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ABSTRACT

Background: Passiflora ligularis (granadilla) is known for its health benefits, including its potential in managing obesity.
inflammation, and diabetes. This study aimed to evaluate the effects of an extract from P. ligularis fruit (PAS) o
neuroinflammation, n cognitive function, and oxidative stress in a zebrafish model of scopolamine (SCO)-induced

neurodegeneration.

Methods: Flavonoid profile was evaluated using high-performance liquid chromatography (HPLC-UV-MS). Zebrafish

(Danio rerio) received oral PAS at dose of 4, 6, and 8 pug/ml or donepezil used as positive control (0.65 mg/kg) for 19

days, followed by SCO administration (100 pug/ml) one hour before behavioral tests. These included the novel tank
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diving test (NTT), Y-maze test, and novel object recognition test (NOR). Post-experiment biochemical brain parameters

were analyzed.

Results: HPLC-UV-MS identified 11 phenolic compounds previously reported for their neuroprotective potential. PAS
treatment significantly improved acetylcholinesterase (AChE) activity, oxidative stress markers, and neurocognitive

impairments, demonstrating effects comparable to the donepezil group.

Conclusions: These findings suggest that Passiflora ligularis extract may be a promising phytotherapeutic approach for

alleviating memory impairment and symptoms associated with Alzheimer’s disease.

Novelty of the study: This study investigates the effect of Passiflora ligularis extract on neurodegenerative disease in
zebrafish model, revealing its potential to alleviate neurocognitive impairments mitigate neuroinflammation, reactive

oxygen species and acetylcholinesterase.
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Graphical Abstract: The efficacy of Passiflora ligularis extract in the restoration and enhancement of neurocognitive

disease
INTRODUCTION functions, including the neurotransmitter acetylcholine
Alzheimer's disease (AD) is a neurodegenerative (ACh), which naturally decreases with aging. This

condition characterized by a decline in biological reduction is significantly more pronounced in individuals
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with  AD and has been linked to elevated
acetylcholinesterase (AChE) activity. AChE has been
associated with BA-fibrils and the aggregation of these
structures, contributing to disease progression [1].
Several pharmacological treatments target these
mechanisms to alleviate clinical symptoms. Donepezil
and Galantamine function as acetylcholinesterase
inhibitors, while Rivastigmine inhibits both
acetylcholinesterase and butyrylcholinesterase.
Additionally, Galantamine modulates nicotinic receptors
[2], and Memantine acts as an N-methyl-D-aspartate
(NMDA) receptor antagonist [3]. AD manifests as a
progressive decline in cognitive abilities, initially
appearing as memory loss and difficulty forming new
memories. Over time, individuals experience significant
impairment in recalling past events. Neurodegeneration
also affects brain regions responsible for motor control
and language [4].

Neuroinflammation has an important role in
maintaining brain homeostasis and can be triggered by
various stimuli. If sustained, it may contribute to
neurodegeneration. Microglia, immune cells in the
central nervous system (CNS), actively monitor these
stimuli and execute protective functions to preserve
neural equilibrium [4]. However, an imbalance between
phagocytosis and pro-inflammatory factors can initiate
an inflammatory response, activating NF-kB signaling [5].
This leads to the production of pro-inflammatory
cytokines, such as tumor necrosis factor (TNF)-a, and
interleukin IL-6, IL-1B exacerbating AD pathology [6].

Reactive oxygen species (ROS) are very reactive
molecules involved in redox processes due to the
presence of an unpaired electron in their atomic orbitals
[7]. The link between oxidative stress and Alzheimer's
disease (AD) progression is evidenced by several factors,
including mitochondrial dysfunction, the redox potential
of AB metal ions, macromolecular peroxidation, and the

upregulation of p-tau and AB amyloid formation [8].
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Currently pharmacological treatments exist for AD, they
primarily slow disease progression rather than prevent or
reverse it, as they do not address its underlying cause. In
recent years, researchers have explored innovative
treatments through multi-faceted and multi-level studies
to develop more effective pharmaceuticals [9]. Thus,
there is a pressing need to identify a novel and reliable
neuroprotective agent characterized by safety, and
stability against neurotoxicity.

Scopolamine (SCO) in Alzheimer’s disease model is
widely used for studying Alzheimer's disease (AD) due
to its ability to induce damage in the cellular antioxidative
system, increase oxidative stress, inhibit
acetylcholinesterase (AChE) activity, impair
mitochondrial function, trigger neuroinflammation, and
promote apoptosis. These processes contribute to the
accumulation of amyloid plaques and tau protein, which
are hallmarks of AD [10].

Zebrafish (Danio rerio), owing to their genetic
similarities with humans, serve as a valuable animal
model for studying neurodegenerative diseases [11].
Passiflora ligularis fruit contains a diverse range of
phenolic compounds, including tannins, anthocyanins,
and flavonoids [12]. Research has highlighted its
antidiabetic [12], anti-inflammatory [13], antilipidemic
[14], and inhibitory effects on alpha-amylase and alpha-
glucosidase [14]. Additionally, it has shown
neuroprotective potential against autism [15] and
exhibits  hepatoprotective and nephroprotective
properties [16To further investigate the neuroprotective
effects of Passiflora ligularis, we examine its
hydroethanolic extract in models of SCO-induced

neurotoxicity in zebrafish.

Materials and Methods
Ethical considerations: All procedures involving the fish
were ethically approved by the Ethics Committee of the

Escuela Nacional de Ciencias Bioldgicas-IPN (ENCB-
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CEI/2024) and conducted in accordance with the
guidelines established by the Committee on Care and Use
of Laboratory Animals (NIH publication 85-23, revised
1985). Additionally, all procedures complied with the
Mexican Official Standard (NOM-062-Z00-1999).

Chemicals: All reagents were obtained from Sigma-

Aldrich (St. Louis, MO, USA).

Ultrasonic-Assisted Extraction (UAE): Passiflora ligularis
fruit was sourced from Mercado de Jamaica, COMX, and
authenticated at the herbarium of the Escuela Nacional
de Ciencias Bioldgicas - Instituto Politécnico Nacional,
CDMX. A voucher specimen (4578) was deposited for
reference. The fruit was dried at 45 °C in a hot air oven,
then ground using an electric grinder to achieve a particle
size of 0.5 mm. Phenolic compounds were extracted
using an ultrasonic cleaning bath (Bransonic, Stemart, NY,
USA), operating at 3 x 50W, 40 kHz, and 40°C for 20
minutes with an ethanol-water (50%/50%) solvent. The

extracts were separated from the sediment via filtration

Total Flavonoid Content (TF): TF was analyzed using a
spectrophotometer (Model 1800, Shimadzu, Kyoto,
Japan). The measurement involved mixing 1 mL of
aluminum chloride with 25 mL of the ethanol-water
mixture (50%/50%) used during extraction, followed by
the addition of 1 mL of the stock solution. A blank was
prepared using 1 mL of the aluminum chloride solution.
Absorbance was recorded at 311 nm, with isoquercetin
serving as the reference standard [17]. The assay data
were expressed in terms of isoquercetin concentration,
following the calibration curve equation: y = 4.687x -

0.0046 (R? = 0.9995).

HPLC-UV-MS  Analysis:  High-performance liquid
chromatography (HPLC) analysis was conducted using an

Agilent 1100 LC system (Waldbronn, Germany) with a
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SunFire™ C18 reversed-phase column (5.0 um, 150 mm x
4.6 mm; Waters) maintained at 30 °C. The mobile phase
consisted of methanol (A) and 0.2% acetic acid (B), with
the following gradient profile: 0—5 min: 55% A 5-20 min:
55%—70% A 20-30 min: 70%—100% A 30-40 min: 100% A
The flow rate was 1.0 mL-min~", and UV absorbance was
monitored at 310 nm. Compound identification was
based on unique mass and fragmentation spectra,
compared with reference data from PubChem,

MassBank, NIST, and mzCloud.

Zebrafish Model: Sixty adult wild-type Danio rerio
zebrafish (males, 8 months old) were housed under a
14:10-hour light/dark cycle at 28.5 + 0.5 °C in a tank with
filtered and aerated drinking water at a density of two
fish per liter. They were fed daily with brine shrimp and
commercial flake fish food (Ocean Nutrition, Newark,
U.S.A.). Cognitive testing was performed after a two-

week acclimation period.

Experimental protocol: Group |I: control without
exposure to any treatment. Group 2: scopolamine
control (SCO, 100 uM, Sigma—Aldrich, St Louis, MO, USA)
Group 3: PAS treatment (4 ug/L) Group 4: PAS treatment
(6 pg/L) Group 5: PAS treatment (8 pg/L) Group 6:

donepezil treatment as positive control (20 pg/L)

The doses of SCO, PAS, and donepezil were selected
based on previous studies. SCO (100 uM) was
administered 30 minutes before the behavioral
experiments [20]. PAS (4, 6, and 8 pg/L) and donepezil (20
ug/L) were delivered via immersion in a 500 mL glass
container for 1 hour once daily. Following treatment, the
animals were transferred to a separate water tank
system for 5 minutes before undergoing behavioral
testing. To minimize the number of fish used, only one
behavioral assay battery was conducted at a time. All

behavioral assessments took place in the morning


https://www.ffhdj.com/index.php/index/index

Functional Foods in Health and Disease 2025; 15(7): 479-494

between 8:00 and 11:00 a.m.

Neurocognitive Function Assessment: After exposure to
SCO, the animals underwent neurocognitive function
evaluation using various tests, including the light/dark
chamber test, Y-maze test, and novel object recognition

(NOR) test.

Light and Dark Chamber Test: The Light and Dark
Chamber Test assesses spatial memory using a
specialized tank with dimensions of 23 cm in height, 10
cm in width, and 20 cm in length. The tank is divided into
two equal segments of 10 cm each and maintains a water
level of 12 cm. One segment, designated as the dark
chamber, is covered with black paper, while the other
remains exposed to natural light (50 lux). Typically, fish
prefer the illuminated chamber, spending only a brief
period in the dark chamber. Following treatment, a fish's
choice of the light chamber suggests an improvement in
memory function. Conversely, selecting the dark

chamber indicates impaired memory performance [18].

Test (NOR): Novel Object: The novel object recognition
test is a widely used behavioral assay for evaluating
memory function in zebrafish models [19]. The
experiment begins with a three-day acclimation phase,
during which fish are introduced to a novel tank
(30x30x30 cm) filled with 6 cm of water—free of
objects—for 5 minutes each day. On the fourth day, the
training phase commences, where fish are presented
with two identical objects for a duration of 10 minutes.
One hour later, during the test phase, one of the familiar
objects (FO) is replaced with a novel object (NO), and the
fish's interactions are observed for 10 minutes. Memory
performance is quantified by calculating preference

percentages.

[(time of exploration of NO)/(time of exploration of FO) +
time of exploration of NO x 100 ]
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Y-Maze Task: The Y-maze task was conducted to evaluate
the fish’s response to a novel environment. A Y-shaped
glass tank (dimensions: 25x8x15 cm per arm; total
volume: 5 L) was used. The three arms of the maze were
designated as the start arm, the always open arm, and
the novel arm. During the training session, the novel arm
was blocked, while all arms were accessible during the
test session. Each fish was individually placed in the start
arm for a 5-minute training session, with the novel arm
closed. After a 1-hour interval, the 5-minute test session
commenced, during which the fish were placed back in
the start arm, now with the novel arm open. Locomotor
activity was assessed based on turning angle (%) and
distance traveled (m), while response to novelty was
determined by measuring the time spent in the novel arm
(% of total arm time). This test served as an index of
memory [20]. Following the completion of the test, brain

tissue was collected for biochemical analyses.

Biochemical Parameter Test Brain Tissue Preparation:
Immediately after the neurocognitive assessment, the
fish were euthanized via hypothermia, and their brains
were swiftly extracted. The brain tissue was
homogenized in ice (1:10) with 1.15% KCI and potassium
phosphate buffer (KsPO;; 0.1 M; pH 7.4). The
homogenates were subjected to centrifugation at 1000 x
g for 15 minutes, and the resulting supernatant was used

for biochemical analysis

Determination of Biochemical Parameters: The
enzymatic activities of superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPX), and
reduced glutathione (GSH), as well as the
malondialdehyde (MDA) level, were quantified using
commercial kits, following the manufacturer’s protocols
(Abcam, Cambridge, UK). Additionally,

acetylcholinesterase (AChE) activity was assessed using a
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fluorometric red kit (Abcam, Cambridge, UK).

Statistical Analysis: Data were analyzed through one-
way analysis of variance (ANOVA), followed by Tukey’s
post hoc multiple comparison test, with statistical
significance set at p < 0.05. Analyses were performed
using GraphPad Prism 7.0 (GraphPad, La Jolla, CA, USA).
All behavioral tests were video recorded using a Logitech
C525 and analyzed with ANYmaze® tracking software

(Stoelting Co., USA).

RESULTS

Ultrasound-Assisted Extraction of Total Flavonoids (TF):
An ultrasound-assisted extraction method was employed
to obtain total flavonoids from P. ligularis. The content of
TF, expressed as isoquercetin-equivalents per mg of

extract, was determined in a hydroalcoholic extract. The
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results revealed that the TF vyield from ultrasound
extraction was 148.21 g isoquercetin-equivalent/mg,
surpassing the values obtained using water (60.983 pg
isoquercetin-equivalent/mg) and ethanol combined with
XAD-2 resin (134.99821 ug isoquercetin-equivalent/mg)
[23].

Profiles of Phenolic Compounds: The hydroalcoholic
extract of Passiflora ligularis was analyzed using HPLC-
UV-MS (Figure 1), revealing a phenolic profile
characteristic of the Passiflora species. The identified
compounds included isovitexin (1), rutin (2), catechin (3),
epicatechin (4), orientin (5), apigenin (6), luteolin (7),
quercetin (8), ferulic acid (9), vitexin (10), and chrysin
(11). Among them, ferulic acid was the most abundant.
All these compounds have been previously reported [11-

14).

5 10 II20

ZIS'II?;O‘III?;S.IIIL{O

R¢ (time)

Figure 1. Chromatograms of extract from P. ligularis by HPLC-UV-MS analysis. The main phytochemicals are marked by

numbers: isovitexin, (1), rutin, (2), catechin (3), epicatechin (4), orientin (5), apigenin (6), luteolin (7), quercetin (8) ferulic

acid (9), vitexin, (10), chrysin (11).
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Evaluation of Neurocognitive Functions

Effects of PAS in the Light and Dark Chamber Test: AD
primarily affects short-term memory in its early stages,
eventually leading to long-term memory deficits.
Experimentally, cognitive responses to pharmacological
treatments for AD can be examined in animal models
through behavioral and cellular assessments. Previous

studies have validated zebrafish as a reliable model for
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investigating cognitive phenotypes. Their memory
performance is frequently evaluated using T- and Y-maze
tests, which assess spatial memory deficits. These tests
are particularly relevant in non-genetic models, such as
those induced by scopolamine (SCO), a cholinergic
receptor antagonist that disrupts short-term memory

and learning while also affecting locomotor activity [21].
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Figure 2. Schematic representation of P. ligularis in the light-dark transition test in zebra fish. (A) the light zone (TSLC); (B)

the dark zone (TSDC). Results demonstrated a significant difference between the time spent in the dark and light chambers.

Data are expressed as the mean + SD (n=10), ***p < 0.001, **p < 0.01, and *p < 0.05 compared with SCO.
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Effect of PAS in the Novel Object Recognition (NOR)
Test: Long-term memory was evaluated using the NOR
test, which measures the ability to differentiate a novel
object from a familiar one [22]. Fish treated with SCO
8 mg/L significantly mitigated SCO-induced memory
impairment (p < 0.05), enhancing exploration of the

novel object (Figure 3). Our findings align with previous

494
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exhibited a significant decrease in preference percentage
(p < 0.05) compared to the control group, spending more
time exploring the familiar object and less time on the
novel one. Administration of PAS at doses of 6 mg/L and
the cognitive benefits of

studies demonstrating

flavonoids in SCO-induced AD models [22].
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Figure 3. Effect of extract From P. ligularis in exploration time of the new objects during the testing day of the novel object

recognition test (NOR). All data are shown as % exploration. Data are expressed as the mean + SD (n=10), ***p <0.001, **p

<0.01, and *p < 0.05 compared with SCO.

Effect of PAS in the Y-Maze Test: SCO treatment
impaired spatial memory, as evidenced by a substantial
reduction in time spent in the novel arm of the Y-maze
(Figure 4A). While animals in the normal group explored
all three arms, SCO treatment induced hyperlocomotion,

leading to reduced activity in the novel arm, a lower total

distance traveled (Figure 4B), and a decreased absolute
angle of turn (Figure 4C) compared to controls. PAS
administration significantly improved locomotor activity
compared to the SCO-treated group. Specifically, PAS at
doses of 6 mg/L and 8 mg/L alleviated SCO-induced
memory deficits, enhancing cognitive performance in

zebrafish.


https://www.ffhdj.com/index.php/index/index

Functional Foods in Health and Disease 2025; 15(7): 479-494 FFHD Page 487 of 494
E
= g04 A E 25, B
2] L —
5 T
2 . T B 20- . m
= 0l * T " x
E * & 15-
= =
g S 4o
& 204 =
= ]
2 s
= Ic.";
il U T T Ll N T L T L L o T T |— c T L T L T T T L T T Ll L
E & o vl > > £ & o > > > >
= & & p&y \:ﬁv -:.@\' Qq"v & & h&v F ‘#V Qﬁ#
® - o o~ B @ F
& ° ¥ O
=2 < 2 <
:900: 1.'_-0‘ ox ‘:po" 0" ox
L= oy & o
A
o c dedk
E 3 - I drhk
=
kS e
o 27
=
&
c M
=
-
c T T T T L T L T T T L]
& O e "l o A
Qﬁ‘é & \?_.& o@' ‘;ﬁ &
= &> & & o
ST F
o o
M S

Figure 4. Y-maze test of the hydroethanolic extract Fom P. ligularis (PAS) at concentrations of 4 ug/L, 6 ug/L and 8ug/L in

memory and locomotion; (A) Time spent in the novel arm; (B) Total distance traveled; (C) Turn angle. Data are expressed

as the mean + SD (n=10), ***p < 0.001, **p < 0.01, and *p < 0.05 compared with SCO.

ChE evaluation: AChE activity plays a crucial role in the
cholinergic system, which is essential for memory
processing. Increased AChE activity leads to alterations in
cholinergic neurons,

resulting in dysfunctions. In

Alzheimer's disease (AD), memory and learning
enhancement are associated with elevated AChE activity.
Our results demonstrated a significant increase in AChE
activity in zebrafish treated with scopolamine (SCO)
compared to the control group. However, treatment with
PAS extract significantly reduced AChE activity across all

tested doses. Figure 5 illustrates the effect of PAS on

AChE activity levels in comparison to donepezil. PASPAS
extract exhibited strong inhibitory activity against AChE,
thereby improving cholinergic function and mitigating
cognitive impairment. These fruits have abundant
bioactive compounds and can serve as nutritious food or
medicinal intended

resources, depending on the

application. Ethnopharmacological strategies combined
with bioassay-guided isolation have proven effective in
identifying plant-derived compounds with potential
acetylcholinesterase (AChE)

inhibitory  activity,

particularly for memory-related disorders [23].
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Figure 5. P. ligularis (PAS) hydroethanolic extract (4 pg/L, 6 ug/L and 8ug/L) alleviate oxidative stress in the zebrafish brain.

Impact of PAS on: (A) CAT; (B) SOD; (C) GPx; (MDA (E). Values are means + DS (N=10) of three replicates. Different asterisks

indicated significant difference

Antioxidant Activity: The results suggest that PAS extract
may have potential applications in treating cognitive
impairment. SCO administration exhibits strong
prooxidant effects, as evidenced by increased reactive
oxygen species (ROS) levels. This is reflected in the
reduction of antioxidant enzyme activities, including
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPX), and reduced glutathione (GSH) (Figure

6A-D). Additionally, there is a significant increase in

***¥p < 0.001, **p <0.01, and *p < 0.05 compared with SCO.

malondialdehyde (MDA) levels (Figure 5E) and
carbonylated proteins (Figure 6A), leading to lipid and
protein oxidation. Previous studies indicate that SCO
induces oxidative stress and contributes to memory
impairment [24]. Oxidative stress is a key contributor to
the onset of numerous diseases. Edible plants known for
their antioxidant properties offer promising potential in
preventing or reducing the formation of reactive species

[25-26]
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Figure 6. Impact of PAS on: (A) carbonylated proteins levels in different groups; (B) exhibited an anti-AChE effect in the

zebrafish brain. Values are means = DS (N=10). analyses: **** p < 0.0001, *** p < 0.001, ** p <0.01, and * p < 0.05.

DISCUSSION

A total of 11 phenolic compounds were identified
through HPLC-UV-MS analysis, confirming that the
hydroalcoholic extract has a chemical composition
comparable to previous reports [11-14]. These flavonoids
support antioxidant activity and memory enhancement.
The neuroprotective properties of key compounds
including isovitexin have been shown to improve spatial
memory, decrease amyloid-beta levels, reduce
neuroinflammation, and alleviate autophagic
dysfunction via miR-107 signaling [27]. Rutin helps
ameliorate amyloid-beta burden, plasticity impairment,
synaptic loss, and neuroinflammation [28]. Catechin
enhances neuronal processes and prevents tau oligomer
aggregation [29]. Epicatechin reduces neurofibrillary
tangles, extracellular amyloid accumulation, and
improves synaptic plasticity [30]. Furthermore, orientin
inhibits oxidative stress, acetylcholinesterase (AChE)

activity, and inflammatory cytokines [31]. Apigenin

mitigates reactive oxygen species (ROS), suppresses
inflammatory pathways, and slows disease progression
[32]. Luteolin alleviates memory and learning deficits,
reduces neuroinflammation, and downregulates
endoplasmic reticulum (ER) stress markers GRP78 and
IREla in brain tissues [33]. Lastly, quercetin enhances
cognitive function, inhibits amyloid-beta aggregation and
tauopathy, and possesses anti-inflammatory and
antioxidant properties that improve mitochondrial
function [34]. Ferulic acid exhibits anti-inflammatory,
antioxidant, and anti-AB aggregation properties,
preventing hyperphosphorylated tau protein
accumulation and inhibiting AChE activity. Additionally, it
provides neuroprotection by preventing AB-fibril
formation [35]. Vitexin has been found to alleviate
neuroinflammation in animal models of Alzheimer's
disease (AD) [36]. Chrysin counteracts lipid peroxidation,
enhances antioxidant enzyme activity, and mitigates

learning impairment, neuroinflammation, and memory
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loss by modulating Na+/K+-ATPase activity and
glutamate [37].

SCO exposure leads to significant memory
impairment (p < 0.05) compared to the control group.
However, PAS pretreatment significantly improves
cognitive performance (p < 0.01), increasing the number
of entries into the light zone (TSLC) reducing the time
spent in the dark chamber (TSDC). The beneficial effects
of PAS appear dose-dependent, resembling the
neuroprotective impact of Donepezil. The results are
depicted in Figure 2A-B. PAS extract significantly
ameliorates  SCO-induced  cognitive  dysfunction,
increasing TSLC while reducing NEDC values, thus
suggesting improved locomotor function.

In the NOR test PAS extract exhibited a reduction in
amnesic profile in zebrafish mainly associated with the
presence of flavonoids compared with SCO group. Our
results are supported by previous investigations that
demonstrated that flavonoids improve cognitive
impairment in AD animal models [38].

To evaluate the effect of flavonoids in  locomotor
activity were assessed by Y-maze  test. Our results
suggest that the time spent and the number of entries
exceeding a threshold of one indicate healthy memory
function. The behavioral findings from the Y-maze test
demonstrate that PAS extract at doses of 4, 6, and 8 ug/L
enhances retention memory and cognitive function in a
zebrafish model of scopolamine-induced AD.

Scopolamine (SCO) is an anticholinergic ligand that
blocks the binding of acetylcholine (ACh) to its receptor
[39thereby contributing to cognitive impairment in
zebrafish [39]. Consequently, SCO is widely recognized as
a key model for studying cognitive enhancement in

zebrafish. SCO increases ACh levels through various
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mechanisms, including AChE inhibition and an agonistic
effect on nicotinic ACh receptors [39]. Our findings
suggest that PAS extract competitively reduces AChE
activity, leading to an increase in ACh levels. Further
studies are needed to confirm this mechanism. SCO-
induced exacerbation of AChE activity was observed
across all tested concentrations. The decline in ACh levels
is likely due to increased ACh hydrolysis, resulting in
altered behavioral responses and neuromuscular activity.
In the NOR and Y-maze tests, PAS demonstrated a
cholinesterase-inhibitory effect, contributing to memory
enhancement in zebrafish.

Biochemical analysis of brain homogenates treated
with PAS extract reveals a significant restoration of
antioxidant enzyme activity in zebrafish exposed to SCO.
This suggests that PAS extract possesses antioxidant
properties, as demonstrated by the reduction in lipid
peroxidation products, including MDA levels. The
findings indicate that PAS extract exerts neuroprotective
effects through its antioxidant action, enhancing
antioxidant enzyme activity and reducing MDA levels.
Excess ROS can damage nucleic acids, proteins, and lipids,
resulting in DNA oxidation, protein oxidation, and lipid
peroxidation. SCO exposure is reported to induce
memory loss due to increased oxidative stress in the
brain [40]. Zebrafish exposed to SCO (100 uM) show a
significant (p < 0.05) activity ameliorates the effects of
SCO on antioxidant enzymes by reducing the increase in
MDA and preventing the decrease in GSH levels in the
zebrafish brain. Our findings suggest that PAS exhibits
neuroprotective activity against oxidative stress due to
its high phenolic compound content. In groups treated
with PAS extract, flavonoids provide protection against
oxidative stress. Several flavonoids have demonstrated

significant antioxidant properties in animal studies [41].
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The treated fish show an increase in antioxidant enzyme
activity, enhancing their resistance to pro-oxidative
compounds induced by SCO exposure.

This study's findings are consistent with previous
research on donepezil, which served as positive control.
Donepezil is known for its neuroprotective and
antioxidant properties. Similarly, pretreatment with PAS
extract inhibits AChE and MDA activity while enhancing
SOD, CAT, GPX, and GSH levels in the zebrafish brain.
These biochemical changes help mitigate cognitive
impairments caused by SCO exposure. The
neuroprotective effects of PAS extract may stem from
flavonoids, which interact with toxic compounds and

reduce their toxicity.

Bridging to Functional Food Science: Plants have long
held a dual role in human history, serving both nutritional
and medicinal purposes. Literature suggests that with the
advent of hunting practices, Plants began to assume a
significant place in the human diet. Among natural
resources, a wide range of products are utilized for
medicinal purposes, including crude drugs, traditional
remedies, and medicinal plants. Some of these serve dual
roles as both therapeutic agents and edible items, often
classified as health or functional foods. These functional
foods are recognized for their tertiary role—modulating
physiological functions with the aim of supporting and
enhancing human health through dietary means. Building
on this background, our research in pharmaceutical food
science has focused on identifying bio-functional
products derived from natural resources that may help
prevent lifestyle-related diseases or alleviate their early

symptoms.

Scientific Innovation and Practical Implications: The aim

of this study was to demonstrate the potential of

FFHD Page 491 of 494

Passiflora ligularis as a medicinal plant, owing to its rich
content of phytochemicals such as polyphenols, sterols
and lipids. Bioactive compounds may contribute to the
treatment and as an agent in the treatment and
prevention of neurodegenerative disease. The
consumption of P. ligularis has increased in recent
years due to its diverse functional properties including
anti-inflammatory potential, antidiabetic, antilipidemic
and antioxidant activities. Regular intake of fruit may
support overall health and reduce the risk or alleviate

symptoms of memory impairment associated with

Alzheimer’s disease.

CONCLUSION

Our findings indicate that PAS extract enhances cognitive
function in a scopolamine-induced zebrafish model of
Alzheimer's disease (AD). It significantly improves
retention memory, as demonstrated by the Y-maze test,
and boosts locomotor function, as assessed by the light
and dark chamber test. Additionally, PAS extract
enhances recognition memory, as shown in the NOR test.
Beyond cognitive benefits, the extract exhibits direct and
indirect endogenous antioxidant properties, including
increased levels of reduced glutathione and antioxidant
enzymes, reduced lipid peroxidation, decreased AChE
levels, and neurotransmitter regulation. Furthermore,
PAS extract demonstrates potential neuroprotective
effects in the zebrafish model, suggesting its possible role
in treating neurodegenerative disorders such as

Alzheimer's disease.

ABBREVIATION: DN: AChE: acetylcholinesterase, AD:
Alzheimer's disease, CAT: catalase, CNS: central nervous
system, CDMX: ciudad de Meéxico, GPX: glutathione
peroxidase, MDA: malondialdehyde NMDA: N-methyl-D-
aspartate, ROS: reactive oxygen species; SCO:

Scopolamine, SOD: superoxide dismutase,
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