversity forWomen (JUW), Karachi.
Before the experiment, animals were acclimatized to the
laboratory environment for 7 days. The rats were kept at
an appropriate temperature (25 °C ± 2 °C) and humidity
(65% ± 5) with a 12-hr dark/light cycle [4]. The animals
were housed in separate cages, with four animals per cage,
and allowed free access to standard rat chow and water
as required. All experimental procedures were conducted
in accordance with the National Institutes of Health (NIH)
guidelines for the care and use of laboratory animals (NIH
publication No. 80-23).

Experimental Design
The study was conducted to assess the neuroprotec-

tive effects of the nutritional supplement by improving cog-
nitive function. An illustration of an experimental work-
flow is shown in Fig. 1. The nutritional supplement
(PA+JR+CM) and memantine (reference drug) were ad-
ministered orally via orogastric intubation to groups III,
IV, and V, respectively, for 30 days. Forty Wistar rats
were randomly grouped into five groups (n = 8) [24]. (I)
Control administered distilled water orally daily, (II) LPS
alone was injected (0.25 mg/kg, i.p.) for 4 consecutive
days, (III) NS-treated administered the nutritional supple-

ment (500 mg/kg, p.o.) daily for thirty days as a pre-
treatment, (IV) NS (500 mg/kg, p.o.) + Memantine (5
mg/kg, p.o.) for thirty days, (V) Memantine served as a ref-
erence group, pre-administered memantine (5 mg/kg/day,
p.o.) for 30 days. After pretreatment, LPS (0.25 mg/kg,
i.p.) was administered on days 27–30 in Groups II, III, IV,
and V to induce neuroinflammation and cognitive dysfunc-
tion. Behavioral assessments were performed from Day
30 to 34. Following the completion of the behavioural as-
sessment, all experimental animals were anaesthetised on
Day 35 by intraperitoneal administration of ketamine (100
mg/kg) and xylazine (10 mg/kg). The depth of anaesthesia
was confirmed by the absence of corneal and pedal with-
drawal reflexes and lack of response to a noxious stimulus.
Once deep anaesthesia was confirmed, the animals were
euthanised by exsanguination through cardiac blood with-
drawal. Death was confirmed by absence of spontaneous
respiration and heartbeat. The brains were subsequently re-
moved and processed for biochemical and histopathological
analyses [25].

2.4 Assessment of Behavior and Cognitive Function
The passive avoidance and Morris water maze tests

were conducted to evaluate the effect of the nutritional sup-
plement and to compare it with LPS andmemantine on cog-
nitive functions [26].

2.4.1 Passive Avoidance Test (PAT)
The test was performed to evaluate learning and mem-

ory in rats. The apparatus included a “shuttle box”, a spe-
cially designed apparatus for a passive avoidance experi-
ment. The box comprised two equal-sized compartments,
a light-coloured and a dark-coloured chamber [27]. A
guillotine-style door (5 cm× 5 cm) separated the dark cham-
ber from the light area. The floor of both chambers was
lined with stainless steel rods, spaced 6 mm apart. Each rat
underwent the learning test during three consecutive days.
During the first two days of testing, experimental rats spent
5 min in the apparatus to acclimatize. The learning assess-
ment was performed on the third day. In the learning phase,
the rats received a mild shock (1 mA, 50 Hz) for 1 sec-
ond whenever they entered the dark compartment with all
four paws. Training continued until each rat learned to stay
in the light chamber for 120 seconds without moving into
the dark chamber. After completing this phase, the animals
were returned to their cages [28].

Step-Through Latency (STL). A step-through latency was
performed 24 hours after training on day 4. As in a training
or learning test, the rat was re-entered into the light cham-
ber, and after 5 seconds, the guillotine gate was opened, al-
lowing it to enter the dark chamber. In this phase, the step-
through latency (STL) was observed for 5 minutes. The test
was discontinued after 5 minutes if an animal could not en-
ter the dark compartment [7].

3

https://www.imrpress.com


Fig. 1. Schematic workflow for evaluating the anti-inflammatory and antioxidant effect of the nutritional supplement in LPS-
induced cognitive impairment in rats. The workflow was created using Microsoft PowerPoint. LPS, lipopolysaccharide.

2.4.2 Morris Water Maze (MWM) Behavioral Assessment
Test

To accomplish the Morris water maze assessment, a
polypropylene-based pool with a depth of 35 cm and a
height of 2 m was used, filled with water and kept at a con-
stant temperature (25 ± 1 °C) [4]. A small white platform
(10 cm wide, 30 cm tall) was placed about 50 cm from the
edge of one quadrant and was hidden just below the water
surface. The training was done over four days, with a total
of 16 trials. Each day, the rats were trained to find the hid-
den platform, and they were kept there for an additional 10
seconds. If the animal could not locate the platform in time,
it was gently placed on it and also allowed to stay there for
10 seconds.

Probe Trial. The platform was removed for the probe trial
on the fifth day of the experiment. Each rat was placed in
the pool from the opposite side and allowed to swim for
90 seconds. The duration that the rat spent exploring the
previous placement of the platform was noted as retention
time, an indication of memory retention [29].

2.5 Isolation and Preparation of the Brain Sample
At the end of the experiment, the animals were decap-

itated, and brains were rapidly dissected. The whole brain
was then removed and immediately chilled in an ice-cold
saline solution. Furthermore, after the brain removal, the
hippocampus was placed into separate aliquots, and the tis-
sue samples were stored at −80 °C until the assay was per-
formed [30].

2.6 Estimation of Total Phenolic Content
For the estimation of total phenolic content, the

methanolic extract was prepared (10 g in 50 mL of
methanol). The total phenolic content was estimated
through slight variations of the Folin-Ciocalteu spectropho-
tometric method [31]. Gallic acid was used as a refer-
ence standard. Extract (1 mL) was mixed with 10% Folin’s
reagent (2.5 mL) and Na2CO3 (2.5 mL) in a tube. The pre-
pared sample was incubated at room temperature (25 °C ± 1
°C) in the dark for 2 hours. The absorbance was determined
at 740 nm against a blank (methanol) in a spectrophotome-
ter (UV-1800) [32].
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2.7 Assessment of 1,1-diphenyl-2-picrylhydrazyl (DPPH)
Radical Scavenging Activity

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging ability was measured using a modified method
described by Nguyen et al. (2022) [33]. The methano-
lic extract(1 mL) at concentrations of 300 mg/mL and 500
mg/mL was separately added to the DPPH solution (3.5
mL) and incubated for 30 minutes in the dark. The ab-
sorbance was measured at 517 nm using a spectrophotome-
ter (Shimadzu UV-1800) with methanol as the blank. An
ascorbic acid calibration curve (0.03–0.27 mM) was pre-
pared, and all measurements were performed three times
[33]. The antioxidant potential was estimated using the
standard percentage inhibition formula.

% inhibition = (AC −AT )× 100/AC

Where, AC = Absorbance of Control, AT = Absorbance of
test Sample.

2.8 Gas Chromatography Mass Spectrometry (GC-MS)
The characterisation was performed to identify bioac-

tive phytoconstituents in the nutritional supplement. The
extract was prepared using a Soxhlet apparatus (50 g sam-
ple /100 mL hexane). GC-MS was performed using an
Agilent Technology 7000 GC-MS triple-quadrupole sys-
tem [34]. Chromatographic separation was performed us-
ing an OPTIMA-5 column, maximum column temperature
360 °C, with helium as the carrier gas (1.129 mL/min flow
rate, 5:1 split ratio) and total run time 70.716 min. A 2.5
μL aliquot was injected using an automated liquid sam-
pler. The detected compounds were identified by compar-
ing their mass spectra with the reference spectra in the Na-
tional Institute of Standards and Technology (NIST) Mass
Spectral Library. The relative abundance of each identified
compound was estimated from its peak area as a percentage
of the total integrated peak [35].

2.9 Estimation of Lipid Peroxidation and Antioxidant
Activity

Lipid peroxidation in brain tissue was determined us-
ing the TBARS (Thiobarbituric Acid Reactive Substances)
assay by measuring MDA levels, and the results were ex-
pressed as nmol/mg. 100 mg of brain tissue was ho-
mogenised in 1 mL of phosphate-buffered saline (pH 7.4),
and the supernatant was collected after centrifugation at
10,000 ×g for 15 minutes. Protein denaturation was
achieved by centrifugation and precipitation with 20% (v/v)
TCA. TBA 0.33% was mixed with the supernatant, and
the sample was boiled for 1 hour at 95 °C to allow the
MDA-TBA reaction. After cooling, the samples were ex-
tracted with butanol to increase the intensity of the pink
colour. The samples were finally centrifuged, and ab-
sorbance was measured at 532 nm using a microplate pho-

tometer (Thermo Scientific Multiskan, USA). 1000 μM
stock solution ofMDAwas prepared to make dilutions over
the 0–40 nmol/mL range to quantify MDA levels in sam-
ples using a standard curve linear equation [36]. CAT and
SOD levels were estimated in brain tissue to measure an-
tioxidant enzyme status in experimental animal groups us-
ing commercial assay kits and following the manufacturer’s
protocol by Sangon Biotech. CAT activity was determined
using a micro method based on H2O2 decomposition at 240
nm, measured with a UV-Visible spectrophotometer (Shi-
madzu UV-1800, Shimadzu Corporation). CAT activity
was analysed by measuring the decrease in absorbance at
240 nm over time and calculating the rate of change in ab-
sorbance. The SOD enzymatic reaction was detected using
the xanthine-xanthine oxidase reaction to generate superox-
ide anions, which form blue formazan by reducing nitroblue
tetrazolium. SOD inhibits formazan formation by neutral-
ising O2

-, and a decrease in absorbance value at 560 nmwas
measured.

2.10 Estimation of Neuroinflammatory Biomarkers
2.10.1 Pro-Inflammatory Cytokine Gene Expression
Analysis via RT-qPCR

The brain samples were homogenised in TRIzol
reagent (RT 111, USA) to extract RNA from the hippocam-
pal region. The purity and concentration of the isolated
RNAwere assessed by measuring the 260/230 and 260/280
ratios using a NanoDrop 2000 (USA). Reverse transcription
cDNA was performed using Superscript II Reverse Tran-
scriptase (Thermo Scientific, Invitrogen, USA). Quantita-
tive reverse transcription real-time polymerase chain reac-
tion (RT-qPCR) was performed on the Eco-TM Real-time
PCR system (Illumina, USA) using SYBRGreen PCRMas-
ter Mix (Applied Biosystems, Foster City, CA, USA). Each
RT-qPCR reaction was carried out in a final volume of 20
µL containing 1 µL cDNA and 0.2 µM each of the For-
ward and Reverse primers. The amplification conditions
consisted of an initial denaturation at 95 °C, for 5 min, fol-
lowed by 40 cycles of denaturation at 94 °C for 15 sec-
onds, annealing at the primer-specific temperatures listed
in Table 1, and extension at 72 °C for 20 seconds. The
specificity of the amplification products was verified by
melting curve analysis. Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was used as the housekeeping gene
for normalisation, and relative gene expression was calcu-
lated using the ΔΔCq method to measure fold change. The
primers for the targeted genes IL-6, TNF-α, and amyloid
precursor protein were generated using the NCBI Primer
BLAST tool, as shown in Table 1.

2.10.2 Estimation of Cytokine Levels

After isolation of the hippocampus from each brain
sample stored in a separate Falcon tube, each sample was
homogenised in 10 volumes of cold buffer containing 20
mM Tris-HCl (pH 7.4), 0.5 mM benzamidine, 1.0 mM
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Table 1. RT-qPCR primers for gene expression analysis.
Primer Sequence 5′-3′ Primer length (bp) Amplicon length (bp) Annealing temperature °C

IL-6
F: CTCACACTCCTCTCACAGTCT
R: CGAAAGTCAACTCCATCTGCC

21
21

115
54 °C
54 °C

TNF-α
F: CCAGACCCTCACACTCAGTAAG
R: CTTAGGTTTCCCAGCAAGCA

22
20

135
55 °C
55 °C

Amyloid precur-
sor protein

F: TCTTCTTCGCTGCAGACCAC
R: AGCTCCCAGGATCTTGCATAC

20
21

167
56 °C
56 °C

GAPDH
F: CCATTCCTAATTTCCATTCGTCTCC
R: CCCACCATCCAGTTCCTATAAATAC

25
25

143
59 °C
59 °C

IL-6, interleukin-6; TNF-α, tumor necrosis factor alpha; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Fig. 2. NS memory-restoration effect in LPS-induced cognitive dysfunction in rats. Behavioral tests were performed using the
passive avoidance test and the Morris water maze to assess memory impairment across all five groups (n = 8). (A) Step-through latency
(STL) in seconds, (B) time spent in the dark chamber, and (C) Probe trial in the MWM test. Significance is indicated as ***p < 0.001
compared with control; ###p < 0.001 compared with LPS. MWM, Morris Water Maze.

EDTA, and 1.0 mMDTT. The proteins were extracted from
the tissue homogenate by ultrasonic disruption with a son-
icator (WUC-A02H, Daihan Scientific Co., Republic of
Korea), and the samples were immediately centrifuged at
20,000 ×g for 30 minutes at 4 °C using a refrigerated bench-
top centrifuge (K2015R, Centurion Scientific, UK). The su-
pernatant was carefully collected and stored at –40 °C until
analysis. The concentrations of TNF-α (lot: L230208134)
and IL-6 (lot: L230412958) in tissue homogenates were
quantified using a commercially available sandwich ELISA
kit fromUCSN (Cloud-Clone Corp., USA) according to the
manufacturer’s instructions.

2.11 Histopathological Examination

The sagittal plane brain sections were fixed in for-
malin and dehydrated using ethanol, cleaned in xylene,
and mounted in paraffin blocks. After that, 5 μm-thick
serial sections were cut and stained. Hematoxylin and
eosin (H&E) and Congo Red staining were performed. The
images were observed using a light microscope to anal-
yse the hippocampal regions [4]. Histopathological alter-
ations were assessed by semi-quantitative analysis based
on pyramidal layer disorganization, neuronal shrinkage, nu-
clear pyknosis, vacuolation/tissue damage, and overall neu-
ronal degeneration, using a severity-based scoring approach
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Fig. 3. Chromatogram; Represents the presence of phytoconstituents in the nutritional supplement extract.

Table 2. Total phenolic content (TPC) (GAE) mg/g of dry
weight of methanolic and aqueous extracts of the nutritional

supplement.
Sample Concentration (mg/mL) TPC (GAE mg/gm)

NS-m 300 ND
NS-m 500 7.70 ± 2.5
NS-aq 300 5.5 ± 1.2
NS-aq 500 9.45 ± 1.5
Values expressed as Mean ± SD. ND, not detected; GAE,
gallic acid equivalents; NS-m, nutritional supplement
methanolic extract; NS-aq, nutritional supplement aqueous
extract.

adapted from Khalil et al. (2022) [37]. Each histopatholog-
ical feature was graded on a 0–4 scale, where 0 = normal,
1–2 = mild, 3 = moderate, and 4 = severe [37].

2.12 Statistical Analysis

Data are expressed as mean ± standard deviation (SD)
for each group. Statistical analysis across multiple groups
was performed using SPSS version 22.0 (IBM Corp., Ar-
monk, NY, USA). Data normality was assessed by the
Shapiro–Wilk test. Homogeneity of variances was evalu-
ated using Levene’s test. As the assumptions of normal-
ity and homogeneity of variance were satisfied, differences
among groups were analysed using one-way analysis of

variance (ANOVA) followed by Tukey’s post hoc test for
multiple comparisons. The statistical significance level was
set at p < 0.05.

3. Results
3.1 Nutritional Supplement (PA, JR, and CM) Restores
Cognitive Impairment

Restoration of cognitive impairment was assessed us-
ing passive avoidance tests and the Morris water maze, as
illustrated in Fig. 2. In the PAT, step-through latency was
significantly decreased, and time spent in the dark chamber
was increased in the LPS group compared with the control
(p < 0.001), indicating memory decline. The NS-treated
group and NS co-administration with memantine showed
significantly increased STL. Both treated groups signifi-
cantly reduced time spent in the dark area compared with
the LPS group (p < 0.001), demonstrating improved mem-
ory and learning performance following treatment (Fig.
2A,B). In the MWM probe trial test, LPS administration
significantly reduced time spent in the target quadrant com-
pared with the control group (p < 0.001), indicating im-
paired spatial memory. Treatment with the Nutritional sup-
plement, co-administered with memantine (Fig. 2C), sig-
nificantly increased target quadrant time compared with the
LPS group (p < 0.001), demonstrating improved spatial
memory.
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Table 3. Key bioactive constituents identified in the nutritional supplement by GC-MS analysis.

Compounds Chemical formula Chemical name Class RT (min)
GC

Peak Area%
% match

Linoleic acid

C18H32O2

(9Z,12Z)-Octadeca-9,12-dienoic acid Polyunsaturated fatty acid (PUFA) 21.24 65.04% 93.2

γ-tocopherol

C28H48O2

2,7,8-trimethyl-2-[(4R,8R)-4,8,12-
trimethyltridecyl]-3,4dihydrochromen-6-

ol

Phenolic compound 28.6 9.29% 91.7

α-tocopherol

C29H50O2

(2R)-2,5,7,8-Tetramethyl-2-[(4R,8R)-
4,8,12-trimethyltridecyl]-3,4-dihydro-

2H-1-benzopyran-6-ol

Phenolic compound 29.44 4.13% 89.1

Stearic acid

C18H36O2

Octadecanoic acid Saturated Fatty acid 21.45 8% 77.5

Squalene

C30H50

2,6,10,15,19,23-Hexamethyltetracosa-
2,6,10,14,18,22-hexaene

Triterpene hydrocarbon 26.77 6.56% 83.6

Palmitic acid

C16H32O2

Hexadecanoic acid Saturated Fatty acid 19.56 6.98% 92.4

RT, retention time; % area indicates the percentage of the constituents. Chemical structure was drawn using ChemDraw software. The compounds were identified using the National Institute of
Standards and Technology (NIST) mass spectral Library.
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Table 4. DPPH assay of nutritional supplement.
Methanolic extract Conc. mg/mL RSA%

NS 1 300 54.8 ± 0.38
NS 2 500 67.9 ± 0.30
%RSA; Percentage of free radical-scavenging
activity; Values are expressed as Mean ± S.D.

3.2 Estimation of Total Phenolic Content in the Nutritional
Supplement

The total phenolic content was determined in the aque-
ous and methanolic extracts of the nutritional supplement.
AT 500 mg/mL, TPC values were 7.70 and 9.45 mg GAE/g
dry weight in the methanolic (NS-m) and aqueous (NS-aq)
extracts, respectively. At 300 mg/mL, the TPC value was
5.50 mgGAE/g dry weight in the NS-aq, whereas it was not
detected in the methanolic extract (Table 2).

3.3 Composition and Characterisation by GC-MS

The GC-MS profile of the nutritional supplement
showed the presence of unsaturated fatty acids, including
monounsaturated fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA) (Fig. 3). Table 3 shows that the ex-
tract is predominantly composed of linoleic acid, stearic
acid, squalene, and palmitic acid, along with notable levels
of the antioxidants α- and γ-tocopherols. This composition
suggests potential health-promoting effects and good oxida-
tive stability, supporting its neuroprotective potential when
administered as a nutritional supplement. The compounds
were identified by comparing their mass spectra with refer-
ence spectra in the NIST Mass Spectral Library based on
spectral match factors. The relative abundance (% peak
area), retention time (RT) and match factor of each iden-
tified compound are listed in Table 3.

3.4 NS Mediated Scavenging Activity Determined by
DPPH Assay

The free radical-scavenging activity of the nutritional
supplement was measured as a percentage of DPPH inhibi-
tion. The nutritional supplement exhibits significant DPPH
radical-scavenging activity (RSA) at 500 mg/mL, as shown
in Table 4. The methanolic extract exhibits a concentration-
dependent increase in antioxidant activity, reflecting an-
tioxidant potential correlated with phenolic content.

3.5 NS Mitigates Oxidative Stress

Lipid Peroxidation and oxidative stress were quanti-
fied in the hippocampus region of brain tissue by measuring
MDA levels, expressed as nmol/mg of protein. As shown in
Table 5, the MDA level was higher in the LPS group (11.68
± 1.84 nmol/mg protein) than in the control (1.91 ± 0.58
nmol/mg protein), indicating pronounced oxidative damage
following LPS-induced oxidative stress. Pretreatment with
the nutritional supplement reduced MDA levels (7.10 ±

2.10 nmol/mg protein). Co-administration of memantine +
NS significantly attenuated lipid peroxidation (4.59 ± 0.89
nmol/mg protein). Memantine alone also significantly re-
duced oxidative stress (5.26 ± 1.60 nmol/mg protein) com-
pared to LPS. However, the findings indicate that the nutri-
tional supplement mitigates lipid peroxidation, supporting
its oxidative and neuroprotective potential against oxidative
stress.

3.6 NS Reinforces Antioxidant Defense

The antioxidant enzymes CAT and SOD were mea-
sured in the brain tissue homogenate of each group. In
the LPS group, CAT and SOD levels were significantly de-
creased compared to the control group (p < 0.0001). The
treated groups (NS, NS+ memantine, and memantine) sig-
nificantly improved catalase and superoxide dismutase lev-
els compared to LPS (p < 0.001). The results are also com-
parable with the reference drug (memantine) and showed
a significant (p < 0.05) increase in catalase and superoxide
dismutase levels in the NS-treated group.

3.7 Nutritional Supplement Suppresses Pro-Inflammatory
Cytokine Gene Expression

The expression of gene transcripts using real-time
PCR in the rat hippocampus is shown in Fig. 4A,B. After
intraperitoneal LPS administration, we observed increased
expression of TNF-α and IL-6 (3.0- and 2.7-fold, respec-
tively) compared with the control group. Nutritional sup-
plement treatment reduced the overexpression of TNF-α
and IL-6 (1.90- and 1.5-fold, respectively), and meman-
tine also reduced their expression (2.3- and 1.85-fold, re-
spectively), compared with the LPS group, indicating sup-
pression of inflammatory cytokines. Co-administration of
the nutritional supplement with memantine significantly at-
tenuated LPS-induced inflammation, with a fold change of
TNF-α and IL-6 (1.6 and 1.3, respectively) when compared
with the LPS group.

3.8 NS-Mediated Downregulation of Amyloid Precursor
Protein (APP) Gene Expression

As shown in Fig. 4C, LPS triggered a marked increase
in amyloid precursor protein levels in the rat hippocampus,
indicating significant upregulation. mRNA expression of
the amyloid precursor protein increased by 3.4-fold. NS
treatment and memantine alone also significantly downreg-
ulated targeted gene expression (1.2- and 1.62-fold, respec-
tively) relative to the LPS group. In contrast, co-treatment
of NS with memantine (1.1-fold change) attenuated the
downregulation of APP gene expression.

3.9 Estimation of Protein Concentration

As illustrated in Fig. 5A,B, pro-inflammatory cy-
tokine levels (TNF-α and IL-6) were estimated.

Quantitative analysis of hippocampal proteins was
performed to evaluate the neuroprotective effects of the nu-
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Table 5. Estimation of MDA (nmol/mg) and antioxidant enzymes.
Groups Treatment MDA (nmol/mg protein) Catalase (U/mg Protein) Superoxide dismutase (U/mg Protein)

I Control 1.91 ± 0.58 5.60 ± 0.06 19.06 ± 0.36
II LPS 11.68 ± 1.84*** 3.22 ± 0.07*** 14.09 ± 0.40***

III NS 7.10 ± 2.10### 4.28 ± 0.23###┼ 16.26 ± 0.36###┼

IV NS + Memantine 4.59 ± 0.89### 4.19 ± 0.04### 15.18 ± 0.54###

V Memantine 5.26 ± 1.60### 4.00 ± 0.08### 15.5 ± 0.29##

Data are represented as mean ± SD, and one-way analysis of variance (ANOVA) (n = 8) is used for analysis, with post hoc
comparisons by Tukey’s test. Significance is shown as ***p < 0.001 in comparison with control; ###p < 0.001, ##p < 0.01
in comparison with LPS, and ┼p < 0.05 when compared with memantine.

Table 6. Semi-quantitative injury scoring of brain tissue.
Histopathological feature A = Control B = LPS C = NS D = NS + Memantine E = Memantine

Pyramidal layer disorganisation 0 4 1 1 1
Neuronal shrinkage 0 4 1 1 2
Nuclear pyknosis 0 3 2 1 1
Vacuolation/tissue damage 0 4 1 2 1
Overall neuronal degeneration 0 4 2 1 1
Scoring: 0 = Normal; 1–2 = Mild; 3 = Moderate; 4 = Severe.

Fig. 4. Nutritional supplement (NS) mitigated LPS-induced neuroinflammation in rats. The effect of NS was assessed by measuring
mRNA expression levels (fold change) of target genes (A) TNF-α, (B) IL-6, and (C) Amyloid precursor protein by RT-qPCR. One-way
ANOVA was applied for statistical analysis, followed by post hoc Tukey’s test. ***p < 0.001 when compared with control, ###p < 0.001
when compared with LPS.

tritional supplement. Elevated levels of proinflammatory
cytokines in the LPS group compared with the control in-
dicate neuroinflammation. In contrast, NS treatment, co-
administration of NS + memantine, and memantine treat-
ment significantly (p < 0.001) decreased TNF-α and IL-6
levels compared with the LPS group.

3.10 NS Alleviated LPS-Induced Histopathological
Alteration in Rat Brain Tissue
3.10.1 Hematoxylin-Eosin Staining

The histopathological evaluation of hippocampal
brain tissue revealed distinct morphological changes among
the treatment groups. The control group (A) maintained
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Fig. 5. Effect of NS (nutritional supplement) on the protein levels of pro-inflammatory cytokines. (A) TNF-α and (B) IL- 6 levels.
Statistical significance between groups is indicated by: ***p < 0.001; compared with the control; ###p < 0.001; when treatment groups
were compared with LPS.

normal neuronal morphology, while the LPS group (B)
exhibited marked neuronal degeneration and neuroinflam-
matory changes, including disruption of the CA1 pyra-
midal layer, neuronal shrinkage, nuclear pyknosis, hyper-
chromatism (black arrow), cytoplasmic vacuolation (red
arrow), necrotic features, and inflammatory cell infiltra-
tion. Conversely, NS-treated (C) memantine (E) showed
partial restoration of neuronal architecture and a signif-
icant reduction in histopathological alterations (Fig. 6).

Co-administration of NS+ memantine (D) significantly at-
tenuated LPS-induced histopathological alterations, as ev-
idenced by restoration of hippocampal architecture. These
observations were further supported by semi-quantitative
injury scores (Table 6), which showed the LPS group ex-
hibited a high score, whereas the treatment groups showed
comparatively lower scores, indicating attenuation of neu-
ral injury and neuroinflammation.
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Fig. 6. NS alleviated LPS-induced histopathological alteration in rat brain tissue. The hippocampal region of the rat brain was stained
with hematoxylin and eosin and observed under 40× magnification with a light microscope. (A) Exhibits the control group with normal
morphology of the pyramidal layer in the CA1 region. (B) shows the LPS group with the pyramidal layer that underwent inflammatory
changes as indicated by the disorganised arrangement, hyperchromatism (black arrow), eosinophilic cytoplasm, nuclear pyknosis, and
shrinkage of neurons and vacuolated cell morphology (red arrow). (C) represents the NS-treated group with normal neuronal morphology,
indicative of a neuroprotective effect; (D) shows a combined treatment of NS + memantine, with neuronal structural preservation; (E)
the memantine-treated group showed preserved neuronal architecture and reduced nuclear pyknosis compared with the LPS group. Scale
bar = 10 μm.

3.10.2 Congo Red Staining

Fig. 7 shows that amyloid protein accumulation in
the brain is a major factor in the progression of memory
impairment. Congo red staining was used to determine
Congo red-positive amyloid-like deposits. LPS adminis-

tration intraperitoneally in rats resulted in a significant in-
crease in amyloid-like protein accumulation (blue arrow).
NS-treated and co-administered memantine groups showed
markedly reduced amyloid-like protein deposits compared
to the LPS group.
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Fig. 7. NS alleviated LPS-induced neuroinflammation and histopathological alteration in rat brain tissue after Congo Red stain-
ing. The rat brain was stained with Congo red and observed under 40× magnification with a light microscope. Congo Red staining was
performed to provide evidence for the presence of amyloid-like protein in the brain tissue (blue arrow). (A) Control; (B) LPS-induced
neuroinflammation; (C) NS-treated; (D) NS + Memantine; (E) Memantine-treated group. Scale bar = 10 μm.

4. Discussion
The study aimed to demonstrate the neuroprotec-

tive activity of the nutritional supplement (Prunus amyg-
dalus, Juglans regia, and Cucumis melo) enriched with
phytoconstituents, including linoleic acid (polyunsaturated
fatty acid) and α- and γ-tocopherol (phenolic compounds).
Our findings demonstrate that the nutritional supplement
improved behavioral performance while modulating fun-
damental pathological mechanisms underlying cognitive
dysfunction. The multitarget neuroprotective and anti-
inflammatory effects suggest that the nutritional supple-
ment may represent a promising nutritional intervention for
cognitive decline.

The memory assessment outcomes provide functional
evidence of the detrimental effect of LPS on cognitive func-
tion tests. Animals receiving LPS showed significant im-
pairments in memory retention and spatial learning as re-
flected by poor acquisition and longer escape latency in
the MWM test and significantly increased time in the dark
chamber in the passive avoidance test, as shown in Fig.
2. A deficit in a particular parameter indicates hippocam-
pal injury, a hallmark of neuroinflammation. A limita-
tion of the present study is that due to the lack of an au-
tomated video-recording system, animal swimming trajec-
tories were not recorded during the Morris Water Maze ac-
tivity. Accordingly, qualitative assessments of movement
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trajectories and animal search behaviour could not be anal-
ysed. Future studies using computerised tracking systems
will provide more comprehensive behavioural characterisa-
tion. The hippocampus is vulnerable to oxidative stress and
inflammatory cytokines due to its increased metabolic de-
mand and sensitivity to redox imbalances. Reactive oxygen
species and pro-inflammatory cytokines, when excessively
generated, impair neurotransmission and disrupt synaptic
plasticity, leading to memory impairment and a deficit in
the learning process. The behavioral characteristics noted
in the NS and NS + memantine-treated groups closely par-
alleled the reduction in oxidative stress and inflammatory
cytokines, indicating that the attenuation of molecular neu-
rotoxicity directly contributed to the restoration of cogni-
tive function. A similar study conducted by Batool et al.
(2019) [38] reported that walnuts and almonds significantly
improved cognitive function in a neurotoxicity model. The
improvement in cognitive behaviour was substantially cor-
roborated by biochemical findings, which showed a signifi-
cant increase in endogenous antioxidant levels and suppres-
sion of oxidative stress. Oxidative stress and neuroinflam-
mation are integrated sequential process that exacerbates
neuronal injury in response to neurodegeneration. LPS
administration activates toll-like receptor-mediated inflam-
matory pathways, promoting NF-κB activation and tran-
scription of proinflammatory cytokines. A sustained neu-
roinflammatory response augments ROS production, in-
creases lipid peroxidation, and induces mitochondrial dys-
function and cellular energy dysregulation, thereby promot-
ing neuronal dysfunction and cognitive decline [30]. In
the current study, LPS significantly elevated MDA levels
while reducing SOD and CAT activities, indicating oxida-
tive imbalance and membrane disruption within brain tis-
sue. Elevated lipid peroxidation not only damages neu-
ronal membranes but also impairs mitochondrial bioener-
getics and synaptic function, both of which are essential for
memory formation and neuronal survival [5,39]. However,
the NS treatment and co-administration of NS with meman-
tine attenuated these alterations by reducing MDA levels
and restoring antioxidant enzyme activity, demonstrating
recovery of cellular redox homeostasis. The antioxidant
activity of the nutritional supplement may therefore inter-
rupt the self-propagating cycle between neuroinflammation
and oxidative stress, reducing progressive neuronal injury
and preserving cognitive performance. A similar study con-
ducted by Rusu et al. (2020) [40] reported that walnut ex-
tract improved antioxidant levels, reduced oxidative stress,
and protected neuronal structure in aged rat models, high-
lighting the anti-inflammatory and neuroprotective poten-
tial of natural antioxidant-based interventions against cog-
nitive dysfunction.

Dysregulation of pro-inflammatory cytokines con-
tributes to persistent microglial activation, neuronal tox-
icity, and disruption of signalling pathways that support
memory consolidation and synaptic plasticity [5]. The cur-

rent investigation shows upregulation of TNF-α and IL-6
gene expression and protein concentration, indicating acti-
vation of neuroinflammatory cascades associated with cog-
nitive dysfunction after LPS administration. Conversely,
NS-treated groups showed significant downregulation of
both cytokine expression and protein levels, indicating ef-
fective modulation of the inflammatory pathway. Alter-
ations in TNF-α and IL-6 are important because neuroin-
flammation not only induces direct neuronal damage but
also exacerbates oxidative stress and promotes amyloido-
genic processing. Pro-inflammatory cytokines impair the
amyloid protein clearance mechanism and facilitate amy-
loid accumulation, thereby accelerating neuronal disease
progression [41]. Thus, the downregulation of cytokines
observed following administration of the nutritional sup-
plement may have contributed not only to reducing neu-
roinflammation but also to preserving neuronal function.
The findings of the present study suggest that although both
the nutritional supplement and memantine administration
alone produced significant improvements in the behavioral,
biochemical, and molecular parameters compared with the
LPS-treated group, the combination treatment did not show
statistically remarkable benefit over either monotherapy
under the present experimental conditions. Further stud-
ies investigating optimised dose combinations, extended
treatment durations, and mechanistic pathways could deter-
mine whether co-administration of the nutritional supple-
ment and memantine confers additive or synergistic neuro-
protective effects.

Neuroinflammation and oxidative stress are funda-
mentally involved in amyloid-associated disease, another
hallmark of neurodegeneration. Inflammatory activation
and augmented ROS production impair the degeneration
and clearance of pathological tau protein and amyloid accu-
mulation, leading to synaptic dysfunction, cytotoxic protein
accumulation, and neuronal death [11,42].

Consistent with the reported mechanism, our find-
ings showed that LPS administration increased amyloid-
associated staining in the brain tissue. However, the nu-
tritional supplement dosing significantly reduced amyloid-
like protein deposition, as shown in Fig. 7, suggesting
modulation of amyloidogenic pathways. The reduction in
Congo red-positive amyloid-like protein accumulation ob-
served in the current study may be attributed to the syner-
gistic anti-inflammatory and antioxidant properties of α, γ-
tocopherol identified in the poly nut formulation. Pei et al.
(2022) [43] conducted a similar study, consistent with the
present findings and with the prominent presence of phyto-
constituents in nuts. The present study reflects the accumu-
lation of amyloid-like proteins rather than mature extracel-
lular amyloid plaques onCongo red staining. Although LPS
administration promotes neuroinflammation and amyloido-
genic processing, it does not induce the formation of mature
fibrillar plaques in acute dosing. In addition, Congo red
staining alone cannot distinguish between soluble and in-
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Fig. 8. Suggested neuroprotective effect of the nutritional supplement in LPS-induced cognitive dysfunction, created in https:
//BioRender.com.

soluble Aβ species. Therefore, future studies incorporating
specific Aβ immunohistochemistry or ELISA are suggested
for further characterization of observed amyloid-associated
changes.

By attenuating oxidative stress and anti-inflammatory
signaling, the nutritional supplement may interfere with the
downregulation of molecular events involved in neuronal
degeneration and amyloid genesis, thereby limiting disease
progression. These findings corroborate previous data sug-
gesting that the walnut supplement mitigates lipid perox-
idation and oxidative stress in AD models [44]. Another
study reported that walnuts, a component of the nutritional
supplement, support neural health by reducing oxidative
stress and inflammation [40]. The proposed mechanism of
the anti-inflammatory and antioxidant potential of the nu-
tritional supplement is presented in Fig. 8. These effects
were associated with improved cognitive function.

The histomorphological alterations corroborated
the neurobehavioral, biochemical, and molecular con-
sequences of the study. The structural alterations are
known to impair synaptic integrity and to contribute to
hippocampal-dependent cognitive dysfunction. In con-
trast, treatment with the nutritional supplement preserved
neuronal morphology and improved hippocampal organiza-
tion, which closely corresponded with enhanced cognitive
performance in behavioral analysis. The observed neu-
roprotection may be attributed to the downregulation of
IL-6 and TNF-α gene expression and the attenuation of ox-
idative stress, thereby preserving neuronal and functional

memory within neural networks. Cumulatively, these
findings demonstrate that the nut-based therapy exerts
neuroprotective potential by simultaneously modulating
integrated pathological mechanisms underlying cogni-
tive decline. The amelioration in learning and memory
was closely related to the restoration of the antioxidant
defenses, the downregulation of pro-inflammatory cy-
tokines, the attenuation of amyloid-associated pathology,
and the preservation of hippocampal neuronal structure
[11]. These integrated findings emphasise the thera-
peutic potential of phytoconstituent-enriched nut-based
nutritional supplements, which contain linoleic acid and
tocopherol, as multitarget interventions capable of mit-
igating neuroinflammation-driven cognitive impairment
and slowing the progression of cognitive dysfunction and
neurodegeneration. Despite the observed neuroprotective
effect, the present study has some limitations. Although
Wistar rats of both sexes were included, sex-specific
differences were not evaluated. Since biological sex
may influence neuroinflammatory response, the observed
effects of the nutritional supplement could broadly be
interpreted with this consideration. Future studies are
recommended to incorporate balanced male and female
cohorts and perform gender-specific analysis to further
validate the present findings.

Limitations of the Study

A key limitation of this study is that the LPS model in-
duces neuroinflammation, rather than the chronic progres-
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sion of neurodegenerative diseases. Therefore, our findings
should be interpreted in the context of neuroinflammation-
induced cognitive decline. Further studies using transgenic
models of neurodegeneration are required to validate the
nutritional supplement’s neuroprotective potential.

5. Conclusions
These findings reveal that the nutritional supplement

attenuated the LPS-induced oxidative stress, neuroinflam-
mation, and learning and memory deficits. Due to its nat-
ural phytoconstituents, anti-inflammatory and antioxidant
effects, and downregulation of proinflammatory cytokines,
it could contribute to neuroprotection and the restoration
of cognitive impairment. Co-administration of nutritional
supplements with memantine showed a supportive treat-
ment effect on memory restoration. Further investigations
are recommended to identify the effect of this nut combina-
tion on neurogenesis and to explore other molecular path-
ways associated with its phytoconstituents. The nutritional
supplement could represent a promising dietary interven-
tion warranting further clinical evaluation in cognitive im-
pairment.
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